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Integrated Proposal for the Ala Wai Watershed

Executive Summary

The Ala Wai Watershed in Honolulu, Hawaii, is situated in a densely populated region
that faces unique challenges, including severe flood risks, steep topography, intense
storm events, and an outdated single outlet canal system, constructed in the 1920s. The
primary objective of this research was to develop an integrated solution that addresses
flood mitigation, environmental restoration, and repairs to the existing, aging Ala Wai
Canal.

This research examines the existing problem, including a comprehensive evaluation of
the major factors at play, such as flood risks, environmental concerns, outdated
infrastructure, and cultural impacts. It also analyzes various existing proposals for flood
mitigation within the Ala Wai Watershed with an understanding of all the major factors.
The U.S. Army Corps of Engineers6(USACE) Tentatively Selected Plan (TSP) for the
Ala Wai Watershed Flood Mitigation Project is explored in detail, including the economic
viability of the proposal. In addition, global flood mitigation projects such as the Delta
Works in the Netherlands and the Glasgow Smart Canal in Scotland are reviewed to
provide valuable insights into potential solutions for the Ala Wai Watershed.
Furthermore, canal flood mitigation efforts in New Orleans and New Jersey are
highlighted, offering insights into projects that demonstrated effective coordination
among United States federal agencies, such as the USACE and the Federal Emergency
Management Agency (FEMA), as well as other key stakeholders.

Going beyond flood mitigation, environmental technologies utilized both locally and
internationally were analyzed for their cost, effectiveness, and overall applicability for
the Ala Wai Canal. Approaches varied widely, from surface-level systems aimed at
removing trash and debris to advanced technologies designed to improve water quality
using microorganisms.

Following an in-depth review of the problem, proposed solutions, global flood relief
projects, and water quality improvement initiatives, the author presents an integrated
solution for the Ala Wai Watershed. This proposed solution addresses flood mitigation
while also tackling broader environmental and infrastructural challenges, providing a
long-term solution that utilizes modern engineering practices to retrofit the existing
system. The proposed solution is an integrated strategy that incorporates best-fit
systems and practices identified throughout this research.

For flood control, the author proposes constructing floodwalls on the mauka side of the
Ala Wai Canal to match the height of the existing makai walls, addressing flood risk
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disparities. Additionally, the proposal includes constructing a second canal outlet under

Kapahulu Avenue to enhance water capacity and provide an alternative flow path, which

will also facilitate incremental renovations of the existing canal infrastructure.

Environment al i mprovements in the Authoroés 1 n
water quality utilizing Genki Balls, invasive species removal and fencing, and the

implementation of the Spinning Cogs system for debris management. The Aut hor 6s
Integrated Proposal includes plans to upgrade the Al a Wa i st@atureawitld s

concrete flooringandwalls. Whi | e t he proposal ®miwsisi mated co
substantial, it offers significant benefits, including improved flood protection, enhanced

water quality, and modernized infrastructure.
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Chapter 1: Introduction

1.1 Background

Hawaii 6s tropical climate is i mpacted by sign
geography and wind patterns. This variability creates microclimates that range from lush

rainforests to desert-like regions throughout the state. These microclimates are shaped

through the interactions of oceanic moisture, trade winds and steep mountain terrain.

Heavy rainfall from upstream valleys can cause flash floods downstream, affecting

urban areas that | ie at the bas e madleoftheese v al
Pacific Ocean provides a substantial amount of moisture. The trade winds draw moist

air from the surrounding ocean and carry it toward the mountains. As the air ascends, it

cools and condenses, leading to precipitation. Some portions of the Hawaiian Islands

can experience up to 15 times the average rainfall found over the surrounding ocean

(National Weather Service, n.d.). The abundance of precipitation is a defining element

in the Hawaii climate and directly contributes to lush vegetation and biodiversity that

Hawaii is well known for. The wet season, which runs from November through March,

presents the greatest risk of catastrophic flooding. Paired with steep topography, the

wet seasonods intense rainstor misklyecaunolatdtsy f | ood
downstream. Hawaii és mountain ranges are form
separated by steep sloping terrain. The Kobol

Manoa and Palolo streams, embodies these defining characteristics. At the top of these

peaks, ridges form, creating a natural split for precipitation to flow toward the windward

side of the island or directly into the heavily populated portions of Honolulu. Elevation at

the top of the ridges reaches approximately 3,000 feet before dropping down to 300 feet

at the base of the Kobdbolau range. From the ba
reaches sea level throughout a four-mile stretch towards Waikiki.

The Ala Wai Watershed (Figure 1) contains many of the weather and topographical

characteristics that Hawaii is famous for. The watershed runs from the top of the

Koéol au mountains all the way to the ocean an
runningfr om Punchbowl to Diamondhead. The Kobéol au
inches of rain per year (City and County of Honolulu, 2023). The heavily sloped terrain
reaching from the top ri dgecdmbnédwithtsignifitkanté ol au m
rainfall, creat es a serious flood risk. Tdudingkheéol au v
water directly into the urbanized downstream areas and can quickly overwhelm the

infrastructure in place.
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Figure 1 - Ala Wai Watershed (Modified from City and County of Honolulu, n.d.)

Amid an uncertain period of the climate change era, evolving sea levels and varying
weather patterns create additional concerns for disastrous flooding potential. The Ala
Wai Canal, located in the lower portion of the Ala Wai Watershed, serves as a direct
outlet for stormwater to the ocean. The connection between these two bodies of water
goes beyond a simple drainage function. Their relationship encompasses the influence
of oceanic factors such as sea levels and tides, which directly impact flood risks within
the watershed.

Although unlikely, a 1% annual exceedance probability (AEP) rain event (once-in-100-
year storm) carries the potential to impact over 125,000 people, and over 3,000
structures due to flooding the surrounding areas of the Ala Wai Canal (Figure 2).
Estimated damages from such an event project to reach approximately 1 billion dollars,
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affecting roughly 1,358 acres within the Ala Wai Watershed (U.S. Army Corps of
Engineers, 2020). However, the estimated 1-billion-dollar impact is likely to be vastly
understated. By comparison, the Lahaina wildfires burned 2,170 acres of land or about
50% more land than the projected 1% AEP Ala Wai Watershed floodplain (Leonard,
2024). Initially estimated by the U.S. Fire Administration to cost 5.5 billion dollars (U.S.
Fire Administration, 2024), the damage caused by the 2023 Lahaina wildfires has
reached 12 billion dollars and counting (Knodell, 2024). While fires mostly cause
complete destruction of property and flooding may allow for some salvage, the Ala Wai
Watershed contains a much more densely populated area than Lahaina. The Ala Wali
Watershed contains an estimated population of 200,000 residents (City and County of
Honolulu, 2023). The population of Lahaina, by comparison, was below 13,000 people
in 2022, prior to the fires (Data USA, n.d.).

Figure 2 - 1% Annual Exceedance Probability (AEP) Event Flood Model (Modified from City
and County of Honolulu - Department of Design and Construction, 2023).
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Urban development and population continue to grow in the Waikiki area, which will only
intensify the flood damage risks. As floodplains are redrawn due to changing conditions,
previously sufficient flood management strategies are becoming inadequate, potentially
leading to more frequent overtopping events and flash floods. Effective flood risk
management strategies for the Ala Wai Canal must account for the evolving landscape,
and the risks associated with catastrophic flooding need to be weighed against
protection measures.

1.2 Construction of the Canal

The Al a Wai Canal, constructed between 1921 a
Hawaiian Dredging Construction Company, served as the spark to an architectural
awakening in the Waikiki area of Honolulu (U.S. Army Corps of Engineers, n.d.). The
canal is an estuary that serves as an outlet for the Makiki, Manoa and Palolo streams.
Prior to construction of the Ala Wai Canal, the Waikiki area was mostly marshland, fed
by runoff fr om t herigiKallydesigreed to draandMaikika's marshlands
for development, the canal was not intended for flood control. Prior to its construction,
much of the runoff was used to plant taro, but over time, the runoff of water became
stagnant and water quality issues began to come to focus. Additionally, the desire for
urbanization of the Waikiki area has fueled the push for larger-scale development. Once
constructed, the canal cleared the marshland for high-rise development projects, which
now dominate the Waikiki area. Urbanization has since increased pollution and runoff
into the canal. Maintenance of the canal has been ongoing, with the most recent, major
dredging efforts taking place in 1967, 1978, 2002, and 2019 (U.S. Army Corps of
Engineers, n.d.).

Initially, the canal was designed to have an outlet at the Ala Wai Boat Harbor, along with
a second outlet that was abandoned during construction, partially due to a lack of
funding caused in part by the Great Depression (McDaniel, 2022). Additionally, the flow
of the ocean current would have directed runoff west, leading polluted water straight into
the heart of the most popular Waikiki beaches.

While the constructed version of the Ala Wai Canal has mostly served its purpose, the
additional risks associated with the density of the surrounding developed areas create a
need to reassess a catastrophic flooding event. The U.S. Army Corps of Engineers
(USACE) has analyzed this problem in detail. The USACE has aimed to make key
improvements to the existing canal, creating a canal system that is more prepared for
the low probability, but highly consequential rain event. Key components of the
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USACEOG Sentatively Selected Plan (TSP) include the construction of floodwalls and
detention basins.

Various organizations are dedicated to the restoration of the Ala Wai Canal, including
The Genki Ala Wai Project, The Ala Wai Watershed Collaboration, and The Blue Ala

Wai Canal Foundation, among others. These organizationsdé o0 b j eandge frome s
environmental and water quality directives to restructuring the canal to mitigate flood

risks.

1.3 Defining the Problem

There are several issues facing the Ala Wai Watershed, but flood risks posed by the
hydrology of the watershed are the most concerning. Flooding in this densely populated
area is not just a theoretical concern, but historical events have already demonstrated
these risks are a harsh reality. Several costly, damaging floods have already occurred
during past rain events, but the region has been fortunate so far and has yet to record a
truly catastrophic event, such as a once-in-100-year storm.

Given that the canal was completed nearly a century ago, the statistical probability of
finally experiencing this rare but devastating flood increases with each passing year. In
essence, the watershed is living on borrowed time. The absence of such an event to
date should not be mistaken for a sign of safety. A 1% or lower AEP event will occur, it
is just a matter of when. The challenge lies in how to protect or minimize the impact on
surrounding areas from the severe flooding that will inevitably occur during a major
storm event.

If a 100-year storm were to strike the Ala Wai Watershed under existing conditions, the
consequences would be catastrophic. According to modeling built by the U.S. Army
Corps of Engineers (USACE), thousands of structures would be flooded, displacing
residents, and causing an expensive and lengthy recovery process (USACE, 2023).
Critical daily infrastructure would be at risk of collapse. Economic repercussions for
Hawaii's tourism-dependent economy would be devastating.

Flooding is just one of many concerns associated with the Ala Wai Watershed.

Designing an effective flood mitigation solution requires not only a deep understanding

of flood risks, but also careful consideration of other vital factors. Cultural,

environmental, and legal complexities must be thoughtfully addressed by any

comprehensive plan. Analysis through the lens of just one issue will lead to vastly

different results than would be achieved through a holistic approach. Hawai i 6 s st r ong
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cultural ties to the land and water cannot be overlooked in proposed solutions. The
ahupuada system, which i s a &magpdconsidemtoa. | | and
Theahupuada system is a traditional |l and manag
natural landscape, dividing regions based on their geographical characteristics (Aglibot,

2017). In addition, the residents of Hawaii are deeply invested in environmental

preservation, actively seeking to restore and maintain the health of natural ecosystems.

Given the complexity of the problem, it is important to evaluate all proposed solutions

with an understanding of all relevant factors associated with the canal system. In the

following chapters, this paper analyzes existing proposals alongside global flood

mitigation strategies. Beyond flood risk management, environmental, economic, and

cultural factors are weighed. The integrated solution proposed by the author considers

all factors to create a holistic solution to the problem facing the Ala Wai Watershed.
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Chapter 2: Historical Context and Cultural Significance

2.1 Introduction

Prior to the construction of the Ala Wai Canal, the Waikiki area was marshland, fed by

water runoff from the Kobéolau mountain valley
plants, fishponds, and rice fields. The area spanned approximately 645 acres (Glenn &

McMurtry, 1995). The wetlands played a vital role in the local ecosystem. Taro farming

has long been practiced as part of Hawaiian culture and carries a spiritual connection to

the land. Taro plants require heavy moisture, which was provided by the natural state of

the marshland. The word "Waikiki" can be broken into two segments: wai, meaning

"freshwater," and kiki, meaning "sprouting up." This refers to the freshwater fishponds

that were historically fed by mountain runoff( Mi nt on & NU Maka o ka 61Ui

Although the Ala Wai Watershed is now an urban, integral part of Honolulu, it was

previously managed under the traditional Hawaiian land division method called

ahupuada. This traditional management met hod e
facilitated sustainable usage of natural resources, including activities such as taro

farming, which requires a constant supply of freshwater. The ahupuata was div
three ecological zones: upland rainforests, midland agriculture and settlements, and

coastal marshes and aquaculture. The nat ur al | andscape of the a
outlets for each of the three main streams within the Ala Wai Watershed. Ancient

Hawaiians considered water to be sacred and Hawaiian people have long relied on

water for agriculture purposes and ecosystem sustainment (Aglibot, 2017).

2.2 Canal Construction

Construction of the Ala Wai Canal was seen as a necessary step to drain the wetlands
and prepare the land for development, paving the way for the beginning of the modern-
day Waikiki. Sanitary concerns were growing as stagnant runoff water became a
breeding ground for mosquitoes. These water quality and mosquito issues were
leveraged to gain support for the canal's construction, though its primary purpose was to
facilitate development (Dr. L. Minerbi, personal communication, October 23, 2024). The
traditional agricultural practices that the Waikiki area was once known for gave way to
the rapidly developing tourism area that Waikiki is now famous for. With the change
came consequences, both intended and unforeseen. Outcomes such as the economic
growth and transformation of the Waikiki area into a world class tourist destination were
achieved. With its construction came the dismantling of the natural hydrology that had
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previously existed. Traditional agricultural practices became less feasible as the natural

land was transformed into a drier landscape.

With the construction of the Ala Wai Canal came the losses of traditional Hawaiian

values and practices. The construction of the Ala Wai Canal significantly altered
transformed the ec
and visual landscape, paving the way for urban development. Before the canal's

construction, the Manoa, Makiki, and Palolo streams flowed naturally downstream

(Figure 3), supporting traditional, water-dependent agricultural practices. The natural

wetlands and agricultural practices, such as taro farming, were deeply integrated into

the Hawaiian cultural and spiritual relationship with the land. Additionally, with the

ongoingurband evel opment, view planes of
Range and Diamond Head, have become increasingly obstructed. These landmarks
hold cultural significance, serving as key components of the traditional Hawaiian

agricultural practices and

North

i ITH PACIFIC OCEAN
217 1O

SOUTHSIDIE or OAHLU.

Figure 3 - Ala Wai Watershed Stream Flow Prior to Canal Construction (Modified from

Wiegel, 2008, based on U.S. Navy Hydrographic Office, 1880)
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worldview and connection to place. Although some of these view planes remain partially
intact, they are increasingly at risk from ongoing development. The deterioration of
these panoramas not only represents a physical transformation but also signifies a
deeper erosion of the cultural and historical ties that Native Hawaiians have with the
land (Cultural Surveys Hawaii, 2017).

While the Ala Wai Canal has diminished some traditional, culturally significant aspects

of Waikiki, the canal itself has become a landmark of the Waikikiarea. Th e name @Al a
Wai , 0 given by the City Planning Commission f
translates to "waterway" (Images of Old Hawaii, n.d.). Positioned in the center of

Waikiki, the canal has become a defining feature of the landscape and symbolizes the

cultural shift from its historic roots to the modern-day environment.

In addition to the Ala Wai Canal construction (Figure 4), several other projects have

expanded and modernized the WaikikiBe ac h ar e a. I n the 19306s, K
constructed by placing 7,000 cubic yards (CYD) of sand, widening the beach to 150 feet

(Wiegel, 2008). Beyond the widening, a break wall was constructed, aiming to minimize

wave energy that reaches the beach to minimize erosion. During the urbanization of

Wai ki ki in the ear | y dde@trOugrscoral mdfsaincreasing wer e dr
accessibility for boats and ships. Dredged materials such as sand, rock and coral were

repurposed and used for land development.

Figure4-Al a Wai Canal Constrwuction (Hawai d6i State
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2.3 Recreation

Waikiki has long been famous for water activities such as surfing and fishing. Famous
Hawaiian, Duke Kahanamoku, popularized surfing as a sport. As the area has
developed into its modern state, Waikiki attracts surfers of all abilities looking to enjoy
the pristine waters and world class surf that the beach is famous for. Waikiki features a
variety of wave styles, making it suitable for professionals and beginners alike.

The Ala Wai Canal provides its own variety of recreational activities. A walking path
alongside the canal provides an opportunity for runners, walkers, and bikers to exercise
while exploring the perimeter of the canal. The Ala Wai Canal also hosts various canoe
races, including for organizations such as the American Society of Civil Engineers
(ASCE). The canal is also home to the several canoeing clubs. Canoes are stored at
several locations alongside docks and boat ramps on the mauka side of the canal, with
relatively easy entry to the water (Figure 5).

Figure 5 - Ala Wai Canal Canoes and Boat Ramp (2024)

In 1930, a boathouse was constructed at the mouth of the Ala Wai Canal, serving as a
key feature in transforming the canal into a recreational resource. It was envisioned as a
hub for small boating activities, offering rowboats, motorboats, and eventually outrigger
canoes for rent. The operators of the boathouse hoped to make the canal a major
destination for boating, often comparing it to the Thames River in England (National
Park Service, U.S Department of the Interior, 2023). The boathouse became an
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immediate success, attracting both tourists and locals (K a ma & )Uanditgacilitated
organized regattas and races along the canal.

By 1938, the boathouse was relocated to the McCully Street Bridge and became a

center for the Hawaii Rowing Association, with races and regattas regularly held along

the canal. During World War Il, the boathouse was repurposed as a naval officers' club,

but its recreational significance endured into the 1950s when the Parks Board regained

control. However, the introduction of motorboats created noise issues, prompting

Ordinance 488 in 1929, which required mufflers to reduce the disruption caused by

motorized boats. Although motorboat racing faded out by the early 1930s, the

boathouse and canal continued to be vital for various water activities. The steps added

in 1934 alongside the canal walls made access to the canal easier and ensured the

canal 6s role in the city's recreational i fe

The Ala Wai Canal has undergone changes from its initial naturally sloping landscape

(Figure 6) and was completely transformed during the construction of lava rock walls in

1934, designed to stabilize the canal 6s banks
of the Interior, 2023). These walls were crucial in preventing erosion and managing

water flow as Waikiki's wetlands were replaced by modern infrastructure. By the mid-

Figure 6 - Ala Wai Canal Entry Prior to Rock Wall Installation (Hawai'i State Archives, n.d.)
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1900s, repairs and reconstruction of the rock walls (19491 1954) supportedt he canal 6s
role in flood control and land management.

2.4 Historical Events

Historical flooding records for the Ala Wai Watershed are limited. To date, there is no
record of a 100-year storm hitting the Ala Wai Watershed, highlighting the fact that this
event is overdue. The most recent overtopping of the Ala Wai Canal due to stormwater
occurred in 1965 and again in 1967 (Figure 7). Damages from the 1967 storm were
estimated at $10,000, which is an inflation-adjusted equivalent to $90,000 in 2017
(USACE, 2017) and approximately $116,000 in 2024 (US Inflation Calculator, n.d.).
Although not related to rainfall within the Ala Wai Watershed, Hurricane Iniki also
caused overtopping of the Ala Wai Canal in 1992. The overtopping from Hurricane Iniki
highlights the cohesive relationship between the ocean and the Ala Wai Canal.

Figure 7 - Flooding Along Ala Wai Boulevard from Overtopping of the Ala Wai Canal in 1967 (U.S. Army
Corps of Engineers, 2023)
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In 2004, the Manoa Valley flood caused an estimated $85 million in damages (U.S.
Army Corps of Engineers, n.d.). During the peak of the 2004 rainstorm, rainfall
estimates exceeded 5 inches per hour, which the National Oceanic and Atmospheric
Administration (NOAA, n.d.) classified as a 2% Annual Exceedance Probability (AEP)
event. However, the overall storm event was considered a 4-5% AEP event by the
USACE. This storm provides data insights from an actual event, producing more reliable
data than modeling can provide, which only aims to simulate such conditions. The
intense storm caused flooding in the University of Hawaii campus, damaging 30
buildings and destroying the lower level of the Hamilton Library (Figure 8). During
attendance of a night class, the flood forced students to break through windows to
escape floodwaters, putting lives at stake. Flood water levels on campus reached as
high as 8 feet in some areas of the campus. Priceless, irreplaceable documents from

Figure 8 - Damage from 2004 Flood in Manoa Valley: Top left i Pawaina Foot Bridge Collapse; Top right T
Woodlawn Bridge Debris Buildup; Bottom left - Flood damage at University of Hawaii at Manoa Campus; Bottom right
- Cars swept into the Manoa Stream Downstream of the Woodlawn Bridge (Modified from National Weather Service,
n.d.)
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the Hamilton Library were damaged beyond repair in the flood (Nakaso, 2024). The
storm produced a flow rate of 9,500 cfs in the Manoa-Palolo Canal, a number that is
projected to double during a 1% AEP event, to about 20,000 cfs (Oceanit, 2020). The
event raised awareness surrounding the Woodlawn Bridge, where sediment and debris
buildup significantly restricted the free flow of stormwater beneath the bridge,
contributing to the overtopping of the surrounding stream banks. In response, the DLNR
initiated a $2.5 million project that replaced a portion of the concrete near the bridge
with a drop structure. This modification improves water flow and helps prevent sediment
accumulation (Davis, 2018).

Two years later, a prolonged rain event caused flooding in the Makiki area and resulted
in a sewer main rupture that required redirecting sewage flow. 48 million gallons of
sewage were consequently diverted directly into the Ala Wai Canal as a result of the 42-
inch reinforced concrete pipe rupture (Venzon, 2007). Failure to divert the sewage flow
would have caused catastrophic structural damage, as the only other option was to
allow the sewage to back up into homes, hotels, and businesses. The event caused an
environmental crisis, as the Ala Wai Canal flows directly into the surrounding ocean.
Waikiki beaches were closed for a week following the release of untreated sewage into
the area. The sewage spill caused a 20-million-dollar repair to the system, which
included the installation of a 7,200-foot temporary bypass. The ruptured 42-inch main
pipe was replaced with twin 36-inch pipes to increase capacity and prevent reliance on
a single-pipe system with an unadjustable flow path (Paggioli & Moucka, 2012). The
modifications to the system provide an additional safeguard and aim to prevent future
environmental crises.
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Chapter 3: Literature Review

3.1 Summary

Flood risk management and environmental restoration within the Ala Wai Canal and its
surrounding watershed have been ongoing topics of concern for several decades. The
U.S. Army Corps of Engineers (USACE), alongside local organizations, has proposed
numerous renovation and flood mitigation strategies aimed at addressing the growing
challenges posed by urbanization, pollution, and most importantly, the threat of
catastrophic flooding within the Ala Wai Watershed. Various plans have been discussed
and feasibility studies performed. Much of the focus has been on floodwalls, detention
basins, pump systems, and water quality improvement efforts.

This literature review discusses findings from multiple studies, reports, and comparative
flood mitigation projects, both nationally and internationally. The review reveals that
while existing flood mitigation proposals, such as the USACE®S plan, offer viable short-
term solutions to flood risks, they often fall short in addressing the broader problem at
hand. Solutions need to be justified on multiple levels. The ideal solution is an all-
encompassing, true long-term solution. The gradual removal of natural filtration systems
due to urban development has increased water pollution in the canal and significantly
reduced the watershed's natural ability to absorb rainfall. Stormwater runoff is now more
rapidly channeled into the Ala Wai Canal, contributing to canal water capacity issues
and increased flooding risks.

Despite the multitude of proposals and studies, significant concerns remain regarding
the cost-effectiveness, long-term viability, and environmental impact of many flood
mitigation initiatives. While some case studies of global flood management systems
highlight the potential for innovative solutions, they also demonstrate the limitations of
retrofitting older infrastructure to accommodate modern technology. The findings of this
review emphasize the need for a comprehensive, multifaceted approach to flood risk
management that incorporates both long-term flood protective measures and
environmental sustainability efforts.

In addition to these findings, recent flood mitigation solutions such as the Glasgow
Smart Canal system combine traditional infrastructure with environmentally sustainable
solutions that utilize smart technologies to reduce the need for overbearing traditional
infrastructure. Coupling these new technological advancements, such as predictive,
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dynamic water management systems, with increased capacities created from traditional
engineering methods, provides a path to a multi-layered solution.

3.2 Renovation Proposals

3.2.1 Public Proposals

The University of Hawaii Community Design Center offers a proposal that transitions the
entire Honolulu area, stretching from Pearl Harbor to Diamond Head. This forward-
thinking proposal aims to reclaim traditional wetlands in the Waikiki area through a
transition process that transforms the area in both the near and long-term. Along with
the reintroduction of Waikiki area wetlands, the project calls for the elevation of
structures surrounding the Ala Wai Canal and aims at creating a more water-based
environment, leveraging the natural surroundings of Hawaii (UHCDC (Stilgenbauer, et
al.), 2020). The proposal entails a larger scope than just flood risk mitigation for the Ala
Wai Watershed, focusing on redefining life in Honolulu to account for projected sea level
rise (SLR). The wetlands provide twofold benefits including flood risk mitigation through
absorption, and environmental restoration through natural filtration.

The Blue Ala Wai Canal Foundation developed their own plan for the Ala Wai Canal
project (Island News, 2024). While the USACE plan is aimed at mitigating flood risk, the
Bl ue Al a Wai Canal Foundationdés plan |l,ooks at
confining its scope to the Ala Wai Canal. The Blue Ala Wai Canal Foundation plan
incorporates a second ocean outlet for the canal, much like the originally designed
canal plan had called for (Blue Ala Wai Canal Foundation, n.d.). The plan would
incorporate a gate system for each of the ocean outlets. The gates would operate on a
tidal schedule. The Waikiki gate would open during low tide and the Ala Wai Harbor
gate would be closed. As the tide rises, the water level in the canal would fill
accordingly, from the Waikiki gate side. As the tide begins to drop, the gates would
reverse, allowing the canal water to be drawn into the Ala Wai Harbor with the draining
tide. This strategy aims to alleviate concerns over polluted water filling into the pristine
Walikiki beaches, a concern that partially caused the abandonment of the second outlet
during the initial construction of the canal. The westerly flow of the current would draw
the water away from the Waikiki and towards Honolulu Harbor. With the tidal
scheduling, the gates would create a twice-daily outflow of water towards the harbor.
The Ala Wai Canal water quality would benefit from the incorporation of the second
outlet for the canal, as the seawater being drawn in would dilute the existing polluted
water in the canal.
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The Protect Our Ala Wai Watersheds (POAWW) organization advocates for leveraging

the ocean as part of the solution. The proximity of the mountains to the ocean presents

a clear opportunity to wutilize the islandbs u
mitigating flood risks. POAWW desires a nature-based solution to the problem and

points out flaws within the USACE® plan, particularly criticizing the utilization of

detention basins for an area in such short proximity to the ocean (POAWW, n.d.).

Furthermore, solutions proposed by University of Hawaii professors aim for a strategic,
targeted approach. Professor Minerbi, from the Urban and Regional Planning
Department, calls for addressing the Mauka side of the canal as soon as possible. Dr.
Minerbi emphasizes the inequities of flood risks between the Waikiki district and Moiliili
areas due to the 2-foot height difference for the existing floodwalls on the mauka versus
the makai side of the canal. The floodwall height discrepancy produces easily
anticipatable results of significant stormwater overflow around the Ala Wai Canal (U.S.
Army Corps of Engineers, 2023). Dr. Amarijit Singh, a Professor of Civil, Environmental,
and Construction Engineering at the University of Hawaii, suggests a practical solution
that evaluates excavation of the Ala Wai Canal along with the expansion of floodwalls.
His approach theoretically provides the same expanded capacity as the construction of
floodwalls alone would provide but aims to preserve the visual appeal of the Ala Wai
Canal.

A 5-step proposal was put forward by Michael Elhoff of Hawaii Engineering Services,
LLC. The proposal includes pumping in seawater to the canal, pumping down canal
water levels in anticipation of stormwater, invasive species control in the upper portion
of the Al Wai Watershed, and dredging the canal down to 15-25-foot depth. The plan
also calls for utilization of detention basins in Manoa and at the Ala Wai Golf Course
(eahawaiil902, 2021). Elhoff studied the U.S. Army Corps of Engineers' plans and,
along with his engineering background, developed a practical solution for the
watershed.

Oceanit, a local scientific consulting company developed a community driven proposal
aimed at reducing water buildup upstream of the Ala Wai Canal. The Subsurface
Watershed Inundation Flow Technology (SWIFT) proposal is a simple design concept
that includes two underground tunnels running from the Manoa and Palolo Valleys out
to the ocean (Oceanit, 2020). According to Jeff Herzog, USACE Project Manager for the
Ala Wai Flood Mitigation Project, the proposal has potential to be implemented as a
piece of a larger flood mitigation system that encompasses the entire Ala Wali
Watershed but cost concerns for the proposal put its feasibility in question.
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3.2.2 U.S. Army Corps of EngineersoPlan

The U.S. Army Corps of Engineers (USACE) has been involved with flood risk
mitigation for the Ala Wai Watershed for the past two decades. According to the
General Reevaluation Report with Integrated Supplemental Environmental Impact
Statement (U.S. Army Corps of Engineers, 2023), the planning efforts commenced in
September 1998 with the Ala Wai Flood Study under the Planning Assistance to States
(PAS) Program. The program was initiated to address flood risks in the Waikiki area and
was completed in 1999.

Simultaneously, in 1999, the Hawaii Department of Land and Natural Resources
(DLNR) requested USACE's collaboration to develop a management and restoration
plan for the Ala Wai Canal and its upstream tributaries, leading to a Reconnaissance
Report in August 1999 which recommended further USACE involvement. In 2001, a
Feasibility Cost Share Agreement (FCSA) was executed between USACE and DLNR.
The scope of the study broadened significantly following the 2004 Manoa Stream flood,
which caused extensive damage, emphasizing the need for comprehensive flood
management solutions.

In response to the 2004 flooding, the United StatesDe par t ment o f(USBA)r i cul t
Natural Resources Conservation Service initiated the Manoa Watershed Project in

2006, which provided critical hydraulic modeling data. This data was incorporated into

the Ala Wai Canal Flood Risk Management Feasibility Study, which resumed in 2007,

updating the technical data for the entire watershed. Following a 2012 meeting, the
projectbs goals were realigned to remove ecos
and instead focus solely on flood risk management.

The Feasibility Study concluded in 2017, with a recommendation to move forward with
the project's design and construction phase (USACE, 2017). However, the 2020
Engineering Documentation Report (EDR) identified necessary technical modifications,
and the 2021 Validation Report raised concerns about the cost-effectiveness of these
modifications, prompting the initiation of the General Reevaluation Report (GRR) to
reassess the feasibility and economic justification of the project (USACE, 2020).

224 different management proposals aimed at addressing the objectives of the Ala Wai
Flood Risk Management Project were raised by the USACE and the public. The
measures were analyzed by the USACEG &am, and engineering judgement
determined which of the measures would be selected for further evaluation. Of the 224
proposals, about 200 of them were suggested by the public (Honolulu.gov, 2022). The
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USACE evaluated each of the proposals, and 30 of the management measures were
initially integrated into the USACEG®G plans (City and County of Honolulu - Department of
Design and Construction, 2023).

Through these extensive studies (Figure9), t he USACEOGs prisj ect has
approach, reflecting the changing priorities and expanded understanding of the

challenges within the Ala Wai Watershed. The extensive studies performed on the topic

are continuing, with the Preconstruction Engineering and Design (PED) phase to be

completed in the future.

U.S. Army Corps of Engineers Report Timeline
USDA Manoa
Watershed Project
launches
Feasibility Cost Study
Ala Wai Flood Study executed between Feasibility Study General Reevaluatid
initiated USACE and DLNR = & F &S iitigted
Reconnaissance Report 02 YL S UsRkRxz / %uxj)é Ehor
recommends USACE Report published
collaboration Validation Report raises
| costeffectiveness concern
I >
1998 2001 2006 2017 2023
DLNR requests Manoa Stream flood Engineering
assistance for broadens study scope Documentation Report
management and ) . . provides technical
restoration plan Ala Wai Flood Study Ala Wai Flood R.'S.kt.) modifications
completed Management Feasibility
Study resumes

Figure 9 - USACE Documentation and Reports Timeline (2024)
3.3 Global Flood Mitigation Projects

There are many different strategies involved for flood mitigation worldwide. Each
situation requires a unique approach, depending on the circumstances. Some areas,
such as Hawaii, contain space restrictions. Others have their own challenges, such as
in the Netherlands, where a significant portion of the country is situated below sea level
(Rahman et al., 2022). Challenges can arise when retrofitting an aging canal system to
meet existing needs. In the case of the Baltic Canal project, sea levels in the region
have risen at twice the global average over the past century (Tanenbaum, 2024). The
Baltic Canal project successfully addresses these challenges, transforming a century-
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old canal system into a modern solution that addresses flood risks and pollution, while
accommodating for the accelerated rate of rising sea levels in the area (Insider NJ,
2024). Technological advancements have provided unique opportunities, such as the
implementation of a dynamic water level monitoring system as seen in Glasgow,
Scotland. The system uses automated sluice gates to lower canal water levels to
acceptable levels in anticipation of incoming stormwater (Hay-Smith, 2022). The
automated sluice gates in the Glasgow Canal are conceptually similar to those
proposed by the Blue Ala Wai Canal Foundation, where gate operation is designed to
function in unison with tidal shifts (Blue Ala Wai Canal Foundation, n.d.). Other
situations require a more traditional approach, retrofitting the system in place, such as
widening or deepening a canal to increase capacity. Old systems can integrate new
technologies and a more scientific approach, as seen in New Orleans, where
geotechnical studies have highlighted the critical role of soil properties in levee
construction (Dunbar & Britsch, 2008). In addition to soil importance, technical
advancements like the use of armored levees provide modern improvements to this
traditional flood mitigation technique (USACE, 2018).

Hawaii must account for the challenges that are unique to Hawaii. Space is limited on
the island of Oahu. The Ala Wai Watershed features steep, mountainous topography,
and heavily populated areas. While there is opportunity to look globally at flood
mitigation technologies and solutions, the problem must still be solved with a solution
unique to Hawaii. Utilization of the ocean, our largest space resource, is paramount to
any solution selected (POAWW, n.d.). A scientific look at the inflows and outflows of the
canal is necessary, as pointed out by Dr. Luciano Minerbi (U.S. Army Corps of
Engineers, 2023).

3.4 Environmental Aspects

The Ala Wai Canal has long been a subject of environmental concerns, which have only
grown as awareness and scientific sampling processes have improved. Even the
conception of the canal was partly driven by concerns over water quality in the
marshlands that once dominated the Waikiki area prior to its construction. The canal
was originally built to drain these marshlands and make way for future urban
development. Today, the canal faces significant environmental challenges due to
urbanization, which has created a twofold problem. Not only has urbanization led to
increased pollution from sediments, chemicals, and heavy metals associated with
human activity, but it has also removed the natural filtration systems that once helped to
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mitigate these pollutants. The loss of wetlands and vegetation has compounded the
environmental strain on the canal, making its pollution issues even more severe.

Rainfall within the Ala Wai Watershed carries sediment and pollutants alike into the Ala
Wai Canal system where it eventually makes its way into the surrounding ocean.
Studies by Bullington et al. (2022) and Hoffman (2019) highlight the significant impact of
rainfall on the Ala Wai Canal's water quality, with rainfall reducing salinity and
contributing to increased concentrations of the harmful bacteria, Vibrio Vulnificus, along
with elevated levels of chlorophyll-a and turbidity. These findings demonstrate that
rainwater flowing through the urbanized environments surrounding the canal gathers
pollutants from roads, vehicles, and other sources, facilitating the mobilization of these
contaminants into the waterway. Furthermore, concerns over total nitrogen (TN) and
total phosphorus (TP) were raised in the 2002 study adopted by the Hawaii Department
of Health (U.S. Environmental Protection Agency, Region 9 and Hawaii Department of
Health, 2002). The elevated levels of TN and TP are concerning due to their role in
promoting algae growth, causing odors, and posing potential health concerns for both
people and aquatic life.

In addition to pollution, sediment accumulation within the canal presents another
significant challenge for the Ala Wai Canal. When sediment is deposited into the canal,
it begins to build up over time, gradually deteriorating the canal's floor bed depth, which
in turn reduces its overall water capacity. This deterioration of canal depth necessitates
ongoing maintenance to remove the sediment buildup through expensive and intricate
dredging operations. When analyzing suspended sediment contributions from both the
Makiki and Pukele streams, the Pukele stream was found to deposit sediment into the
Ala Wai Canal at a higher rate (Fong et al., 2024). The Pukele Stream feeds into the
Palolo Stream, resulting in increased turbidity and sedimentation at the eastern end of
the Ala Wai Canal, where the Manoa-Palolo Canal converges with the Ala Wai Canal.
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Chapter 4: Problems and Engineering Challenges Associated with
the Ala Wai Watershed

4.1 Introduction

The Ala Wai Watershed contains many unique challenges. There are three main
streams feeding the canal, each presenting its own set of engineering problems. The
key engineering challenges associated with the Ala Wai Watershed include but are not
limited to the following:

Flood Risks

Steep Topography

Canal Flow

Urbanized Landscape

Aging Infrastructure
Sedimentation

Invasive Species and Corrosion
Environmental Impacts

Traffic Congestion

Restoration and Management

= =42 =4 4 -4 -4 5 -5 -5 -2

The lower portion of the Ala Wai Watershed is densely populated, and because of this,

flooding at the base of the watershed will impact large numbers of people. Oahu is a

small island and space restrictions are severely limiting to potential solutions. Given the

existing land limitations, it is essential to explore how the ocean can be utilized for

potential solutions to mitigate the flood risks associated with the Ala Wai Watershed.

The Kodol au Mount ai n Ra remtepography,evhich creates er i z e d
intense gravitational flow of stormwater during rain events. The Ala Wai Canal was

constructed in the 1920s, and the engineering technologies associated with it are now

nearly a century old. The landscape and urban environment have dramatically changed

since its initial construction. Space restrictions, which were already a concern during the

canal's early development, have intensified due to urbanization and population growth.

Over the past century, Waikiki and the surrounding areas have expanded significantly,

with the population growing nearly tenfold (Uni ver sity of Hawai i at
2024). This development has not only increased pressure on the existing infrastructure

but also limited the available space for essential upgrades and flood mitigation efforts.
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4.2 Flood Risks

Flood risks represent the most significant challenge associated with the Ala Wai
Watershed. The Ala Wai Canal is susceptible to overtopping from stormwater following
rain events. The entire area surrounding the canal is vulnerable to flooding and an
extreme flood event will threaten the existence of Waikiki. The original design included
two outlets for the canal, but the second outlet was abandoned during the initial
construction of the canal and magnified many of the flood related concerns that exist
with the canal today. According to the Ala Wai Canal Watershed Water Quality
Improvement Project, a 100-year flood has an estimated peak discharge of 22,400
cubic feet per second (CFS), about four times greater than the estimate canal capacity
of 5,200 CFS, which equates to a 10-year flood (Dashiell, Harrigan, & Ho, 1998).
However, as pointed out by Dave Watase, a civil engineer and community activist, the
flood risks facing the Ala Wai Watershed could be severely overstated based on the
U.S. Army Corps of Engineersémodeling. Watase noted that since the inception of the
Ala Wai Canal, no event has occurred that corresponds to the 10-year flood model
presented by the USACE in their 2017 Flood Risk Management Study (Figure 10),
which depicts severe flooding throughout the lower portion of the Ala Wai Watershed
(UHManoaEthnicStudies, 2022). The modeling has since been updated and now more
accurately reflects the observations made by Dave Watase.

Beyond concerns of flooding around the canal, the entire watershed has vulnerabilities.
The Manoa Stream runs directly adjacent to several University of Hawaii structures. The
stream runs directly behind the Imin International Conference Center and weaves
throughout the eastern portion of the campus. In addition to the University of Hawalii,
additional areas of potential flood impact further downstream include the Ala Wai
Elementary and lolani school campuses.
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Final EIS

Appendix A
Page 161
10-year Flood

- — — Without Project Conditions
10% Annual Exceedance Probabil
Flooded Area Map

Figure 10 - 10-year Flood Model from USACEG6 2017 Flood Risk Management

Study EIS (Retrieved from personal communication with D. Luciano Minerbi,

October 23, 2024)
According to the U.S. Army Corps of Engineers (USACE, 1994), an essential
component of flood risk management is the control of the floodplain, which can be
achieved by restricting development in flood-prone areas. Restrictions are implemented
through measures such as land-use ordinances, zoning laws, and building codes.
These strategies are part of the non-structural solutions that are designed to decrease
future damage by reducing vulnerability to flood events. In highly urbanized areas like
Waikiki, where significant development has already taken place, opportunities for
traditional floodplain management are limited. Effective floodplain management requires
proactive action. The USACE (1995) recommends the use of risk-based analysis to
evaluate both the likelihood of flood events and the economic impacts of potential
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damages, allowing decision-makers to prioritize flood mitigation strategies that provide
the greatest benefits for the cost.

Additional flood risk management strategies outlined in the USACE Engineering and
Design Flood-Runoff Analysis (1994) include the use of detailed hydraulic modeling to
accurately delineate potential floodplains and the application of probabilistic statistics to
assess the frequency and severity of flood events. These tools help engineers better
understand the flood risk landscape and guide the design and implementation of
effective mitigation measures. The USACE (1994) outlines several tools for reducing
flood risks, including construction of levees and floodwalls to protect against floods of
varying intensities based on the target design (100-year flood). Among structural
solutions, the USACE recommends Channel modifications to improve water flow and
manage sediment buildup. Additional hydraulic control measures include bypass or
diversion structures, pumps, and controlled release of upstream runoff. Utilization of
these tools can be especially crucial during peak stormwater flow.

Flood mitigation measures are necessary to protect the Ala Wai Watershed from
catastrophic water damage. The lower portions of the watershed are especially at risk
due to the rapid accumulation of water that naturally occurs near the bottom of the
Makiki, Manoa, and Palolo Valleys. Since the canal was not originally designed for flood
control, a revised approach is necessary to address the future of the Ala Wai Canal.

4.2.1 Rising Sea Levels and King Tides

Long-term sea level rise is another factor that must be considered with any solution to
the flood risk problems for the Ala Wai Canal. According to the United States Army
Corps of Engineers (2023), the sea level in Honolulu is rising at a rate of 1.5 millimeters
per year or about 15 centimeters in a 100-year period in the Honolulu Harbor. Based on
this data, sea level rise (SLR) is a potential long-term concern that could compound
flood risks over time but is not an immediate issue. The National Oceanic and
Atmospheric Administration (NOAA) has been studying the sea-level rise in Honolulu
since 1905 and although data has fluctuated over time, the data shows a clear trend in
rising sea levels (Figure 11), estimated by NOAA to be rising at a rate between 1.34 and
1.74 millimeters per year, with a 95% confidence level (NOAA, n.d.).
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Figure 11 - Honolulu Sea Level Variation (NOAA, n.d.)

While the rate of sea level rise (SLR) and its derivative are subject to varying opinions, a
historical perspective can provide valuable context. Figure 12 shows mean sea level

fluctuations for the past 140 thousand years and suggests that sea level and

temperature fluctuations are likely cyclical. Additionally, with data available from such a
large sample size, analyzing smaller sample sizes, such as a 100-year trend, should
result in conclusions that are relatively short-term in nature. To truly analyze long-term
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Figure 12 - Long-term Data for Global Climate and Mean Sea Levels (NOAA, retrieved from
Wikipedia Commons, 2006)
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SLR and create accurate predictions, data involving larger sample sizes are the most
critical and cannot be ignored.

To provide further perspective on sea level fluctuation, the most recent 24,000 years of
sea level data can be examined (Figure 13). Beginning around 20,000 years ago, for a
period of 15,000 years, sea level rose approximately 125-meters. This 24,000-year
chart highlights a flattening of the sea level rise slope in the most recent 7,000-year
period, suggesting the most recent upward trend could be nearing its peak. According to
Figure 13, the sea level has risen about 5 meters in the last 7,000 years, averaging
approximately 7 cm per 100-year period.
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Figure 13 - Sea Level Fluctuation for the Most Recent 24,000 Years (Modified from Unknown Author, Retrieved from
Wikipedia Commons, n.d.)

In addition to fluctuating sea levels, the canal is subject to overtopping during king tides.

King tides are characterized as the highest predicted tides for a given area for the year

and normally occur once or twice a year (U.S. Environmental Protection Agency, 2011).

Although the canal works as a drainage system for water from the upstream areas of

the Ala Wai Watershed, it is susceptible to overtopping during extreme tides. The tidal

push is enough to raise the canal water level beyond its capacity in certain vulnerable

areas, notably on the mauka side of the ca n a | (University of Hawai 0i
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Program, 2018). The combination of extreme tides, mixed with severe rainfall in the
watershed produces a significant flooding threat. Figure 14 highlights the vulnerability of
the mauka side of the Ala Wai Canal during high tide, while the makai side remained
unaffected during the same tidal shift. Additionally, tidal flooding could reasonably be
expected to worsen over time, if SLR continues its existing 15cm per 100-year pace
(Palmer, 2021). Although tidal flooding is not the main flood risk associated with the
canal, it can compound the existing capacity problem facing the Ala Wai Canal.

Height in feet (MLLW)

03:00 06:00

— Water Levels — Predictions

Figure 14 - Ala Wai Canal Mauka Side High Tide Overtopping October 23, 2024 (Modified from NOAA, n.d.; Beebe,
2024)

4.2.2 Induced Flooding

Floodwalls around waterways are typically installed to mitigate flooding, but they can
also have unintended consequences. While floodwalls effectively redirect water, this
redirection can place a burden on other areas of the system. If these areas are not
equipped to handle the increased water capacity, flooding can occur, thereby redirecting
the flood, rather than eliminating the risk altogether. When floodwalls successfully
remove flood risks from the designated area but cause flooding elsewhere, this is
referred to as induced flooding. Liability comes into question with the redirection of
floodwaters. When areas that were previously not at risk are subsequently put at risk
due to actions such as floodwall construction, the question arises as to whether the
installation directly caused flooding in zones that were otherwise unaffected. The case
of Ideker Farms v. The United States sets precedent in such a scenario, as the
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government was deemed liable for property damage caused by induced flooding. The
United States Army Corps of Engineers (USACE), as part of the Missouri River
Recovery Program (MRRP), implemented a series of modifications to the Missouri River
that created shallower water environments. The changes in water depth led to increases
in both the frequency and severity of flooding in the area, directly impacting nearby
landowners (United States Court of Appeals for the Federal Circuit, 2023).

Induced flooding must be thoroughly analyzed when considering potential solutions. For
instance, floodwalls cannot be constructed without comprehensive studies on the
hydrological impacts they may cause. This not only raises liability concerns but also the
risk of worsening the existing problem, potentially creating more severe flooding issues
than those currently present.

4.2.3 Natural Disasters

With the Ala Wai Canal and the ocean closely connected, challenges affecting the
ocean also pose risks for the Ala Wai Canal. Tsunamis and hurricanes cause adverse
ocean conditions that can directly impact the Ala Wai Canal. Tsunamis are caused by
earthquakes and volcanic eruptions taking place in the ocean. When these activities
happen, it can cause a series of long ocean waves surging towards the coast. These
waves work to create a rapid tide-rise effect, with water filling in like a river, rather than
typical crashing ocean waves (City and County of Honolulu, Department of Emergency
Management, n.d.). Like stormwater flow from rain events upstream of the Ala Wai
Canal, tsunamis threaten the Waikiki area by rapidly increasing the water volume in the
canal, presenting overtopping and flooding risks to the lower portion of the Ala Wai
Watershed. Figure 15 shows the Waikiki tsunami evacuation map, separated by threat
severity. The Tsunami evacuation map highlights the flooding vulnerability of the mauka
side of the canal and demonstrates the water travel route upstream in the Ala Wai
Canal. Although the tsunami activity differs from stormwater flooding, the evacuation
map offers valuable insight into at-risk areas. The map projects where the most severe
flooding would occur and can be linked to overtopping from the Ala Wai Canal.
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Figure 15 - Tsunami Evacuation Map for Waikiki (Modified from the City and County of Honolulu, Department of
Emergency Management, n.d.)

As demonstrated by Hurricane Iniki in 1992, a Category 4 storm with winds up to 145
mph, the Ala Wai Canal is also vulnerable to extreme oceanic events. Hurricane Iniki
was the strongest hurricane ever recorded to hit Hawaii. The storm surge from
Hurricane Iniki caused overtopping of the Ala Wai Canal and displays yet another way
the Ala Wai Canal is susceptible to overtopping. Iniki killed 6 people and caused an
estimated $1.8 Billion in damages (Hawaii News Now, n.d.). Hurricanes bring severe
weather, including high winds and storm surges, and are categorized on a scale from 1
to 5 based on their sustained wind speeds. Category 1 hurricanes start at 74 mph
sustained winds, and on the other end of the spectrum, Category 5 hurricanes have
sustained winds of 157 mph or greater (National Hurricane Center, n.d.).

4.3 Topography

The unique topography of the Ala Wai Watershed plays a critical role in the

environmental and flooding challenges the area faces today. As outlined in the

Hawaiian Seascapes and Landscapes study (Meilleur, 2019), the steep slopes of the

Kodol au Mountain Range create a dramatic | and

David Beebe | UNIVERSITY OF HAWAII 30



Integrated Proposal for the Ala Wai Watershed

fl ows downhill, converging i ntdManhdaeMakkiat er shed
and Palolo. This terrain, combined with Hawaii's tropical climate, creates extreme
stormwater runoff that intensifies downstream flood risks. With the rapid changes in
elevation, from high mountain summits to coastal lowlands, distinct microclimates
develop in response to these variations. The steep elevation decline, ranging from
approximately 3,000 feet at the peak of the watershed to around 300 feet above sea
level at the base, creates a hydraulic funnel-like effect. Due to Hawaii's typically flashy
storm characteristics, this funnel effect creates bottlenecks and capacity issues at the
base of the mountains, as the accelerated flow intensifies. According to the U.S. Army
Corps of Engineers (USACE), storms in the area tend to originate in the mountainous
regions, causing intense runoff that reaches peak flow within approximately 30 minutes
(U.S. Army Corps of Engineers, 2020). These sudden, high-velocity flood events,
typically lasting 24 hours or less, pose serious threats to life and property, especially in
the lower portions of the watershed where water accumulates, straining infrastructure at
bottlenecks and across the entire system.

4.4 Canal Flow

Due to the interconnectivity between the canal and the ocean, the flow rate of the Ala
Wai Canal varies with tidal shifts. The canal can accommodate a maximum of
approximately 5,200 cubic feet per second (cfs) of incoming stormwater at a velocity of
one foot per second (Dashiell, Harrigan, & Ho, 1998). Since one cubic foot per second
is equivalent to about 646,000 gallons per day, this capacity translates to roughly 3.4
billion gallons of stormwater inflow per day.

Table 1 shows projected peak flows for the Ala Wai Canal during a 1% Annual
Exceedance Probability (AEP) event. With a peak flow discharge of approximately
18,500 cfs for such an event, and the canal's capacity of 5,200 cfs, the excess flow can
be calculated as 13,300 cfs, or roughly 8.5 billion gallons per day (USACE, 2023)?.

To manage the excess water associated with a 1% AEP event, modifications to the
existing canal are necessary. Potential modifications could include deepening channels,
installing pumps, erecting floodwalls, or implementing a combination of these measures.

1 1cfs is equivalent to 646,000 gallons per day. 13,300 cfs x 646,000 gallons per day = 8.5 billion gallons
in a day.
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Table 1 - Projected Peak Flows for 1% AEP Event in the Ala Wai Canal (Modified from
USACE, 2023)

Ala Wai Canal Peak flow discharge (cfs)
Percent Chance Exceedance 1%
HEC-HMS 17,700
Plate 6 22,500
FEMA 28,200
Weighted 22,300
FINAL 18,500

4.5 Urbanization

As the Waikiki landscape has evolved, residential and commercial developments have
rapidly fueled the growth of both population and tourism in the area. Homes and
businesses are densely organized from the Kobd
Waikiki. As outlined in the U.S. Army Corps of Engineers' Engineering and Design
Flood-Runoff Analysis (1994), a crucial aspect of flood risk management is control of
development within the floodplain. In Waikiki, significant development has already
occurred, making traditional floodplain management more challenging. The extensive
urbanization within the Ala Wai Watershed also makes flood management, as well as
the expansion or modification of the Ala Wai Canal, increasingly challenging. The City
and County of Honolulu has seen its population increase from 123,496 in 1920, around
the time construction on the canal began, to over a million people as of 2020 (University
of Hawaii at Manoa Library, n.d.).

While the upper portion of the Ala Wai Watershed is a protected as part of the Honolulu
Watershed Forest Reserve in the Conservation District (Aglibot, 2017), The remainder
of the Watershed is now surrounded by urban development. This development makes
modifications to the canal much more difficult. Not only is empty land now scarcer than
ever, but also land ownership is much more diverse than when the canal was
constructed. Modifications to the canal as we know it today would require exponentially
more difficult land acquisition processes. The government can obtain lands through
eminent domain, a process that allows the government to acquire land from private
ownership in exchange for just compensation. Eminent domain, however, can be a
lengthy, expensive process, and oftentimes results in litigation.
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4.6 Retrofit

One of the unique challenges Hawaii faces is dealing with a man-made canal that was
designed and constructed using the engineerin
hindsight, the canal could have been dredged deeper initially to increase the water

capacity within the canal. The use of floodwalls and engineered levees could have

provided additional safeguarding against flood risks. The landscape of Waikiki and the

surrounding area was much more open at the time of the construction, allowing for more

freedom with the design, and the potential to add additional water storage features into

the canal system.

To dredge the Ala Wai Canal today, contractors must manage the existing water in the
canal, which requires a complex operation. Dredging is an inefficient process compared
to excavating dry soil. Saturated soil escapes the dredging machinery alongside the
water that accompanies it, meaning that with each attempt, less soil is removed.
Additionally, the machinery must fight the water resistance during each cycle. Both
excavation and dredging operations require adequate space to operate. For a water
operation, this often involves using one barge for the machinery and another for storing
the soil.

Dredging the canal to increase capacity presents the challenge of either preserving the
existing walls during the process or completely removing and replacing them with new
walls. The existing canal walls were constructed in 1934 and repaired in 1949 (National
Park Service, U.S. Department of the Interior, 2023). The walls are a concern for any
future renovation. The U.S. Army Corps of Engineers has expressed this concern and is
a reason for the consideration of building wall extensions above the existing walls,
rather than focusing on dredging the canal deeper (Dr. L. Minerbi, personal
communication, October 23, 2024).

4.7 Sedimentation

Maintaining the intended canal depth is crucial for preserving canal capacity and
ensuring its continued functionality. Canals require ongoing monitoring and
management of sediment accumulation to prevent the loss of depth over time (Federal
Emergency Management Agency, 2021). In the case of the Ala Wai Canal, sediment
buildup has been intensified by the removal of natural filtration systems, making regular
dredging operations necessary to maintain proper depth levels. As sediment settles at
the bottom of the streams and in the Ala Wai Canal, the depth of these waterways is
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reduced. A reduction in depth leads to diminished canal capacity, which in turn

compromi ses the canal Orisks eféctively. Thg AlaVdai Ganak i gat e f
experiences a sedimentation rate of approximately 10,300 cubic yards (CYD) per year

(USACE, 2023). In the absence of ongoing maintenance dredging, and given the rate of
sedimentation, the canal would fill completely due to sedimentation in about 50 years

(Dashiell, Harrigan, & Ho, 1998).

Without modifications to the existing canal system, ongoing dredging operations will

remain necessary to maintain the canal 6s dept
transported from the mountains into the streams, eventually making its way into the Ala

Wai Canal. Once in the canal, the reduced slope, combined with gravitational forces

and the canal s relatively sl ow pnoatbrachingl ow, a
the Ala Wai Harbor. The sediment that settles in the canal is of the fine variety, as it

gets suspended in the water flow and does not settle as quickly as larger particle

sediments.

4.8 Invasive Species and Corrosion

According to the USACE, invasive plant and animal species throughout the watershed
create significant management challenges (USACE, 2023). The presence of feral pigs,
mongooses, and various invasive plant species contribute to forest degradation,
reducingt he watershedés natural flood defense mec
weaken the soil structure, including in some cases uprooting plants and small trees,
leading to increased erosion. For example, feral pigs will uproot trees to build nests in
preparation for giving birth (Invasive Species Centre, n.d.). This erosion not only
reduces water capacity by accumulating sediment at the bottom of streams and in the
canal but also increases turbidity levels, negatively affecting water quality. Restoring
vegetation in the watershed can enhance its ability to intercept rainfall, thus reducing
peak runoff flows into streams and ultimately, the canal.

Management techniques to control invasive animal species include the use of fencing
and would aim towards forest restoration and hydrology improvement through natural
absorption (Tep & Gaines, 2003). According to Michael Elhoff of Hawaii Engineering
Services, LLC, addressing the invasive species problem facing the watershed should be
the first action taken. Elhoff proposes the use of fencing and removal of feral pig
species from the watershed, citing it as the most beneficial short-term action available
for flood control in the Ala Wai Watershed (eahawaiil902, 2021). Addressing the
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sedimentation issue at the root cause upstream can reduce the frequency of ongoing
dredging efforts that are required to maintain canal depth and capacity.

4.9 Environmental Impacts
4.9.1 Background

Environmental challenges associated with the Ala Wai Canal have intensified due to the

ongoing urbanization of the land surrounding the Ala Wai Watershed. Over time, natural

filtration systems, such as soil and vegetation, have been removed to accommodate the

continued development of the Manoa, Makiki, and Palolo Valley areas, as well as

Waikiki at the base of the watershed. This removal has created a largely non-absorbent
environment, where much of the watershed's natural soil has been replaced with

concret e and asphalt to support urban growth. As
rainfall has significantly diminished. Instead of being absorbed and naturally filtered by

the soil, rainfall now flows directly into developed infrastructure, often ending up in the

Ala Wai Canal system, contributing to both flooding and water quality issues. In addition

to hindering the environmento6és natural abilit
also contributes pollutants to the canal. Rainfall in the Ala Wai Watershed accumulates

in these urbanized areas, carrying contaminants and microparticles from roads and

devel opments, which further degrades the cana

The three main streams feeding the Ala Wai Canal all contain a variety of pollutants.
According to the Hawaii Department of Health, Clean Water Branch (2018), pollutants
such as Ammonium, pesticides, various metals, and even fecal matter were found
during water quality analysis performed on samples obtained at various portions of the
canal. There is also a major concern for specific metals, such as anthropogenic copper,
finding their way into the canal. These metals originate from vehicular emissions, brake
pad wear, and antifouling paint, and enter the system primarily through stormwater
runoff (Knor, 2018). The isotopic analysis of copper, performed by Knor (2018), reveals
that road dust, which contains particles from brake pads and vehicle exhaust, is a major
contributor to this contamination. Storm events play a significant role in mobilizing these
pollutants, washing them from roads and other surfaces into the Ala Wai Canal.

4.9.2 Ala Wai Canal Water Quality

The Pukele stream, a sub stream that feeds into the Palolo stream prior to subsequently
draining into the Ala Wai Canal, was analyzed against the Makiki stream in terms of
suspended sediment contributions. When analyzing suspended sediment contributions
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from both the Makiki and Pukele streams, the Pukele stream was found to be a higher
contributor of sediment into the Ala Wai Canal (Fong et al., 2024). This finding provides
context for prioritization of sediment cleansing. With the alteration of the historical
landscape, the natural sediment filter was destroyed, and existing conditions allow
sediment to flow freely into the canal.

In 2006, the canal served as an emergency sewage drain area to prevent sewage from
backing up into the surrounding buildings. An estimated 48 million gallons of sewage
were discharged into the canal when the 42-inch main sewage line ruptured following
weeks of rain (Venzon, 2007). Although the issue that led to this emergency discharge
has been resolved, the history of such a catastrophic event highlights the importance of
focusing on the Ala Wai Canal's water quality.

The Ala Wai Canal has known pollution and water quality issues. Vibrio Vulnificus, a
harmful, potentially life-threatening bacteria is known to be found in the canal. A study
performed by Bullington et al. (2022) examined the environmental factors influencing
the concentration of Vibrio Vulnificus found in the Ala Wai Canal and found that
concentrations of the bacteria were significantly impacted by rainfall. Rainfall, which
causes reduced salinity in the canal water significantly increased the concentration of
Vibrio Vulnificus. This bacterium is also known to thrive in warm weather environments
and concentrations were shown to increase during the summer months (Bullington et
el., 2022). Similarly, Hoffman (2019) examined the effects of rainfall on water quality
using chlorophyll-a and turbidity as indicators. Chlorophyll-a represents the
concentration of algae, while turbidity measures water cloudiness due to suspended
particles. As with Vibrio Vulnificus, both chlorophyll-a and turbidity levels increase with
rainfall at varying rates.

Additionally, a study by Yang et al. (2008) investigated the presence of polychlorinated
biphenyls (PCBS) in tilapia collected from the Manoa Stream and the Ala Wai Canal,
finding significant levels of contamination. PCBs are known to cause adverse health
effects, including cancer. These contaminants are introduced into the environment
through urban runoff containing industrial materials such as paints, dyes, fuels, and
adhesives. The accumulation of PCBs in tilapia is particularly concerning due to the
food chain effects. Even if the contaminated tilapia are not directly consumed by
humans, larger fish that prey on them can indirectly lead to human exposure further up
the food chain.
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Additional water quality concerns for the Ala Wai Canal include elevated levels of
nitrogen and phosphorus, posing significant environmental threats. High concentrations
of total nitrogen (TN) and total phosphorus (TP) degrade water quality by promoting
algae growth, producing odors, and harming aquatic life (U.S. Environmental Protection
Agency, Region 9 and Hawaii Department of Health, 2002). These elevated nutrient
levels are linked to erosion caused by invasive species throughout the Ala Wai
Watershed. Reducing and managing these nutrients is essential for maintaining the
canal's water quality and preventing further degradation. To comply with the National
Pollutant Discharge System Permit, the City and County of Honolulu assigned TN and
TP reduction targets for the Ala Wai Canal. Management practices implemented include
storm drain maintenance and cleaning operations, monitoring street sweeping activities,
and raising public awareness through initiatives such as volunteer clean-up events (City
and County of Honolulu, 2020). Beginning in 2019, Genki Balls have been placed into
the canal to clean the waterway. Genki Balls are balls made from cured mud and are
loaded with microorganisms designed to eat away at the sludge in the waterway (Genki
Ala Wai Project, n.d.).

In addition to the micro-scale pollution within the canal, larger debris and human
generated dry waste is also a problem. As with the bacteria build-up study performed by
Bullington et al. (2022), the debris build up also increases with rainfall (Figure 16).
Rainfall in the watershed causes increased water flow rates in Ala Wai Canal tributaries.
The rain and accelerated water flow rates increase the collection of loose debris that is
carried into the canal tributaries, before eventually depositing into the canal itself.
Evidence of the increased flow rates is documented in the U.S. Army Corps of
Engineers6(USACE) General Reevaluation Report, Appendix B, which details the
hydrology and hydraulics of the Ala Wai Watershed. According to the Appendix B
(USACE, 2023), flow rates upstream of the McCully Bridge within the Ala Wai Canal
range from 5,740 cubic feet per second (CFS) during a 2-year storm to 13,833 CFS
during a 100-year storm, demonstrating the significant increase in water velocity caused
by the larger volume of water moving through the system.

The longstanding water quality issues facing the Ala Wai Canal are detrimental to the
health of humans and marine life. Recreational activities taking place within the Ala Wai
Canal are dangerous for the participants because of the harmful, polluted waters that
exist. Furthermore, with the canal outlet located at the Ala Wai Harbor, the water quality
of the surrounding beaches ultimately suffers as well. A multi-tiered, long-term approach
is needed to meet the challenges addressing the water quality within the Ala Wai Canal.
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Figure 16 - Water Pollution Upstream of McCully Bridge (2024)

4.10 Transportation

Waikiki, as it is currently designed, was not meant to sustain the existing level of
travelers that it sees today. The Ala Wai Canal creates a distinct split of the mauka and
makai sections of Waikiki. With this body of water separating the Waikiki area, traffic
bridges offer key entrances and exits to the area, but also create bottlenecks for traffic
flow. There are three separate traffic bridge crossings along the Ala Wai Canal,
including McCully Street, Kalakaua Avenue, and Ala Moana Boulevard. Kapahulu
Avenue, located at the southeasternmost end of the canal is separated from McCully
Street by approximately 1.4 miles. As is, there are currently no traffic or pedestrian
bridges between McCully Street and Kapahulu Avenue along the Canal. However, there
are plans to construct a pedestrian bridge along the Ala Wai Canal linking University
Avenue to Ala Wai Boulevard, aligned with Kalaimoku Street (Figure 17). Construction
of the pedestrian bridge is scheduled to begin during the 2024/2025 Winter season (City
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and County of Honolulu, n.d.). While the pedestrian bridge will help close the gap
between McCully Street and Kapahulu Avenue for pedestrians, it does not provide any
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Figure 17 - Ala Wai Canal University Avenue Pedestrian Bridge Rendering (City and County of Honolulu, n.d.)

traffic relief between the two streets. The bridge will provide access to Waikiki for an
estimated 18,000 residents who live within a 20-minute walk or bike ride of the area.
According to the City and County of Honolulu Ala Pono Study (Table 2), more than
52,000 daily car and motorcycle trips crossing the Ala Wai Canal come from within a 2-
mile radius of Waikiki (City and County of Honolulu, 2019).

Dr. Amarijit Singh, Professor of Civil, Environmental, and Construction Engineering at
the University of Hawalii, highlighted the missed opportunity of constructing a
pedestrian-only bridge, rather than a multi-use bridge accommodating automobile traffic
(Dr. A. Singh, personal communication, October 28, 2024). In the existing landscape, all
three traffic crossings for the Ala Wai Canal are separated by roughly a half mile. Entry
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to and from the Waikiki area requires usage of one of the three closely separated
bridges on the Ala Wai Harbor side of Waikiki, or entry using Kapahulu Avenue from the
southern end of Walikiki. The middle of the Ala Wai Canal is completely void of vehicular
crossing options. As Table 2 shows, more than 90% of the daily trips into and out of the
Waikiki area are by car or motorcycle. Assuming residents will automatically want to
walk or ride a bicycle into Waikiki because of a new bridge is a flawed assumption. The
distance between the existing McCully Bridge and the future University Avenue
pedestrian bridge is only 2,000 feet. The data clearly shows car and motorcycle
crossings are by far the most common method for travel into and out of the Waikiki
area. Given this data, the opportunity to create a multi-functional bridge that
accommodates vehicular travel has been missed.

Table 2 - 2017, 2018 Bridge Travel Across the Ala Wai Canal (Modified from City and County of Honolulu, 2019)

Stafistic McCully St Kalakaua Ave Ala Moana Blvd acg:;’::‘r‘::l :ﬁhe
Bridge Bridge Bridge canal (o bridge]

Average Daily Trips 75,000 74,000 75,000 39,000
Percent of Daily Trips By
Bike / Walking 4% 5% 6% Th
Percent of Daily Trips By 96% 95% 94% 93%
Car / Motorcycle
Percent of Trips Within 2 0 0 0 0
Mile Bikeshed of Waikiki 19% 23% 17% 0%
Car / Motorcycle Trips
Within 2 Mile Bikeshed of 13,000 16,500 12,000 11,000
Waikiki

4.11 Restoration and Management Efforts

Initially, the Ala Wai Canal did not have the rock walls that are present today. Entry to
the Ala Wai Canal was a more natural, sloping landscape. In 1934, lava rock walls were
constructed and then subsequently repaired and rebuilt from 1949-1954 (National Park
Service, U.S. Department of the Interior, 2023).
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In 2019, the State Department of Land and Natural Resources (DLNR) began a
dredging operation and wall repair project for the Ala Wai Canal. The project removed
an estimated 186,000 cubic yards (CYD) of material from 5 different sections of the Ala
Wai Canal (Figure 18), digging up to 12 feet beneath the surface (DLNR, 2019). The
primary objectives of the proj etcahsponter e
stormwater and reduce flood risks. Secondary effects of the project included aesthetic
improvement to the canal and increase usability of the canal for recreational purposes.
Dredging operations involved the use of multiple barges used to store both dredging
equipment and excavated materials. In addition to the standard waterborne dredging
operations necessary for the canal, coordination with Hawaiian Electric was required to
remove and reinstall underground electric cables that are buried beneath the canal,
adding to the scope and timeline of the project. The cables beneath the Ala Wai Canal
were first installed in 1956 and aimed at providing Waikiki with expanded power
capacity (Hawaiian Electric, n.d.). Beyond the dredging operations, the 2019 DLNR
project also repaired two sections of wall: one between Kalakaua Avenue and McCully
Street, and the other adjacent to Ala Wai Community Park.
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Figure 18 - Dredging Map (Modified from Hawaii Department of Land and Natural Resources, 2019)

The Ala Wai Canal was originally designed to sustain depth levels of 10 to 12 feet, but
because of sedimentation, the canal requires ongoing maintenance dredging, and some
areas remain in the 4 to 6 feet depth range (Dingeman, 2021). Prior to the 2019
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dredging project, the canal underwent another maintenance dredging project in 2002,
displaying the ongoing efforts required to maintain the canal depth. These DLNR
operations are not only complicated in nature, but also intrusive for residents. Wall
repairs caused sidewalk closures and dredging operations are noisy. Complaints were
made in 2020 about noise from dredging operations lasting well into the night. The
DLNR had expanded their hours to stay on schedule, but scaled back following the
noise complaints (Solina, 2020). Altogether, the dredging and wall repair projects
completed cost an estimated 21 million dollars (DLNR, 2020).

Maintaining the canal depth is a crucial factor for the water capacity issues facing the

Ala Wai Watershed. Reductions in canal depth reduce capacity for the canal and hinder

the canal s ability to contain incofming storm
flooding. If not consistently dredged, the canal is estimated to fill due to sedimentation

within about 50 years (Dashiell, Harrigan, & Ho, 1998).
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Chapter 5: Laws and Regulations

5.1 Introduction

When the Ala Wai Canal was initially constructed, environmental laws were practically
non-existent. Today, the canal and its surrounding watershed face much stricter

oversight, governed by a range of federal and state laws aimed at protecting both the
environment and public health. Several agencies, including the U.S. Fish and Wildlife
Service (USFWS), the National Marine Fisheries Service (NMFS), and the Hawaii
Department of Health (DOH), now pl ay key roles in managing
rehabilitation, and future development. These agencies ensure that all activities comply
with crucial environmental regulations such as the Endangered Species Act (ESA), the
Clean Water Act (CWA), and the Coastal Zone Management Act (CZMA). Additionally,

the National Environmental Policy Act (NEPA) requires that any major federal projects
undergo a thorough Environmental Impact Statement (EIS) process, which invites public
input and emphasizes environmental responsibility. As a result, entities like the U.S.

Army Corps of Engineers must carefully navigate these regulations to ensure the
protection of Hawaii 6s natural resources.

5.2 Endangered Species and National Environmental Policy Acts

The Endangered Species Act (ESA), passed in 1973, is a key component that comes
into play for any project the U.S. Army Corps of Engineers (USACE) or other agencies
undertake in environmentally sensitive areas, like the Ala Wai Watershed. Under the
ESA, actions carried out by the U.S. Army Corps of Engineers must protect potentially
impacted endangered species. In the USACE Appendix K i Environmental and
Regulatory Compliance of the General Reevaluation Report with Integrated
Supplemental Environmental Impact Statement (2023), critical species such as the
Hawaiian Monk Seal and Green Sea Turtle are listed as endangered species involved in
the Ala Wai Watershed project, among others. The ESA goes beyond animal protection
and includes plant species as well. In Appendix K, the USACE evaluates potential
impacts to each species and provides protective measures to mitigate the risks
associated with each species. Strategies are discussed and implemented with the help
of agencies such as the National Marine Fisheries Service (NMFS).

The National Environmental Policy Act (NEPA), enacted in 1969, serves a similar
purpose as the Endangered Species Act, but aims to protect the environment rather
than focusing solely on wildlife and plants. NEPA requires federal agencies, such as the
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USACE, to evaluate the environmental impacts of their proposed actions. In the case of
the Ala Wai Watershed project, NEPA mandates that the U.S. Army Corps of Engineers
assess how the project may affect not only the local wildlife and plants, but also air and
water quality, land use, and public health. Environmental assessments are required to
examine direct and indirect impacts, ensuring all environmental consequences are
considered.

According to the USACE Appendix KT Environmental and Regulatory Compliance of
the General Reevaluation Report with Integrated Supplemental Environmental Impact
Statement (2023), under NEPA and its implementing regulations, all federal agencies
have a duty to assess the impacts of the major actions they propose to undertake and
to consider reasonable alternatives to reduce or eliminate those impacts.

5.3 National Historic Preservation Act (NHPA), Hawaii Revised Statutes
(HRS), Hawaii Environmental Policy Act (HEPA)

Compliance with historical preservation laws is required by any plan prior to
implementation. Three important laws exist regarding the protection of cultural and
historic components that are potentially impacted. The National Historic Preservation
Act(NHPA) requires the United States Army Corps
undergo evaluation on the impacts the project could have on historic properties, per
Title 36 of the Code of Federal Regulations, section 800.3 (2024). Compliance and
mitigation strategies are expected to be satisfied before the project can be
implemented. The Hawaii Revised Statutes (HRS) Chapter 6E works in conjunction with
the National Historic Preservation Act (NHPA), aiming to protect culturally and
historically significant aspects affected by the project. Should unexpected findings be
uncovered, such as skeletal remains, the USACE is required to make notifications to
appropriate agencies. Along with the NHPA and HRS, the Hawaii Environmental Policy
Act (HEPA) requires evaluation of potential cultural impacts through a Cultural Impact
Assessment (CIA).

5.4 Permits and Zoning

Beyond the laws and regulations, the Ala Wai Canal Flood Risk Management Project
needs to follow, the project also requires proper permitting. Permits that will be required
for the completion of the project include a Conservation District Use Permit to comply
with the Coastal Zone Management Act (CZMA), a Stream Channel Alteration Permit,
and a Special Management Area (SMA) Permit. Additionally, a Waikiki Special District
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Permit, a Community Noise Permit, and Grading and Building Permits are required for
the project. As the project evolves, additional permitting may be required based on the
changing demands and scope of the project (USACE, 2023).

The Ala Wai Watershed is subject to various zoning regulations from the City and
County Land Use Ordinances. Objectives for the Diamond Head Zone are id preserve
existing prominent public views and the natural appearance of Diamond Head by
modifying construction projects that would diminish these resources6 ( Amer i can Leg.
Publishing Corporation, 2024). The Waikiki Special District (WSD) Guidelines provide
design principles for development in Waikiki. The guidelines emphasize the
preservation and enhancement of natural and cultural resources, working in conjunction
with the City Land Use Ordinances that the entire city of Honolulu is subject to (City and
County of Honolulu, 2021). The WSD Guidelines are applicable for the lower portion of
the Ala Wai Watershed, extending from the Mauka side of the Ala Wai Canal to the
Pacific Ocean (Figure 19).
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Figure 19 - Waikiki Special District Boundaries Map (Modified from the City and County of Honolulu, Department of
Planning and Permitting, 2021)
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5.5 ldeker Farms v. United States

A recent court ruling on farming interests along the Missouri River, in the court case
Ideker Farms v. United States, could have serious implications for the Ala Wai flood
control project in Honolulu Honoré (2024). The Ideker Farms, Inc. v. United States case
provides precedent for liability from induced flooding. Landowners near the Missouri
River argued that actions taken by the United States Army Corps of Engineers (USACE)
as part of the Missouri River Recovery Program (MRRP) caused changes to the
adjacent floodplains. These changes, intended to restore surrounding habitats and
improve wildlife conditions, unintentionally increased the frequency and intensity of
flooding in the area. As a result, many landowners experienced significant damage to
their properties. The plaintiffs alleged the flooding events effectively took their property
without just compensation under the Fifth Amendment (United States Court of Appeals
for the Federal Circuit, 2023).

The courtés decision supports compensation fo
induced flooding. According to Honoré (2024), this decision could result in as many as

1,300 landowners in the Ala Wai Watershed becoming eligible for similar compensation

i f t he USA C-Hhdaawy planlisonplémeatédl This assessment adds a

potentially significant liability that could drastically increase the cost of the Ala Wai

project. The project is already facing substantial financial and design challenges, with

estimated costs rising from the Engineering Documentation Report (EDR) projection of

376 million dollars (U.S. Army Corps of Engineers, 2020) to the currently projected cost

of 775 million dollars (U.S. Army Corps of Engineers, 2023) for the Tentatively Selected

Plan (TSP).

5.6 Protect Our Ala Wai Watersheds v. Miyahira

In Protect Our Ala Wai Watersheds v. Miyahira, a Hawaii state court issued a ruling in
2019, barring the State from funding a proposed flood management project along the
Ala Wai Watershed until an Environmental Impact Statement (EIS) is accepted. This
court case represented a required change to the process of developing a plan for the
Ala Wai Watershed. Despite the goal of protecting the watershed from flooding due to
stormwater overflow, following this ruling, plans are required to go through
environmental impact assessments before they can receive any state funding (Davis,
2019).
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The case highlights the importance of balancing flood mitigation with environmental
preservation. It also introduces additional barriers for the U.S. Army Corps of Engineers
(USACE) by adding a layer of oversight to ensure solutions for the Ala Wai Watershed
address environmental impact assessments alongside flood mitigation during planning.
This court ruling slows down the planning process, ultimately driving up the price and
increasing flood risks for the Ala Wai Watershed as the community awaits
implementation of a solution. The 2023 USACE General Reevaluation Report (GRR)
was accompanied by an Environmental Impact Statement (EIS), ensuring compliance
with this ruling.

5.7 Conclusion

The process of evaluating a solution requires detailed assessments and compliance
with a litany of regulations. Some of these regulations require additional studies, testing,
reporting, and consultations. For example, the National Environmental Policy Act
(NEPA) and the ruling in the Protect Our Ala Wai Watersheds v. Miyahira case require
completion of thorough Environmental Impact Statements (EIS). These reports are
required to be accepted before projects can be funded at the state level. At the federal
level, the USACE has a duty to consider reasonable alternatives that reduce or
eliminate the negative environmental impacts associated with proposed projects, a
responsibility demonstrated through the development of an EIS. The EIS is a
supplementary document. In the case of the Ala Wai Canal Flood Risk Management
Project, two separate EIS documents have already been prepared and submitted as
part of the 2017 and 2023 USACE major reports submitted for this project. The
regulatory process is a burden on the development of a solution, as valuable time and
money resources are dedicated to ensuring compliance before a solution is even
chosen. The intentions behind all these regulations are well, but the bottom line is they
slow down the project feasibility investigations, planning and ultimately implementation
of a solution. Streamlining the regulatory process is something that could benefit the
entire project. If a solution is not implemented before a disastrous storm, the
environmental consequences could be as detrimental as those anticipated from the
proposed solutions currently under scrutiny.
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Chapter 6: Stakeholders

6.1 Introduction

The public has shown concerns over the potential for catastrophic flooding in the Ala
Wai Watershed, including in Waikiki, and the surrounding areas. In addition to the major
flooding events previously highlighted, flooding following a 2021 rainstorm
demonstrated the impacts that even moderate storms can have, affecting 85 residential
properties within the Ala Wai Watershed (City and County of Honolulu, 2022). The 2021
storm was characterized as a once in 5-year event, moderate by comparison to the
potential that a once in 50- or 100-year event carries.

Economic concerns exist, beyond the threat to life and property. Waikiki is a major
economic engine for the island and substantial damage would not only affect residents'
homes, but also bring potentially crippling impacts to businesses in the area. Walikiki
accounts for roughly 8% of the gross state product and is responsible for 11% of civilian
jobs in the entire state (City and County of Honolulu - Department of Design and
Construction, 2023).

Figure 20 - Ala Wai Canal (2024)
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While the Ala Wai Canal is a manmade feature, it has been around long enough that
nearly the entire population has no recollection of the Waikiki that previously existed.
With this understanding, there is concern for the aesthetic aspects of flood mitigation
renovations. Many view the Ala Wai Canal as a visual asset, providing a peaceful body
of water in the heart of the district (Figure 20).

The U.S. Army Corps of Engineers (USACE) has focused on flood mitigation measures.
The city has been working in combination with the USACE to keep the public updated
and engaged. The City of Honolulu has offered contact options for residents to express
their concerns regarding the canal, and the USACE has held many public events and
presentations, in addition to accepting emails from the public about the project.
Meetings and workshops have been provided, with recordings and presentations
archived and available for public consumption.

While the commitment to public engagement is seemingly a strength for the USACE
proposal, the USACE has not always been as open to incorporating public feedback.
Several stakeholders expressed frustration with the lack of public engagement following
the release of the 2015 Draft Feasibility Study. They felt blindsided by the proposed
project plans, realizing the potential implications of the project, yet were not consulted
prior to the study's release. Stakeholders felt they should have been involved years
earlier (Dr. L. Minerbi, personal communication, October 23, 2024). Several
stakeholders expressed frustration with the project having heavy involvement from
mainland engineers who lack familiarity and local knowledge (USACE, 2023).

Concerns have been voiced over the maintenance of the project following its
completion. The City and County of Honolulu will be responsible for ongoing
maintenance. The USACE will conduct annual inspections of the project features to
ensure their functionality is preserved through ongoing maintenance operations carried
out by the City and County of Honolulu.

62Kamada Ui na

The people of Hawaii are the largest stakeholders. The Ala Wai Canal is an
aesthetically pleasing, man-made waterway that has become an iconic part of the
Waikiki area of Honolulu. Returning the area to its original state is not a feasible solution
at this point. The objective now must be to focus on improving the existing condition.
There must be a balance of safe, cost-effective solutions. If action is not taken prior to a
significant rain event, the cost will only increase for the citizens of Hawaii, as they will
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need to not only fund cleanup, but also will still need to address the root cause of
flooding.

The local population (K a ma &)tandsias the largest and most critical stakeholder in
the Ala Wai Flood Risk Management Project. K a ma & Bré directly affected by the
flood risks posed by the watershed, as severe flooding could result in significant
property damage, displacement, long-term disruptions to their daily lives, and even life-
threatening circumstances. Given the threat of significant flooding and the extensive
damage it could cause, the community has a natural interest in actively participating in
the development of a flood mitigation solution. Communities have already been affected
from past events related to the watershed, such as the 2004 Manoa Valley flood and the
2006 sewage spill into the Ala Wai Canal.

Water quality degradation within the canal poses risks to both the environment and
public health. Kama & Uana i nvested in the restoration of
the improvement of water quality, as evidenced by community-driven projects like the
Genki Ala Wai Project. Ensuring that any flood mitigation plan addresses these
environmental challenges is important to the people of Hawaii. Economically, the local
population has a significant stake in the outcome of the Ala Wai Flood Risk
Management Project, as the Hawaiian tourism industry is centered in Waikiki. Severe
flooding in Waikiki could cause widespread economic fallout for local businesses, jobs,
and livelihoods. Kama & U& invalvement in the decision-making process is crucial to
the success of the project, as it ensures that the solutions developed are practical,
culturally respectful, and environmentally advantageous.

6.2.1 Concerns Raised Over Canal Design Flaws

Among the outspoken members of the public on this issue is Dr. Luciano Minerbi, a
Professor Emeritus of Urban and Regional Planning at the University of Hawaii. Dr.
Minerbi is passionate about the issue, as a resident of Mailiili. In his 2016 notes, Dr.
Minerbi claims the canal's construction design is flawed in that it reduced the three
original stream outlets to a single outflow at the Ala Wai Boat Harbor (U.S. Army Corps
of Engineers, 2023). This change has led to stagnant water buildup and heightened risk
of flooding. Minerbi stresses that without sufficient outflow, the canal is prone to
accumulating water, which could result in severe flooding during major storm events. He
argues that the canal needs an additional outlet near Kapiolani Park, as originally
planned, to alleviate the water stagnation and improve overall water quality. Dr. Minerbi
argues that the ocean outflows from the Ala Wai Canal should be larger than the
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combined sections of the streams feeding into the canal, ensuring that the outflow is
equal to or greater than the inflow.

Additionally, Dr. Minerbi also critically points out the currently uneven heights of the

c anal 6 sThénaokk side is about two feet lower than the makai side, creating an

uneven flood risk that puts Mailiili at severe risk, while providing protection and flood

mitigation for the Waikiki district. He highlights this imbalance as a major oversight in

current flood risk management strategies. Minerbi advocates for raising the Moiliili and

Manoa-Pal ol o channel walls to t heeagaahpeotedtiani ght as
for all communities. The concerns raised by Dr. Minerbi regarding the flood risk

inequities between the mauka and makai sides of the Ala Wai Canal are evident during

king tide overtoppings. During these events, the mauka side consistently overtops, while

the makai side remains unaffected( Uni ver sity of Hawai 6i. Sea Gr a

In his 2019 testimony to the Honolulu Committee on Public Infrastructure, Technology,
and Sustainability, Dr. Luciano Minerbi argued that the 2015 flood model used by the
USACE was flawed. The model indicated no flooding in the lolani School area, an
assumption that is quickly proven incorrect during king tide overtopping events. Dr.
Minerbi considered the U.S. Army Corps of Engineers' decision not to construct a
floodwall in the Moiliili area to be a breach of two federal executive orders: EO 12898,
which addresses environmental justice in minority and low-income populations, and EO
13045, which focuses on the protection of children from environmental health and safety
risks (Minerbi, 2019).

6.2.2 Dedicated Organizations
6.2.2.1 Protect Our Ala Wai Watersheds Foundation

The U.S. Army Corps of Engineers6(USACE) plan has been in development for over
two decades. Throughout this time, the USACE has remained open to public input and
critigues, which has led to the consideration of various ideas and substantial scrutiny of
the proposed project. This willingness to engage with the community has allowed for the
incorporation of valuable suggestions aimed at improving the plan. The Protect Our Ala
Wai Watersheds (POAWW) group has raised several significant concerns about the
USACES®G plan for flood control in the Ala Wai Canal area. Among primary issues they
emphasize is the negative environmental and community impact of the proposed
floodwalls. The POAWW emphasizes concerns regarding restricted access to the canal,
particularly on the mauka side, where the floodwalls would hinder the ability to move
canoes in and out of the water. This has become a significant point of contention, as it
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directly impacts traditional Hawaiian canoe practices and the daily recreational use of
the Ala Wai Canal.

Concerns raised by Teri Skillman (Star Advertiser, 2020) echo those voiced by the

POAWW, particularly regarding the potential destruction of canoe club access to the Ala

Wai Canal. The floodwalls proposed by the USACE, especially those along the mauka

side, would restrict the ability of canoe clubs to easily access the canal for recreational

purposes. Like Skillman, POAWW also advocates for less intrusive measures that

preserve the communityds connecti on taoncet he wa
of these practices. In the Star Advertiser article (2020) linked on the POAWW website,

Skillman expresses environmental concerns, supporting a reduction in the use of
fertilizers and weed killers across mhe ahupu

The POAWW Organization acknowledges the flood risks facing the Ala Wai Watershed
but advocates for exploring less intrusive alternatives to mitigate the impacts on the
surrounding community. They emphasize the importance of maintaining access to the
canal for cultural and recreational activities, such as canoe paddling, while suggesting
that solutions might leverage the proximity of the ocean. Given the short distance the
watershed spans (approximately 5 miles), the group expresses a desire to explore using
the ocean as a natural resource for addressing flood risks without the need for large,
restrictive structures like floodwalls (POAWW, n.d.).

6.2.2.2 Blue Ala Wai Canal Foundation

Among the organizations working to revitalize the Ala Wai Canal is the Blue Ala Wali
Canal Foundation. This group is involved in various efforts, including organizing canal
cleanups, raising public awareness about the impact of pollution on the environment,
and proposing a solution to mitigate flood risks in the Ala Wai Canal through the
installation of a second outlet (Blue Ala Wai Canal Foundation, n.d.). The foundation is
particularly concerned with improving water quality in the canal. Their proposed two-
outlet system aims to leverage tidal flow to enhance water circulation, reduce pollutant
buil dup, and restore the canal 6s ecosystem. A
importance of integrating engineering solutions with natural processes to create a
sustainable and balanced environment. They are among a host of groups dedicated to
cleaning up the canal, alongside the Protect Our Ala Wai Watershed Foundation,
Hawaii Sea Grant, and the Genki Ala Wai organization. However, the Blue Ala Wai
Canal Foundation stands out by offering a proposal that includes the dual benefit of
flood mitigation and pollution reduction. The Blue Ala Wai Canal Foundation is against
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the use of floodwalls, a concern that has been voiced by many throughout the
community who wish to achieve flood protection without the usage of tall, view inhibiting
floodwalls (Figure 21).

Figure 21 - Public Display by Blue Ala Wai Canal Foundation Member, Paul Cynn (2024)

6.2.2.3 Ala Wai Watershed Collaboration

The Ala Wai Watershed Collaboration (AWWC) is an alliance formed up of businesses,

the community, and the government. The collaboration began in 2015, and much like

the Protect Our Ala Wai Watersheds Foundation (POAWW), the AWWC has a vision for
thewatershed t hat focuses on natur al resource maneé
system (Hawai 0i Green Growt h, n . -chonth studfihe gr ou
2022 that evaluated the technical feasibility of eight partner-driven proposals for the Ala

Wai Watershed that included topics such as flood mitigation, invasive species removal,

native species protection and green infrastru
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worked in partnership with the @ ina Aloha Economic Futures (AAEF) to develop The
Malama Implementation Tool, a comprehensive project evaluation tool that helps users
gauge the feasibility of their own proposals using an interactive, fillable excel
spreadsheet. Among the projects the AWWC is involved in is the usage of floating
Debris Catchment Technology, currently constructed at the outlet of the canal, at the
entrance to the Ala Wai Boat Harbor (Figure 22).

Figure 22 - Floating Debris Catchment Technology i Ala Wai Boat Harbor (State of Hawaii, n.d.)

6.2.2.4 Stop the Ala Wai Canal Project Organization

The Stop the Ala Wai Canal Project Organization was formed by Dave Watase, a civil
engineer and community activist. Watase started the organization following the U.S.

Army Corps of Engineers62017 Feasibility Study. The Feasibility Study included

upstream debris and detention basin which would have directly impacted Wat as e 6 s
property (UHManoaEthnicStudies, 2022). The Stop the Ala Wai Canal Project
Organization aims to raise awareness of the USACE® plan and help to gain community
involvement. The Stop the Ala Wai Project Organization convinced 7 neighborhood
boards to pass resolutions for the 2017 Feasibility Study and the 2020 Engineering
Documentation Report (EDR). Watase claims the USACE documentation is loaded with
filler information but lacks true substance. The Stop the Ala Wai Project Organization
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has received over 900 petition signatures to date, surpassing the halfway point to their
1,600-signature target (Stop the Ala Wai Canal Project, n.d.).

6.3 Developers and Construction Companies

Construction companies and developers hold a crucial stake in the Ala Wai Flood Risk
Management Project due to their role in executing infrastructure upgrades. The project,

as proposed by the United States Army Corps of Engineers, is projected to cost 775

million dollars. Construction for any solution will provide years of ongoing income for

contractors selected to carry out the work. The demand for skilled labor and engineering
professionals wil!/l have a significant 1 mpact

The Blue Al a Wai Canal Foundationdés proposal
including a 100-year lease agreement for the second canal outlet. Proceeds from the

lease would be specifically allocated to fund additional rail development in Honolulu.

This lease opportunity opens the door for developers around the world. Local

contractors would be bombarded with opportunities for ongoing work between the canal

and the rail construction.

Firms can leverage their role in these projects to forge long-term partnerships with
government agencies, such as the United States Army Corps of Engineers (USACE)
and the Honolulu Authority for Rapid Transportation (HART).

6.4 Tourism

Tourism plays a significant role in the Hawaiian economy, with Honolulu at the forefront

as a major destination for visitors from around the globe. Waikiki, specifically, is the face

of tourism in Honolulu, attracting approximately 79,000 visitors per day (USACE, 2023).
Tourism represents near | y andpgoduged hearty 1708f Hawai i
billion dollars in spending in 2019 prior to the Covid-19 pandemic (Wianecki, 2020).

According to the Hawaii Department of Business, Economic Development and Tourism

(2023), tourism in Waikiki nearly returned to pre-COVID-19 levels in the first quarter of

2023. During the first quarter of 2023 alone, Oahu welcomed 1.3 million visitors.
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According to the Department of Business, Economic Development and Tourism
(DBEDT), Waikiki accounts for approximately 45% of all visitor units in the state of
Hawaii. Beyond the statewide data, Table 3 highlights the importance of Waikiki for
tourism on the island of Oahu, accounting for 87% of the visitor units on the entire island
(DBEDT, 2003). Severe flooding in Waikiki would cause extended disruptions to the
tourist industry statewide and its effects would extend well beyond hotel businesses,
impacting employees and other business owners that rely on the district to survive.

Table 3 - Hawaii Tourism Overview (Modified from the Department of Business, Economic Development & Tourism,

2023)
| Waikiki h tate
% In
Type Number | Number . Waikiki
ALL UNITS 31,717
Apartment/hotel 212 307 69.1% 414 51.2%
Bed & Breakfast 0 28 0.0% 485 0.0%
Condominium Hotel 3,331 3,442 96.8% 15,731 21.2%
Hostel 153 213 71.8% 339 45.1%
Hotel 27,505 31,442 87.5% 49,442 55.6%
Indiv. Vacation Unit 147 269 54.6% 1,704 8.6%
Other 369 756 48.8% 2,668 13.8%

Number & percent of above
units classified as Registered
Timeshare 921 981 83.9% 4,967 18.5%

6.5 Government

The U.S. Army Corps of Engineers (USACE) is the largest government stakeholder in
the project. After over two decades of studying and working toward a resolution, their
role and effectiveness in working on the project are facing increasing scrutiny. The cost
of the General Reevaluation Report alone is $3 million (USACE, n.d.). Should the
USACE fail to complete a flood risk mitigation project prior to any disastrous storm,
there will be significant blame placed on the USACE. This project is a large-scale effort
that is expected to cost hundreds of millions of dollars to implement, but the timeframe
for its execution extends far beyond reasonable expectations. The USACEG( Fentatively
Selected Plan (TSP) has an estimated 100-year design life and is intended to protect
against a 100-year storm event. However, with initial studies beginning in 1998 and no
resolution to date, the USACE has effectively placed Oahu at over a 25% risk of
experiencing a 100-year flood during the study period.

David Beebe | UNIVERSITY OF HAWAII 56



Integrated Proposal for the Ala Wai Watershed

The USACE is not the only government entity with a stake in this project. The City and
County of Honolulu, along with the state of Hawaii are also to be held accountable for
the lack of a solution to this point. Ultimately, the flood risk issues associated with the
Ala Wai Watershed have the power to cripple the City and County of Honolulu and
would have lasting impacts on the entire state. While a perfect solution may not exist,
feasible options are available. Failure to implement flood mitigation strategies, even if
they do not specifically target the 100-year event, results in continued vulnerability for
the communities at risk.

6.6 Conclusion

With so many involved stakeholders, the solution to the Ala Wai Watershed problem will
require a delicate balance to address flood mitigation effectively, while respecting
environmental, cultural, and economic interests. Public safety remains the primary
objective of the flood control system, yet fostering meaningful public involvement will be
crucialtoits success. Mi ssteps i n the projectds early st ac
the U.S. Army Corps of Engineers (USACE) among the local community. Engaging the
local community can help the USACE to identify flaws in their understanding of the
problem. Additionally, the USACE could benefit from establishing a dedicated on-island
team for this project. Relying strictly on modeling and digital assessments can lead to
incomplete results and a flawed outcome. As pointed out by Dr. Minerbi, the
discrepancy in floodwall heights between the mauka and makai sides of the canal
produced inaccurate modeling in some of the earlier USACE reports. While modeling
and computer simulations are essential, firsthand site evaluations are equally crucial for
gathering accurate and comprehensive information. The involvement from engineers
stationed on the mainland should be minimized for this project. While the Hawaii branch
may not be capable of handling a project of this scale independently, they should seek
to maximize utilization of the local branch. Hawaii is in a unique geographic location,
facing a complex problem. The management and development of a solution requires an
equally bold approach.
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Chapter 7: Water Pollution Technology

7.1 Mr. Trash Wheel

Among the innovations aimed at removing pollution from waterways is the Mr. Trash
Wheel. This innovative solution to removing trash from waterways is being deployed in
Bal ti moreds i nner h aWrbToash Whétbisaeolagpowened 2 016) .
waterwheel vessel that scoops up litter and debris onto a conveyor belt from the water
as it navigates. The hull is headed by wide reaching booms that funnel debris into the
waterwheel conveyor belt where it is collected and deposited into a dumpster barge
(Karidis, 2015). The device is powered by water current and solar panels. The
waterwheel rotates and generates power as the watercraft moves through the water,
generating power for the conveyor belt along the way (Solomon, 2016). Efforts have
been made to incorporate the technology into the Ala Wai Canal. Thus far, the project
has been a grass-roots development, headed by Sustainable Coastlines of Hawaii.

Trash collected by the trash wheel would be taken to H-Power, where it would be
incinerated and then turned into power for the island (ThinkTech Hawaii, 2016). A
feasibility study was completed to determine the viability of utilizing the trash wheel
vessel in the Ala Wai Canal and the project was deemed feasible (Kawano, 2016). The
Sustainable Coastlines of Hawaii Organization had been working to secure funding for
the project. Despite $350,000 set aside by the Honolulu City Council, the project has
been unable to fundraise enough money to get the off the ground due to ballooning
costs, including an estimated $100,000 for the required permitting alone (Toth Fox,
2018).

7.2 Genki Ala Wai Project

The Genki Ala Wai Project is focused on restoring the ecosystem of the Ala Wai Canal.
Over time, the canal has accumulated pollutants like pesticides, heavy metals, trash,
and organic debris, leading to the formation of a toxic sludge that releases harmful
gases, such as methane, ammonia, and hydrogen sulfide, into the environment (Genki
Ala Wai Project, n.d.).

The project's solution involves bioremediation using Effective Microorganisms (EM)
technology. EM technology was developed by Professor Teruo Higa in Okinawa, Japan,
in 1982. EM is an innovative bioremediation solution that uses a blend of beneficial
microorganisms to improve soil and water ecosystems. The technology is
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environmentally friendly and has been applied successfully in over 100 countries (EM

Hawaii, n.d.)

Genki Balls (Figure 23) are hand formed from a mixture of clay soil, rice bran, molasses,

water, and EM solution. After hand forming, these Genki Balls, which contain billions of
EM6s, undergo a cur i nmhgwmintodhe easas wherethey sinktob ei n g
the bottom. At the bottom of the canal, the Genki Balls actively eat away at the sludge,

and improve water quality (Genki Ala Wai Project, n.d.).

The project aims to make the canal safe for swimming and fishing by 2026. The
improved water quality not only paves the way for humans to swim safely in the canal
again, but it also creates a more inviting atmosphere for wildlife such as fish and birds.
The Genki Ala Wai Project cites a reduction in sludge depths at both the Ala Wai
Community Garden and the Waikiki-Kapahulu Public Library following the deployment
of the EM technology (Genki Ala Wali, n.d.). The results of the Genki Ala Wai Project are
encouraging but could be expanded on with an enhanced scientific approach and

longer-term data.
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Figure 23 - Genki Balls Before and After Curing (2024)
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7.3 Spinning Cogs

The Spinning Cogs system is a self-powered debris removal system. The system is
made up of a series of gear-shaped cogs that are placed side by side diagonally across
the body of water. The cogs work in unison, with each cog acting as a continuously
spinning turbine, passing along trash and debris to each successive cog, before finally
reaching the catchment. Rotation of the cogs is generated by the flow of the canal
water. The cog system is designed to allow vessels to pass through while continuously
operating, ensuring that canal recreational activities are not obstructed. The pilot cog
buoy system naturally adapts to changes in water levels due to its floating design,
allowing it to maintain functionality even during fluctuating water conditions. The
Spinning Cogs technology is a revolutionary new way to control river or canal waste.
The pilot system installed in June 2021 in Vicenza, Italy has recovered debris and waste

Figure 24 - Spinning Cogs System (River Cleaning, 2024)
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that includes plastic bottles, trays and packaging, caps, cans, containers, glass bottles,
tires, cigarette butts, boxes, and packaged food (River Cleaning, n.d.).

The system operates continuously, 24 hours a day, and is completely autonomous. In
the latest version of the system, sensors automate the lifting of the cogs from the water,
or the system functions as a swinging gate to allow the passage of canoes and other
watercraft (Figure 24). As each system is customized to the intended environment, a
consultation and collaboration effort with the manufacturer is required to meet specific
needs. The updated Spinning Cogs technology utilizes a conveyor belt system attached
to the catchment. The conveyor belt feeds the debris up into a landside dumpster.

7.4 The Great Bubble Barrier

The Great Bubble Barrier system is a debris cleaning system that utilizes a submerged
tube running diagonally across the body of water. The submerged tube continuously
releases bubbles from evenly spaced outlets along the tube, created using compressed
ambient air. As the bubbles surface, they generate a small force that, when in contact,
moves debris. Similarly to the Spinning Cogs system, The Great Bubble Barrier
technology uses a directional layout and water current to direct debris into catchments
stationed on the side of the body of water. The bubbles are released continuously,
creating a bubble curtain. The Great Bubble Barrier system allows for watercraft
passage and is safe for marine life (The Great Bubble Barrier, n.d.). The technology
was implemented in 2019 in Amsterdam, the capital of the Netherlands, and home to
the Delta Works flood mitigation system that sets the standard for the entire world. The
system in the Netherlands is located at a canal outlet just prior to entry to the 1J and is
designed to filter out small plastic waste prior to being deposited into the North Sea.
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Chapter 8: Flood Mitigation Project Case Studies

8.1 New Orleans Canal System - Louisiana

Thereareman-made canals throughout the world, but
provides space restrictions that are abnormal to most of the world. New Orleans, much
like Waikiki, is a highly developed and populated area along the coast that contains a
series of canals. In 2005, the New Orleans area was devastated with storm surge
damage from Hurricane Katrina. According to the United States Army Corps of
Engineers (USACE), approximately 80% of New Orleans was flooded, with depths
surpassing fifteen feet in some areas due to the storm surge from the Category 5
hurricane (USACE, n.d.). Following Hurricane Katrina, the U.S. Army Corps of
Engineers, as part of the Hurricane and Storm Damage Risk Reduction System
(HSDRRS), designed canal expansions throughout New Orleans to reduce the burden
from such disasters in the future. New Orleans was forced to be reactive with their canal
renovations and spent an estimated 14.5 billion dollars on renovations to their canal
system as part of the HSDRRS. The project included 350-miles of levees and
floodwalls, 73 pumping stations, 3 canal closure structures with pumps and 4 gated
canal outlets (USACE, 2012). The 14.5-billion-dollar price tag is an already exorbitant
amount, but Hurricane Katrina caused estimated damages of around 200 billion dollars
and the lives of nearly 1,400 people were lost (Taxpayers for Common Sense, 2005).
With disaster relief efforts around 200 billion dollars, and canal system renovations
totaling 14.5 billion dollars, New Orleans clearly could have benefitted from more
foresight and implementation of preventative measures prior to the disastrous hurricane
(Knowledge at Wharton Staff, 2005).

The hurricane caused massive failures to canal levee systems. Following Katrina, a
nearly unharmed 100 x 200-foot section of a levee was displaced 50 feet from its initial
location (Dunbar & Britsch, 2008), sparking the need for levee strengthening. Failures to
levees were caused by inadequate engineering design, geological weaknesses, and
inadequate subsurface conditions. According to Dunbar and Britsch (2008), the
geological composition of the New Orleans area, including marsh and swamp soils,
played a significant role in the levee failures during Hurricane Katrina. According to the
United States Army Corps of Engineers, Hurricane Katrina caused fifty major levee
breaches, of which, four were determined to be the result of foundation-based failures.
Many of these same issues that faced New Orleans also face Hawaii. The threat of 1%
annual exceedance probability event (AEP) carries devastating potential. Hawaii has an
opportunity to be proactive, rather than reactive. New Orleans can serve as a strong
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example of what faces the Waikiki area and the potential impacts that could occur if
protective measures are not put into place. If such a disaster were to occur prior to
improvement measures being implemented, Hawaii will not only be faced with solving
the ongoing Ala Wai Canal problem, but also with devastating clean up and rebuild
costs, in addition to potential loss of life. Hawaii already has had to deal with the
devastating costs and effects of the Lahaina fires. Damage from a 1% AEP rain event
carries the potential to be monumentally larger than the damage caused by the Lahaina
fires due to Waikiki being a much more densely developed area, with higher population.
Recovery from such a disaster is not guaranteed, and assistance from the mainland
United States is not nearly as available as it was for New Orleans.

8.1.1 New Orleans Canal Project Features

The Hurricane and Storm Damage Risk Reduction System (HSDRRS) featured several
notable improvements taken from the lessons learned from Hurricane Katrina. The
hurricane rendered nearly half of the cityds
such as power loss, lack of clean cooling water, and operator unavailability (U.S. Army
Corps of Engineers, n.d.). To ensure operability during future events, the USACE
included several upgraded features during pump repairs. Repairs to pump stations
included upgrades to flooring, siding, roofing, windows, electrical systems, and
roadways. The pump stations now feature backup power, fuel sources, and elevated
critical equipment to prevent flood damage. Nearby safe rooms were installed and
reinforced to withstand 250 MPH winds, allowing operators to safely stay on-site and
ensure pump stations remain operable during severe storms.

With the significant failures to levees throughout the canal system caused by Hurricane

Katrina, the USACE implemented added a protection measure to the vulnerable

sections of the canal levees. The USACE implemented armoring for specific sections of

the |l evees. Armoring increases the |l eveebs du
overtopping, and reducing scouring (Figure 25). The armoring technique, which applies

suitable protection material around the levees, was implemented at over 420 vulnerable

locations along the New Orleans canal system levees (USACE, 2018). Materials used

for the armoring include grass, large stones, turf reinforced mats and concrete slabs

(USACE, n.d.)
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Turf Reinforced

Figure 25 - Armoring Technique for Levees (Modified from U.S. Army Corps of Engineers, n.d.)

8.1.2 New Orleans Canal Project Applicability to Ala Wai Watershed

The New Orleans canal renovation serves as an important case study for the Ala Wai
Watershed in terms of proactive flood risk management. While the scale of the New
Orleans Canal project is much larger than the scale of the Ala Wai Watershed project,
the defining characteristics are very similar. Like New Orleans, Honolulu faces unique
challenges with its dense urbanization, proximity to the coast, and potential vulnerability
to catastrophic flood events. In both cases, the U.S. Army Corps of Engineers plays a
central role in addressing flood mitigation. However, while New Orleans was forced to
react to the destruction of Hurricane Katrina, Hawaii can implement preventative
measures before experiencing a similarly devastating event, such as a 1% annual
exceedance probability (AEP) flood.

One of the key lessons from New Orleans is the importance of foresight and

preparedness. In New Orleans, inadequate engineering designs and failure to account

for geological conditions, such as soft soils, led to significant failures in the levee

system. In Hawaii, similar topographical challenges must be accounted for when

designing flood control infrastructure for the Ala Wai Canal. The U.S. Army Corps of
Engineersd role in strengthening the | evee sy
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importance of addressing the vulnerabilities in the existing flood control structures
before a disaster strikes.

The New Orleans canal improvement project demonstrates that the cost of inaction far
outweighs the cost of preventative measures. With damages from Hurricane Katrina
estimated as high as $200 billion, the $14.5 billion canal renovation seems more
reasonable in hindsight. For Hawaii, proactive flood mitigation efforts, such as the
proposed Ala Wai Watershed improvements, could save over a billion dollars in future
disaster recovery costs (U.S. Army Corps of Engineers, 2020). As inflation rises and
urban development continues, the potential financial impact of a major flooding event is
likely to increase, making the current billion-dollar estimate for recovery costs only a
starting point for the future. The economic significance of Waikiki, which represents a
critical part of Hawaii és economy, heightens
comprehensive flood mitigation strategies.

New Orleans offers a cautionary tale that underlines the necessity of investing in robust
flood prevention infrastructure. By learning from the mistakes made in New Orleans and
leveraging the engineering insights gained from their canal renovations, Hawaii can
implement effective flood mitigation measures in the Ala Wai Watershed before a
catastrophic event occurs. The U.S Army Corps of Engineers can draw on their
experience from the New Orleans project, among others, to implement another
successful flood mitigation project here in Hawaii.

82Gl asgowbs S-deotland Can al

The North Glasgow Integrated Water Management System (NGIWMS) helped pioneer a
system known as the Glasgow Smart Canal, an innovative drainage system developed
on the Forth and Clyde Canal in Scotland. The Forth and Clyde Canal was the first ever
sea-to-sea canal (Autodesk Water Infrastructure, 2022). The canal opened in 1790 and
was used as a high-speed travel option for moving goods across the country. However,
by the mid-20th century, the canal had become covered in algae and brought
contamination and maintenance issues into focus, problems which also currently plague
the Ala Wai Canal.
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To revitalize the Forth and Clyde Canal, the North Glasgow Integrated Water
Management System (NGIWMS) implemented an innovative smart canal system. This
system uses real-time weather data and predictive rainfall forecasting to manage water
levels within the canal. Automated sluice gates and flood storage areas help regulate
water flow by preemptively draining the canal in anticipation of heavy rainfall. By
draining the canal in advance, the system creates additional water capacity before
storms and reduces the risk of flooding (Figure 26).

Live weather Automated sluice Canal water level Canal water levelis
forecasting data gates dynamically drawn down in gradually restored
open based on advance of by closing sluice

forecasting capacity needs gates following the
storm

Figure 26 - Glasgow Smart Canal System Diagram (2024)

According to Scotlandébés Centre of Expertise f
approach delivers multiple benefits, including flood mitigation, reduced water pumping

and treatment costs, enhanced economic development, and improvements in water

guality. The smart canal system operates with minimal human intervention, thanks to its

intelligent control mechanisms that dynamically adjust water levels. This approach

allows the canal to divert excess water into designated storage zones, ensuring urban

areas remain protected from flooding. In comparison to traditional engineering solutions,

which often include static, infrastructure-heavy solutions, this dynamic system is much

more cost-efficient. Estimates show a 60% reduction in costs when compared with

traditional engineering methods (McFarland, 2021).

Furthermore, the NGIWMS has notable environmental benefits. It enhances water
guality and supports habitat creation along the canal corridor, contributing to the area's
biodiversity. The system has been shown to deliver significant carbon savings by
reducing the need for traditional energy-intensive flood defense strategies, contributing
to lower CO2 emissions and offering an environmentally and economically sustainable
solution (CREW, 2016). The predictive and automated features of the NGIWMS provide
a modern, sustainable approach to flood management, and offer valuable insights for
similar projects, like the Ala Wai Watershed.

One of the key innovations in the NGIWMS Glasgow Smart Canal is the usage of
intelligent control that enables the canal to forecast and mitigate flooding potential
through preemptive drainage management (Hay-Smith, 2022). This intelligent system
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allows water to be moved into designated storage areas during periods of high rainfall,
reducing the pressure on urban infrastructure and safeguarding both residential and
commercial properties from flood damage. Furthermore, the smart canal has proven
that technological integration in water management can lower maintenance costs, avoid
large-scale construction disruptions, and better protect vulnerable areas.

By providing an adaptable, tech-driven solution to urban flood risks, the Glasgow Smart
Canal serves as a potential starting point for innovative future flood management
projects. The focus on energy and technological efficiency, along with predictive
management strategies demonstrates the potential for advanced systems to reshape
how flood-prone areas are managed.

821Gl asgowb6s Smart Canal Applicability to

The Glasgow Smart Canal offers a forward-thinking model that can be applied to the Ala
Wai Watershed, particularly in its approach to managing flood risks through technology-
driven solutions. Like the Forth and Clyde Canal, the Ala Wai Canal faces significant
pollution and flooding challenges. The North Glasgow Integrated Water Management
System (NGIWMS) pioneered the use of real-time weather data and predictive rainfall
forecasting to regulate water levels in anticipation of storms. This proactive approach is
applicable to the Ala Wai Watershed, where current flood risk management proposals
are focused on traditional engineering methods rather than innovative solutions.
Although land space is limited in the Ala Wai Watershed, additional water capacity for
managing extreme water events will be necessary regardless of the solution chosen.
Integrating smart technologies, as demonstrated in the Glasgow Smart Canal, could
enhance the system's efficiency by utilizing dynamic water control instead of traditional
measures.

The use of predictive management technologies, along with automated sluice gates and

preemptive drainage systems, such as those employed in Glasgow, would allow for

more efficient use of the current Ala Wai Canal system, particularly regarding its

capacity. The ability to remotely control water flow during Hawaii's typically intense and

sudden storms could provide the necessary relief during peak discharges following

heavy rainfall. This dynamic approach to managing water levels would improve flood

risk mitigation, ensuring the canal can handle sudden inflows without overwhelming its

infrastructure. Draining excess water in advance of severe weather increases the

canal 6s water capacity, improving its ability
of overtopping and flooding in the surrounding areas.
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By utilizing technology such as the dynamic weather-incorporated system used in

Gl asgowds Smart Canal, the Aostefficzxyby @duamg!l can
the need for expensive, large-scale infrastructure projects. The focus can instead shift

towards creating additional emergency overflow capacity that can be utilized during

extreme events. Applying similar technology in the Ala Wai Watershed could offer

significant savings, both in terms of installation and ongoing maintenance costs.

Implementation of the smart canal system in Glasgow provided environmental benefits
alongside flood mitigation. The Ala Wai Canal could similarly benefit from adopting such
a system, simultaneously addressing both flood risks and the persistent pollution issues
that currently plague the canal.

8.3 Baltic Canal Project i Atlantic City, New Jersey

The Baltic Canal flood mitigation project carries numerous similarities to the Ala Wai
Flood Mitigation Project. As with the Ala Wai, the Baltic Canal, in New Jersey, was built
over a century ago, in 1912 (Tanenbaum, 2024). The canal runs 1.8 miles, similar in
distance to the roughly 1.5-mile distance that the Ala Wai Canal spans. Improvements
to flood mitigation for this canal required retrofitting the canal, originally engineered in
the early 1900s. A key difference in the Baltic Canal is the dual outlet system. The
project includes the installation of an automated system that can be managed remotely.
According to Tanenbaum (2024), sea levels have risen 18-inches since the canal was
initially constructed, which is more than double the global average. The rising sea levels
arer estricting tthnatigateslood liskssTo eobnietadt tisyg sea levels,
the solution involves installing six large pumps to be activated during periods of
significant stormwater buildup. For environmental measures, the project is installing
screening systems at each pump outlet, which aim to remove litter and debris prior to
discharge into the ocean (Insider NJ, 2024). The project, with a total cost of $22 million,
is currently under construction. According to the Federal Emergency Management
Agency (FEMA), this project will provide protection against flooding for about 1.3 square
miles of the city (FEMA, n.d.).

8.3.1 Baltic Canal Project Applicability to the Ala Wai Watershed

The Baltic Canal project has some striking similarities to the Ala Wai Canal. Both canals
deal with century-old engineering, as they were both constructed in the early 1900s.
The canals run a similar length, with each of them extending just below two miles. Both
areas are surrounded by water, with opportunities to build the ocean into their solutions.
Additionally, each of the systems needs to address flood mitigation and water pollution
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issues. Although the systems have some remarkably similar characteristics, the
differences in the systems are just as dramatic. The Baltic Canal is built as a covered
system beneath roads, and flood mitigation is aimed at protecting a 1.3 square mile
area. The Atlantic City topography varies greatly from the Ala Wai Watershed, with a
maximum elevation of 124 feet above sea level (Atlantic County, New Jersey, n.d.), far
| ower than the estimated 3,000 feet above sea
reaches. Given both the similarities and differences, the key takeaways from the Baltic
Canal project are the implementation of pumps equipped with pollution screens and the
use of a dual outlet system. Given the application of these key techniques, the solution
to the Baltic Canal project was developed with relative ease and at a comparatively
reasonable cost of $22 million.

The Baltic Canal highlights a collaborative effort to create a solution unique to the
problems that New Jersey was facing. With the involvement from AECOM, FEMA, and
other stakeholders, a balanced and comprehensive plan was developed without any
one entity dominating the decision-making process. Similarly, the Ala Wai Watershed
requires continued engagement from a diverse range of stakeholders beyond the U.S.
Army Corps of Engineers. Local engineering firms and the public possess valuable,
firsthand knowledge of the issues facing the watershed and can contribute to more
effective solutions.

8.4 The Delta Works - The Netherlands

Similarly to Hawaii, the Netherlands offers vast coastal landscapes. Nearly a third of the
Netherlands is located below sea level, which makes the country highly susceptible to
flooding (Rahman et al., 2022). In 1953, the North Sea Flood devastated the region,
killing 2,551 people and causing widespread destruction to infrastructure and
agriculture. The di saster marked a turning point in t
The Delta Works project, created as a product of the 1953 disaster, aimed at mitigating
the country's flood risks through the undertaking of a massive series of construction
projects. The Delta Works project is a series of levees, dams, dikes, locks, and storm
surge barriers designed to combat flooding from storm surge resulting from sea level
fluctuation (Watson and Finkl Jr., 1990). The project was assembled to protect the
country from a once in a 10,000-year flood event and has earned recognition as one of
the Seven Wonders of the Modern World by the American Society of Civil Engineers
(ASCE). Additionally, the Netherlands employs a polder system. These polders are
lands that are protected by surrounding waters using dikes and pumps. Together, these
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systems employed by the Netherlands represent the largest, most comprehensive flood
protection system in the world (Megaprojects, 2020).

Originally, the Dutch government had planned to install a dam to protect Oosterschelde,
the largest estuary in the Delta region, from severe storm surge. The design was for an
impenetrable dam, but it received strong pushback due to concerns over the
environmental impacts of sealing off an estuary outlet from the ocean. The pushback
led to the development of a storm surge barrier that could adapt to storm conditions,
capable of operating in an open or closed position (Goemans & Visser, 1987).

8.4.1 The Delta Works Project Applicability to The Ala Wai Watershed

The Delta Works project provides perspective on the need to develop a unique, holistic
solution, tailored to the targeted area. The project involved many strategies required to
protect a country with extensive coastal landscape and unusually low elevation. The
protection factor of a 10,000-year flood goes well beyond the targeted protection factor
for the Ala Wai Watershed. However, the solutions employed a systems approach,
offering the Netherlands a comprehensive, long-term solution to its flood risk
challenges.

Although it is designed to protect against flooding due to ocean surge, the Delta Works
location along major coastline provides similarities to the Waikiki area. The Ala Wai
Canal is susceptible to storm surge flooding, proven by Hurricane Iniki in 1992. The
relationship between the Ala Wai Canal and the ocean mirrors that of Oosterschelde
and the ocean, on a much smaller scale. The Ala Wai Canal flood risk mitigation
solution can similarly benefit from a systems approach that dynamically addresses
storm surge and capacity issues. Like the New Orleans canal project, the Dutch
implemented reactive flood mitigation measures in response to disaster. Hawaii can
take the lessons learned from these two projects by proactively creating a solution in
advance of a catastrophic event. Addressing the problem after a disaster only
compounds the problem, as the costs of damages are added on top of the need for a
solution.
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Chapter9:U. S. Army Corps of Engineerso

9.1 Introduction

The Ala Wai Flood Risk Management Project was developed due to the severe flood
risks presented by the Ala Wai Watershed. The project aims to mitigate the severe flood
risks associated with a 1% annual exceedance probability event (AEP), or a one-time
occurrence in a 100-year period flood. According to the U.S. Army Corps of Engineerso
Engineering Documentation Report (2020), the Ala Wai Canal can contain an estimated
4% annual exceedance probability event (AEP) before overtopping of the banks would
occur. However, this number is constantly fluctuating due to ongoing sedimentation
within the canal. Failure to mitigate flood risks prior to such an event will threaten lives,
property, and the Hawaiian economy. The U.S. Army Corps of Engineers (USACE)
considered a range of solutions, including natural and nature-based, structural, and
non-structural approaches. Natural solutions involve using wetlands to allow the ground
to absorb stormwater. Structural solutions include options such as floodwalls, channel
modifications, and the installation of pumps. Non-structural solutions focus on measures
like flood warning systems, risk communication, and public education (USACE, 2023).

In 2017, a Feasibility Study was released, recommending a series of debris and
detention structures, floodwalls, and pump stations. These features were designed to
reduce peak stormwater flow from short duration, high intensity rainfall, creating a more
manageable flow at the base of the watershed and to increase the Ala Wai Canal water
storage capacity. The plan was broken down from one large problem into eleven
structural elements and two non-structural elements that made the project more
manageable. The Feasibility Study included a proposal for floodwalls averaging 4 feet in
height along both sides of the canal, stretching approximately 1.9 miles (U.S. Army
Corps of Engineers, 2020). Additional features within the Feasibility study included two
pump stations, and an early flood warning system. Six in-stream debris and detention
basins were proposed for the upper portions of the watershed. These proposed
modifications aimed to reduce the risk for the public and private sectors in the 19 square
mile area surrounding the Ala Wai Watershed.

In 2020, the subsequent Engineering Documentation Report (EDR) aimed to expand on
technical analysis, identify system modifications, and provide engineering data for the
future Validation Study. The EDR analyzed the problems that are associated with each
of the sections of the Ala Wai Watershed, including each of the three valleys that feed
the canal. The EDR is a follow-up report analyzing the proposals included within the

David Beebe | UNIVERSITY OF HAWAII 71



Integrated Proposal for the Ala Wai Watershed

Feasibility Study in further detail. The EDR included more detailed, updated hydraulic
modeling that allowed for more precise analysis of each proposed feature within the
Feasibility Study. The USACE®6 Engineering Documentation Report focused on
optimizing features in the lower portions of the watershed, while abandoning the
upstream features (Figure 27). The EDR proposed changes to the original Feasibility
Study, including the removal of 6 detention basins from the upper watershed and the
addition of limited floodwalls at known bottleneck areas: One upstream of the Woodlawn
Bridge, and the other extending from the Ala Wai Canal upstream towards Date Street.
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Figure 27 - Proposed Changes to Feasibility Study Plans (U.S. Army Corps of Engineers, 2020)
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9.2 Makiki Valley

The Makiki Valley is the smallest of the three valleys within the Ala Wai Watershed.
Although small, the area is heavily populated, making renovations to the Makiki portion
of the Ala Wai Watershed complicated.

For the Makiki Valley, the Feasibility Study concluded with proposing the
implementation of a detention basin placed in the upper portion of the Makiki Valley.
The detention basin proposed was approximately 36 feet high and 100 feet across and
included an arched culvert to allow small event flows to pass through. The feature would
have required 3,035 cubic yards (CYD) of excavation and included a debris catching
element on the upstream side of the culvert. Additionally, the location of the upstream
feature would have required construction of an access road to support the
implementation of the detention basin. The proposed detention basin in the upper
portion of the Makiki Stream aimed to temporarily detain peak flows during storms.
Reducing the peak storm flow eases the burden on vulnerable downstream areas, such
as narrow, lower capacity channels.

The Engineering Documentation Report evaluated 6 modifications for the Makiki Stream
detention basin proposed in the Feasibility Study. The proposals aimed at increasing
the storage capacity and reducing the downstream water surface elevation. Proposals
included (U.S. Army Corps of Engineers, 2020):

Raising the top of the detention basin.

Excavating to widen and deepen the detention basin.

Raising detention basin top (1) along with deepening the detention pool (2).
Replacing the single detention basin with two upstream detention basins.
Installing flow control gates.

Installation of floodwalls along the concrete lined channels located at the lower
portion of the watershed.

o0k wbdPe

The US Army Corps of Engineers evaluated these six proposals and concluded that
option 4, splitting the single detention basin into two upstream detention basins, was
most viable. However, upon further evaluation of the proposal for two new upstream
detention basins, the option was determined to be economically unjustified at its 22-
million-dollar cost. Advanced modeling showed that benefits of the addition of the two
upstream detention basins were overstated during initial modeling (Table 4). Table 4
shows the difference in projected water surface elevations from the implementation of
the proposed Feasibility Study features into the Makiki Valley using the initial modeling
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Table 4 - Makiki Valley Feasibility Study Features Impact on Water Surface Elevation (Modified from U.S. Army Corps
of Engineers, 2020)

Reach/ Cross Section ID

Feasibility
1D With

FFEIS
Project

1D
Difference

1D/2D
FWOP

PED EDR (Feasibility)*

1D/2D
With FFEIS
Project

1D/2D
Difference

Kanaha Ditch @1874

a Kanaha Ditch @3005 78.6 78.4 -0.2 79.9 79.9 0.0
E Kanaha Split @1394 43.0 429 -0.1 N/A N/A N/A
:.g_ Makiki Lower @Fern 1719 7.4 6.7 -0.7 10.3 10.4 0.1
=
§ Makiki Lower @Beretania 4325 33.9 27.8 -6.1 37.5 37.2 -0.3

Makiki Upper @Wilder 6606

(1D) versus the more advanced modeling (2D). These conclusions helped to fuel focus
towards the lower portions of the watershed where modifications could be more
impactful. To better manage the water flow at the base of the watershed in the Makiki
Channel, the EDR proposed a 1,500-foot-long by 20-foot-wide by 10-foot-deep
diversion culvert that begins immediately east of where the Makiki Channel merges with
the Ala Wai Canal. The proposed diversion culvert intended to increase water capacity
at the Makiki Stream, Ala Wai junction, and reduce backwater flooding.

9.3 Manoa Valley

The Manoa Valley, home to the University of Hawaii at Moana, is the largest of the three
valleys within the Ala Wai Watershed. Being the largest, the Manoa Valley is of critical
importance to the project, and offers the most opportunity for impact. The initial design
from the Feasibility Study included one debris catchment within the Manoa Stream near
Manoa Valley District Park and four detention basins located at varying elevations.
Much like the design of the upstream detention basin proposed in the Makiki Valley, the
four detention basins proposed in Feasibility Study for Manoa Valley allowed for small
storm flow passage and aimed to reduce peak flows during larger storms.

As with the Makiki design, updated modeling led to a revised plan, focused on key
bottlenecks, such as the Woodlawn Bridge. The 2004 flood highlighted the vulnerability
of this area and updated modeling supports this observation. Table 5 displays the
results of updated modeling for the EDR versus the previous Feasibility Study modeling.
Upon discovering these new projections, the USACE updated their approach in the
EDR accordingly. Updates included plans for expanding the upstream water capacity by
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deepening the stream and building strategically placed floodwalls to protect the
University and the surrounding areas. The Woodlawn Bridge is a critical bottleneck, as
flooding at this location poses significant risks, with historical events demonstrating its
vulnerability at more frequent occurrences than the 1% annual exceedance probability
(AEP) event targeted by the Feasibility Study and EDR protection measures.
Additionally, the Woodlawn Bridge sits in very close proximity to the University of
Hawaii, and extreme flooding in this area could threaten the University and the
surrounding areas (USACE, 2020).

Table 5 -Manoa Valley Feasibility Study Features Impact on Water Surface Elevation (Modified from U.S. Army Corps
of Engineers, 2020)

Feasibility PED EDR*
Reach/ Cross Section ID el i 1D/2D :.LD/ZD i
1D FWOP FFEIS Difference FWOP With FFEIS Difference
Project Project
Manoa Stream @Kanewai 948 38.5 38.3 -0.2 39.5 38.8 -0.7
Manoa St St. Franci
anoa stream @st. Francis 116.8 113.9 2.9 117.9 116.9 0.9

5461

Manoa Stream @Manoa
l - -
2 | Marketplace 8367 1532 151.3 2.0 154.8 154.2 0.6
S [
= | Manoa Stream @E. Manoa Rd 163.5 155.6 7.9 160.6 159.5 1.2
{‘-03 Bridge 9032
t -
S | ManoasStream @Manoa Park 1733 1715 18 1745 174.1 0.4
S | 10309

Manoa Stream @Poelua St. 211.4 208.1 33 210.7 209.8 0.9

13136

ﬂ?’;ga Stream @Pawale Pl. 260.7 256.5 42 261.8 260.6 1.2

9.4 Palolo Valley

The Palolo Valley has characteristics that make it particularly vulnerable, including
steep slopes and a higher prevalence of invasive species compared to other valleys.
The invasive species cause soil destabilization for shallow root systems, leading to
sedimentation. The Feasibility Study performed by the U.S. Army Corps of Engineers
(USACE) proposed two separate debris and detention basin features across the Pukele
and Waiomao Streams in the upper reaches of the Ala Wai Watershed. The features
were designed to regulate the flow of stormwater during peak flows to prevent flooding
at the lower portions of the Palolo Valley and at the Manoa-Palolo stream convergence.
With updated modeling data (Table 6) from the Engineering Documentation Report
(EDR), the Pukele and Waiomao debris and detention basin features were determined
to have insignificant impacts on water surface elevation (WSE) and flood risk mitigation
at the targeted Manoa-Palolo convergence and the lower reaches of Palolo Valley
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(USACE, 2020). As with the Manoa and Makiki Valley conclusions, the updated
modeling provided in the EDR highlighted the inefficiency and ineffectiveness of the
proposed upper stream features. The modeling data guided the USACE further towards
their lower watershed targeted approach that provides better benefit-cost outcomes.

Table 6 - Palolo Valley Feasibility Study Features Impact on Water Surface Elevation (Modified from U.S. Army Corps
of Engineers, 2020)

Feasibility PED EDR*

Reach/ Cross Section ID 1D FFEIS 1D/2D EEEIS
1D FWOP ., Difference / . Difference
Project Project

Palolo Lower @1813 7.4 6.4 -1.0 . 9.6 0.5
Palolo Lower @3406 13.2 11.7 -1.5 15.3 -0.1

Palolo Main @St. Louis Drive 3.0 39.7 33 . 393 06
6376
Palolo Main @St. Louis HS
8574

Palolo Main @Palolo
Hongwanji 11649 138.7 136.6 -2.1 138.0 0.2

Palolo Main @Palolo District
Park 14619 187.0 184.4 -2.6 188.2 0.4

Pukele @2184 287.6 283.8 -3.8 286.3 0.0
UH Split @1107 13.6 115 -21 N/A
UH Split @4606 102.1 99.7 -2.4 N/A

89.1 874 -1.7 . 94.8 -0.3

>
2
T
=
i)
2

s
o

Waiomao @1724 266.7 265.4 -1.3 269.2

9.5 Validation Study

Following the completion of the Engineering Documentation Report (EDR), which
exposed inaccurate modeling used in the Feasibility Study, the U.S. Army Corps of
Engineers completed a Validation Study to verify the justification of the proposed,
modified plan included the EDR. The Validation Study concluded that modifications
made to the plan in the EDR were not cost effective and were economically unjustified.
The results of the Validation Study required changing the plan yet again to maintain
federal support (USACE, 2023). These findings prompted the General Reevaluation
Report (GRR), which was to redetermine feasibility of a federally managed Ala Wai
Watershed Flood Risk Management Project. The GRR introduced further modifications
and optimizations to the plan, leading to the development of the Tentatively Selected
Plan (TSP). Rather than optimizing the plan from the EDR, the results of the Validation
Study forced yet another reevaluation of the plan altogether, extending the already
prolonged timeline for the Ala Wai Flood Risk Management Project. Each study
conducted by the USACE delays the implementation of a flood mitigation system,
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i ncreasing t he cexpeiengimgicatagtshic floodndg from &n extreme
rain event that the watershed is overdue to face.

9.6 Tentatively Selected Plan (TSP)

The Tentatively Selected Plan (TSP) for the Ala Wai Canal Flood Risk Management
Project is a plan that was selected due to its balance between cost-effectiveness and
flood mitigation benefits. After an extensive evaluation of various alternative plans,
including a no action scenario, this TSP was selected for its ability to offer the greatest
value in terms of flood risk reduction while maintaining economic feasibility. Table 7
summarizes the alternatives that were evaluated, including Alternative 5.3, which is the
TSP for the project. Key components of the Tentatively Selected Plan (TSP) include the
construction of floodwalls and a detention basin along critical sections of the Ala Wai
Canal and its tributaries, such as Manoa and Palolo Streams. A 6-to-9-foot floodwall is
proposed to be built around the Ala Wai Golf Course, which is expected to impact the
area's aesthetic appeal. To address the bottleneck at Woodlawn Drive, 6-foot floodwalls
will extend approximately 1,270 feet in length upstream from the bridge, providing
critical protection against flooding for the vulnerable area (U.S. Army Corps of
Engineers, 2023). Most notably, 6-foot floodwalls will be installed around the Ala Wai
Canal. To minimize the diminished visual appearance and view obstructions that these
walls would bring, the USACE plans to include a 3-foot elevated walkway adjacent to
the 6-foot floodwalls (Figure 28). In addition to the floodwalls and the detention basin,

Table 7 - Comparison of USACE®S included Measures and Alternatives (Modified from U.S. Army Corps of Engineers,
2023)

Measures

2017 IFR/EIS
Recommended
Plan

2023 GRR
Alternative 1

2023 GRR
Alternative 2B

2023 GRR
Alternative
5.3

2023 GRR
Alternative 6

Waihi Debris and Detention Basin

Waiakeakua Debris and Detention Basin

Wocodlawn Ditch Detention Basin

Manoa In-stream Debris Catchment

vXX XX

Manoa District Park Detention Basin

Kanewai Field Multi-purpose Detention
Basin

Waiomao Debris and Detention Basin

Pukele Debris and Detention Basin

Makiki Debris and Detention Basin

Makiki District Park Detention Basin

XXX X

Manoa-Palolo Canal Floodwalls

Ala Wai Canal Floodwalls

Hausten Ditch Detention Basin

Ala Wai Golf Course Multi-Purpose
Detention Basin

Floodwarning System

XX XX

Dry Floodproofing

Elevating Structures
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pump stations are going to be further analyzed in the subsequent evaluation of the TSP,
at the Preconstruction Engineering and Design (PED) phase. During the PED phase,
additional analysis will be conducted, aimed at optimizing the size and location of
pumps to be installed in the watershed.

Overall, the TSP offers a comprehensive approach to flood risk management that
combines robust structural solutions while also providing long-term economic and safety
benefits to the community. Using guidelines from various USACE Engineering manuals
on designing flood mitigation solutions, the plan focuses on a cost-effective solution that
provides targeted flood risk relief. The plan has undergone proper hydrological studies,
and economic evaluations, including critical benefit-cost analysis, for each individual
alternative proposed in the plan. Performance of these critical analyses aims to provide
the maximum return on investment (ROI), while achieving the intended 1% annual
exceedance probability (AEP) flood relief.

Figure 28 - Ala Wai Canal Raised Sidewalk, Floodwalls Rendering (U.S. Army Corps of Engineers, 2023)

9.6.1 Floodwalls

The Tentatively Selected Plan (TSP) includes several key floodwalls designed to create
additional capacity during peak storm flows and counteract existing bottlenecks. The
TSP includes a floodwall at Kaimuki High School, which is a 6-foot-high floodwall
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extending approximately 3,260 feet along the school's track field area, and adjacent to
the Manoa-Palolo Canal. This wall will adjoin the Ala Wai Canal Floodwall and aims to
protect residential structures east and southeast of the school from flooding.

A second floodwall along the Ala Wai Canal was selected as part of the TSP. The Ala
Wai Canal Floodwall is a 6-foot-high floodwall extending approximately 22,852 feet. The
floodwall will be equipped with drainage structures, retrofitted flap gates, and eleven
road closure structures. The Ala Wai Canal Floodwall targets flood mitigation for
McCully-Moiliili, Diamond Head, and Waikiki. Walking paths will be incorporated where
space allows to enhance community usage of the surrounding areas of the wall.

Two additional floodwalls included in the TSP are the Woodlawn Drive Floodwall (1,270
feet) and the Koali Road Floodwall (2,510 feet). Both floodwalls are 6 feet in height and
protect key areas of the Manoa Valley, including the University of Hawaii, Kaimuki High
School, and downstream residential areas. With the history of flooding in the area, these
floodwall locations are targeted and aim to provide relief to these proven blockage
areas. The Woodlawn Drive and Koali Road Floodwalls are designed to work in unison.
The Koali Road Floodwall aims to protect Kaimuki High School and nearby residences
from flooding, including from potentially induced flooding caused by the Woodlawn Drive
Floodwall (USACE, 2023).

9.6.2 Floodproofing Structures

The inclusion of floodwalls in the Tentatively Selected Plan (TSP) is intended to protect
the community from flooding, but such actions can have unintended consequences. For
the proposed floodwalls, the USACE has identified that 70 structures would be put at
risk of induced flooding because of the floodwall construction. These structures include
43 non-residential and 27 residential buildings. To mitigate this induced flood risk, the
floodproofing recommendations for the 70 affected structures include elevating 12
structures, first floor wet floodproofing and evacuation for 16 structures, and applying
dry floodproofing to the remaining 42 structures (USACE, 2023).

9.6.3 Detention Basin

Detention basins are designed to temporarily store stormwater, especially during peak
flows. The Tentatively Selected Plan (TSP) includes the construction of one detention
basin, located at the Ala Wai Golf Course. The Ala Wai Golf Course Detention Basin
requires construction of an earthen levee 6-to-9 feet high and running approximately
8,315 feet long around the perimeter of the golf course, adjacent to the Manoa-Palolo
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and Ala Wai Canals. This levee is expected to capture overflow from stormwater, and
then drain slowly into the Ala Wai Canal through three concrete drainage structures
equipped with flap gates to control the release of the stormwater into the canal at an
acceptable rate to avoid overflow. The detention basin would begin partial deployment
beginning at the 5-year storm (20% AEP) stage and includes capacity beyond the
targeted 100-year storm design, projecting to begin overtopping around the 500-year
event stage (USACE, 2023). Additional detention basins were considered and
determined to be economically unjustified based on the costs associated with
construction and the benefits that they provide.

As pointed out by Sydney Lynch, President of the Protect Our Ala Wai Watersheds
Foundation (POAWW), detention basins require ongoing maintenance and upkeep.
Debris builds up over time in the traps set at the perimeter of detention basins and
without proper maintenance and removal of debris, the functionality of the detention
basin will suffer. Sydney Lynch visited various existing detention basins on the island of
Oahu to find debris traps were poorly maintained and lacking upkeep required to
maintain their intended purpose (UHManoaEthnicStudies, 2022). With the Tentatively
Selected Plan (TSP) limiting its design to a single detention basin, concerns over
maintenance and upkeep should be reduced, especially given its downstream location
at the Ala Wai Golf Course.

97Economics of the U.S. Army Corps of

9.7.1 Economics of the Engineering Documentation Report

According to the U.S. Army Corps of Engineers (2020), the proposed Engineering
Documentation Report (EDR) projected a cost of $376 million, with an estimated
benefit-cost ratio (BCR) of 2.48. The plan outlined the implementation or modification of
key infrastructure, including utilities, levees, floodwalls, pump stations, flood gates, and
diversion structures. The Honolulu City Council agreed to partner with the U.S. Army
Corps of Engineers on the Ala Wai Flood Risk Management Project. As outlined by the
City and County of Honolulu - Department of Design and Construction (2023),
construction responsibilities are shared between federal and non-federal parties on a
65-35 basis. The City and County of Honolulu, acting as the non-federal sponsor, is
responsible for acquiring lands, easements, rights-of-way, relocations, and disposal
areas, as well as for the ongoing maintenance, repair, and rehabilitation costs, which
are estimated at approximately $359,000 annually.
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The EDR included a comprehensive Economic Appendix that provided a detailed cost-
benefit analysis, supporting the project's feasibility and long-term viability. This appendix
outlines projected construction, operational, and maintenance costs, while identifying
the expected economic benefits of reduced flood damage, improved public safety, and
increased property values in the Waikiki area. These factors served as the foundation
for project authorization, funding, and prioritization at the federal level.

The economic analysis within the EDR evaluated both direct and indirect economic

benefits, utilizing quantitative and qualitative measures. The objectives included

assessing the project's financial feasibility, providing a cost-benefit analysis, and

considering the long-term economic impacts, including ongoing maintenance following

the projectbés completion. This approach ai
and future needs.

The benefit-cost analysis compares the present value of expected benefits to the
present value of the estimated costs of the project. According to the EDR, the Ala Wai
project yields a BCR of approximately 2.48. This figure indicates that for every dollar
spent, the project is expected to generate $2.48 in benefits. To adjust future benefits
and costs to their present value, this analysis uses the FY20 federal discount rate of
2.75% over a 50-year period (USACE, 2020).

9.7.2 Economics of the General Reevaluation Report with Integrated
Supplemental Environmental Impact Statement

The General Reevaluation Report (GRR) with Integrated Supplemental Environmental
Impact Statement presents an updated economic analysis of the Ala Wai Flood Risk
Management Project, building upon the earlier estimates from the Engineering
Documentation Report (EDR). While the Engineering Documentation Report (EDR)
projected a total project cost of $376 million with a benefit-cost ratio (BCR) of 2.48, the
GRR provides revised figures based on more advanced hydrological and economic
modeling, adjustments for inflation, and changes in project scope and design.

According to the GRR (U.S. Army Corps of Engineers, 2023), the total project first costs
for the Tentatively Selected Plan (TSP) now amount to $775 million, more than double
the earlier EDR estimate. Interest during construction is estimated at around $60,000,
bringing the total gross investment for the project to about $834 million (Table 8). The
overall increase in price is attributed to adjustments in project components, such as
additional construction of levees and floodwalls. The more refined modeling and
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Table 8 - Cost Breakdown for the USACE® $SP (Modified from USACE,

2023)
Gategory Alternative 5.3
(TSP)

Construction Cost $570,904
Lands and Damages $58,089
Planning, Engineering, and Design $105,617
Construction Management $39,963
Total Project First Costs $774,574

Interest During Construction $59,462
Total Gross Investment $834,036

engineering requirements necessitated higher investments to address the unique
challenges of the Ala Wai Watershed.

In terms of annual costs, using a 2.5% discount rate, the GRR outlines that the project
will incur approximately $29.8 million annually for the project life cycle of 50-years. This
includes the gross investment of $29.4 million and $359,000 dedicated to operations,
maintenance, repair, rehabilitation, and replacement (OMRR&R). These figures reflect
the more extensive infrastructure now proposed in the GRR and the ongoing
maintenance required to ensure its effectiveness.

The GRR also presents an updated benefit-cost ratio (BCR) of 1.8, based on a federal
discount rate of 2.5%. This ratio is lower than the 2.48 figure presented in the EDR,
indicating that while the project remains economically viable with a BCR above 1, the
additional costs have reduced the net financial benefits. The GRR calculates average
annual net benefits of approximately $22.5 million, ensuring that the project still
provides substantial economic returns relative to its costs. These revised figures were
developed from a more detailed, comprehensive understanding of the flood risks and
necessary mitigations. The U.S Army Corps of Engineers weighed costs against long-
term benefits of flood protection for the Ala Wai Watershed with each modification.
However, one key oversight is still valid. The U.S. Army Corps of Engineers6(USACE)
estimated damages of approximately $1 billion due to a 1% AEP event are likely
significantly underestimated. For example, initial damage estimates made by the
National Hurricane Center (NHC) for Hurricane Katrina were set at $81.2 billion, based
on doubling the estimated insured losses (National Weather Service, 2006). However,
actual damage estimates from Hurricane Katrina have since reached as high as $200
billion (Knowledge at Wharton Staff, 2005). Using a local example, estimates for the
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Lahaina wildfires in 2023 were initially set by the U.S. Fire Administration at $5.5 billion
dollars (U.S. Fire Administration, 2024), yet the actual damage has reached $12 billion
and continues to grow (Knodell, 2024). Using these two examples, we can extrapolate
projected damages from a 1% AEP event in the Ala Wai Watershed to reach above $2
billion dollars (Table 9). If actual damages can be expected to exceed $2 billion dollars,
the entire benefit-cost assessment of alternatives is flawed in its nature. Strong
alternatives may have been dismissed in this scenario because, despite their potential
benefits, they were deemed cost-prohibitive and did not fit within the required cost-
benefit ratio based on estimated damages.

Table 9 - Estimating Actual Expected Damages from 1% AEP Event (2024)

Event Initial Damage Estimate ($) [Final Damages ($)|Multiplier
Hurricane Katrina $81.2 Billion $200 Billion 2.46
Lahaina Wildfires $5.5 Billion $12 Billion 2.18
1% AEP Event - Ala Wai Watershed $1 Billion **$2.32 Billion *2.32
Notes:
*The factor for the 1% AEP Event 1 Al a Wai Wat er shed i
multipliers for Hurricane Katrina and the Lahaina Wildfires.
** The final damage estimate for the 1% AEP Event is an extrapolated estimate using the average
factor derived from Hurricane Katrina and the Lahaina Wildfires.

9.8 Pros of the U.S. Army Corps of EngineerséPlan

The U.S. Army Corps of Engineers6(USACE) plan has been carefully developed over
several years, beginning with the Feasibility Study completed in 2017. Since then, the
USACE has submitted an Engineering Documentation Report and a General
Reevaluation Report with Integrated Supplemental Environmental Impact Statement.
These reports and studies are highly detailed and were performed over extended
periods, ensuring thorough analysis of the Ala Wai Watershed and its flood risks.

The USACEOGs pl an i-driven apprpached, sich adhydradlia t a
modeling, which has been refined over time and provides a scientific basis for the flood
mitigation strategies outlined. The plan reflects a close collaboration between federal
and state agencies, resulting in a comprehensive, well-coordinated approach. It
identifies key bottlenecks within the watershed system and focuses on mitigating flood
risks for the 1% annual exceedance probability (AEP) event.

The detailed evaluations performed by the USACE weigh the effectiveness of both
upstream and downstream flood mitigation measures, providing sound, data-driven
reasoning for focusing on the downstream features.
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The USACEOG plan addresses flooding, aesthetic appeal, and some of the
environmental concerns associated with the Ala Wai Canal. As a federal agency, the
USACE has a proven history of successfully managing large-scale projects of similar
nature, such as the canal modifications carried out in New Orleans following the
Hurricane Katrina disaster. As stated by Jeff Herzog, USACE Project Manager for the
Ala Wai Flood Mitigation Project, the USACE are the experts when it comes to dealing
with these types of flood mitigation situations. Their expertise is highly sought after, and
they have a history of successfully completing similarly difficult projects (PBS Hawaii,
2019).

9.9 Cons of the U.S. Army Corps of EngineersoPlan

While the plan is well thought out and developed by an agency with a history of

successful undertakings on similar projects, it does have its shortcomings. Firstly, while

the plan provides the necessary flood mitigation for a 1% annual exceedance probability

(AEP) event, it does not offer long-term solutions for the ongoing sediment buildup that
reduces the canal 6s watplarrrequirasmaadyi$409,000iMhe USACE
annual maintenance to ensure the canal system functions as intended. Additionally,

ongoing dredging operations will be essential, and there are no contingency plans in

place should the current Ala Wai Canal outlet become inoperable due to unforeseen

circumstances. Without a contingency plan in place, such as a second outlet, the plan

lacks true completeness. A second outlet could serve as a safeguard, ensuring the

canal 6s capacity and functionality in the eve
outlet. This omission leaves the system vulnerable to potential failures that could

undermine the overall effectiveness of the flood mitigation efforts. Furthermore, the

proposal from the USACE serves as a patch to a long-term issue rather than a true fix.

This approach seemingly postponesa mor e per manent solution and
addressther oot causes of the canal 6s vulnerabiliti

Installation of 6-to-9-foot floodwalls around the canal and golf course area would be
detrimental to the scenic beauty that exists around the canal today. The bike and
pedestrian path around the perimeter of the canal, as it exists today, directs exercisers
around the golf course as part of the trail. Installation of a 9-foot floodwall is going to
destroy the view of the golf course. Additionally, golfers looking to play the course would
be subject to a prison-like floodwall that encompasses the entire golf course, cutting off
view lines to the adjacent canal which the course is famous for, and restricting natural
air flow throughout the course. The community has continually expressed a strong
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desire to find a solution for the watershed that does not involve the construction of tall
floodwalls.

The damage estimates that the project is founded upon are likely too low. Reevaluation
of the damage estimate can lead to new economic feasibility. If damages are
reevaluated at a higher price, proposals that were previously determined to be
economically unjustifiable could end up as the optimal plan. Not only does the model
used for damage estimates need to be looked at, but also the results produced by the
model should be evaluated using historical data from past disasters. The entire
formulation of a plan is flawed if the damage estimate is erroneous.
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Chapter 10: Other Proposed Solutions

10.1 Blue Ala Wai Canal Foundationi Fr ee tHRrapos&®ai | 0O

The Blue Ala Wai Canal Foundation has proposed a solution to the flood risks
associated with the Ala Wai Canal by reopening the originally planned second outlet,
proposing a location for the outlet between the Honolulu Zoo and the Waikiki Shell
(Figure 29). The proposal includes plans to auction a 100-year lease to global real
estate developers, with the proceeds allocated to completing the HART rail project,
including an extension to the University of Hawaii.

Figure 29 - Blue Ala Wai Canal Foundation Second Outlet Renderings (Modified from Blue Ala Wai Canal
Foundation, n.d.)

The system would involve installing gates at both the Waikiki Beach and Ala Wai Harbor
outlets, which would operate according to the tides. At low tide, the Waikiki gate would
open, while the Ala Wai Harbor gate would close. This design allows clean ocean water
to flow into the canal from the Waikiki side with the rising tide, raising the water level in
the canal. If necessary, the canal walls must be increased in height to accommodate
the additional water. At high tide, the gates would switch positions, opening the Ala Wai
Harbor gate and closing the Waikiki gate. This reversal would facilitate canal water flow
into the Ala Wai Harbor, using the tidal shift to accelerate water movement. The closure
of the Waikiki gate during the shift from high tide to low tide would prevent polluted
canal water from being drawn out of the canal towards Waikiki beaches. This process
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would flush the canal with fresh ocean water, helping to reduce pollution and sediment
accumulation. The Blue Ala Wai Canal Foundation claims that this system could result
in a canal "as clean as Hanauma Bay" (Blue Ala Wai Canal Foundation, n.d.). The use
of tidal changes would provide the canal with two daily flushes, one with each tidal
cycle. This is a conceptual idea, and no sediment movement calculations are presented.

10.1.1 Pros of The Blue Ala Wai Canal Foundationii Fr e e tHPrapos&ai | 0

This proposal addresses significant flooding concerns for the Ala Wai Canal by
providing the additional capacity needed to mitigate flooding from a 1% annual
exceedance probability (AEP) rain event. The expanded canal capacity, achieved
through the addition of the second outlet, directly addresses the core issue facing the
Ala Wai Watershed by reducing the likelihood of overflow and enhancing flood
management. The tidal gate system proposed by the Blue Ala Wai Canal Foundation
adds another layer of mitigation by manipulating natural tidal movements to prevent
polluted water from flushing into Waikiki beaches. The system leverages the natural
tidal cycle to flush the canal twice daily, using rising and falling tides to propel water
through the canal and into the harbor, thereby aiding in the removal of pollutants and
sediment accumulation.

Additionally, the proposal outlines a broader infrastructure plan. By incorporating the
auction of a 100-year lease, the proceeds would fund the completion of the Honolulu rail
project, extending it to the University of Hawaii. This extension provides a dual benefit: it
addresses transportation challenges while potentially reducing road traffic congestion in
Honolulu. With additional stops and routes to the university, travelers would have
greater flexibility, increasing the likelihood of rail system use. The rail extension could
ease parking demand at the university, providing commuters with an alternative to
navigating limited and costly parking spaces, thus making public transportation a more
attractive and practical option for students, staff and visitors.

10.1.2 Cons of the Blue Ala Wai Canal Foundationi Fr e e t Rrapos&tai | O

The Blue Ala Wai Canal Foundation proposal offers a comprehensive approach by
addressing pollution, flood risks, and transportation issues. It presents a well-rounded
plan that aims to reopen the originally designed second outlet, allowing tidal flows to
flush the canal twice daily, thereby reducing pollution and sediment buildup. The plan
also proposes using the proceeds from a 100-year lease to real estate developers to
fund the completion of the rail project to the University of Hawaii. This approach
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provides both immediate and long-term benefits, enhancing flood mitigation through
expanded canal capacity and improving transportation infrastructure.

However, one key concern is the failure to address upstream flood risks, such as
bottlenecks at the Woodlawn Bridge. As seen in the 2004 flood event that caused
significant damage in Manoa Valley, upstream areas must be included in any
comprehensive flood control plan. The focus on downstream canal improvements alone
may leave the community vulnerable to future floods.

Furthermore, while the proposal suggests that funds from the 100-year lease could
complete the rail project, this assumption may be overly optimistic. The Honolulu
Authority for Rapid Transportation (HART) has faced continuous legal and management
challenges. The project is already more than double the original budget and is now
projected to be completed by 2031 (Fuijii-Oride, 2021), over a decade past its initially
scheduled completion year of 2020. The financial and logistical complexities involved in
ther ai |l 6s compl etion cannot be overlooked, and
funding mechanism may oversimplify the broader issues associated with the project.
The rail system requires extensive land acquisition processes, along with planning,
designing, and construction phases, all of which could take many years to complete.
This lengthy process could further complicate and intensify Honolulu's traffic issues
during ongoing construction. Given the urgency that is required for mitigating flood risks
for the Ala Wai Watershed, involving a separate project that is lengthy in nature adds
unnecessary complication to an already large-scale problem. Involving real estate
developers has potential to bring in funds that would help Hawaii but comes along with
the real estated e v e | cageada.s 0

10.2 South Shore Promenade and Coastal Open Space Proposal

The South Shore Promenade and Coastal Open Space proposal, developed by the
University of Hawaii Community Design Center, aims to address flood mitigation along
with long-term sea level rise (SLR) by restoring the Waikiki area to its natural state. The
proposal emphasizes the incorporation of wetlands, which provide natural flood
protection by absorbing rainfall. Strategies in the South Shore Promenade and Coastal
Space proposal include usage of rigid, engineered shoreline barriers, the creation of
living shorelines, adaptation to rising sea levels, and a managed retreat approach.
Additional features of the proposal include elevated infrastructure that accounts for 3
feet of SLR in the near-term and 6 feet of SLR in the long-term?. This approach not only

2 This scenario might be far-fetched and probably distant from reality.
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provides flood relief through natural processes but also creates an opportunity to
transform Waikiki into a landscape reminiscent of its historical, wetland-rich
environment. The approach is a truly long-term approach that requires significant
undertakings to transform the heavily developed Waikiki area into a more natural state.

The project goes beyond the scope of just the Ala Wai Watershed and includes a larger
portion of the south shore of Oahu. The area surrounding the Ala Wai Canal is one of
three locations the report examines for potential adaptation, along with Pearl Harbor
and the Keehi Lagoon area. While the plan is conceptual in nature, the report concludes
that implementing managed retreat strategies is easier following catastrophic events,
due to the availability of government funding (UHCDC (Stilgenbauer, et al.), 2020).
Inspiration was drawn from coastal cities throughout the world, including Vancouver,
Sydney, San Francisco, New York, and Boston, among others. The project also drew
inspiration from the Lei of Parks project, which aims to connect Waikiki and West Oahu
using a 30-plus-mile multiuse path designed to accommodate recreational activities
such as walking, hiking, and biking (The Trust for Public Land, n.d.). In addition to
incorporating a recreational path like the one proposed by the Lei of Parks project, the
South Shore Promenade project includes the addition of energy-efficient, sightseeing
water taxis and ferries that provide water-based transportation and leverage the natural
beauty of Hawaii.

Highlights of the plan include the reduction of the Ala Wai Golf Course to 9 holes, down
from its current 18-hole setup, in the Near-Term Program Design. The space saved
would be used to create a 60-acre wetland aimed at improving flood control, water
guality and the surrounding ecosystem (UHCDC (Stilgenbauer, et al.), 2020). The Long-
Term Program Design facilitates the complete removal of the Ala Wai Golf Course
altogether. The remaining 9 holes of Ala Wai Golf Course land would be converted into
a mixed-use development that replaces the traditional golf recreational activity with
lower space-impacting activities, such as basketball and sand volleyball courts. Along
with the new recreational activity zones, the Long-Term Program Design includes
additional wetlands and residences among its features (Figure 30). The plan includes a
heavy emphasis on elevating new infrastructure, including community parks, landforms,
and recreational platforms.
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Figure 30 - South Shore Promenade and Coastal Open Space Long-Term Program Design (UHCDC (Stilgenbauer,
et al.), 2020)

10.2.1 Pros of the South Shore Promenade and Coastal Open Space Proposal

The South Shore Promenade and Coastal Open Space proposal offers a creative
approach to addressing flood risks within the Ala Wai Watershed by proposing a
transformative, long-term plan for Waikiki. The design reintroduces wetlands into the
area, aimed at addressing both flood risks and environmental concerns. These restored
wetlands also bring Waikiki closer to its historical marshland state. The proposal
includes both a Near-Term and a Long-Term Program Design that aim to shift the
landscape from its existing form into a completely redesigned layout.

The emphasis on elevated development provides flood risk safety measures that extend
beyond the hydrological benefits provided by the restoration of wetlands. The proposal
provides improved pedestrian and bicycle opportunities, promoting a healthy lifestyle
accommodated by the elevated promenades proposed in the project. Completion of this
project would be a complete transformation of the Honolulu area and would include
lifestyle adaptations that incorporate the water-based solutions, such as water-taxi
transportation.
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10.2.2 Cons of the South Shore Promenade and Coastal Open Space Proposal

While the plan is well-thought out and presents visionary transitions for both near-term
and long-term improvements, it remains conceptual at this stage. The elevation of
surrounding infrastructure was included in the plan to accommodate for rising sea
levels, but the cost of such development would be exorbitant. This plan is larger in scale
than just the Ala Wai Watershed, proposing a complete transition of the Honolulu area
from Diamond Head to Pearl Harbor. Although the plan mentions the possibility of
working in conjunction with the U.S. Army Corps of Engineers6(USACE) plan, the
introduction of proposed wetlands goes beyond the scope of the USACEG #la Wai
Watershed Flood Risk Management Project (UHCDC (Stilgenbauer, et al.), 2020).

The proposal would have a significant impact on existing communities, requiring a major
change from the current living environment. The Ala Wai Golf Course, which has been
distinguished as the busiest golf course in the world, serving approximately 180,000
rounds per year (USACE, 2015) would be completely removed. Given this fact, there is
expected to be considerable resistance to this proposal by those who use the Ala Wali
Golf Course.

Additionally, the premise of a 3-foot near-term sea level rise (SLR) and a 6-foot long-
term SLR protection plan may be overestimating the SLR problem. As noted by the
ongoing century-old study being performed by the National Oceanic and Atmospheric
Organization (NOAA), SLR is projected at roughly fifteen centimeters per 100-years or
approximately six-inches (NOAA, n.d.). Historical data dating back thousands of years
supports a potentially cyclical nature for sea level fluctuation and shows the existing
SLR trend may be slowing. If the targeted design overestimates potential SLR, the plan
will be over-engineered, and costs will far outweigh the benefits.

With a plan of this magnitude comes potential unintended consequences. Implementing
a proposal of this scale would require extensive additional studies to assess its impact.
The assessment process has proven to be both costly and time-consuming, as
demonstrated by the ongoing efforts of the United States Army Corps of Engineers
attempt to execute their significantly smaller-scale plan, which has been in development
for over two decades. The proposal is a visionary report, and plans for realization of the
proposal are not discussed in detail in the report (UHCDC (Stilgenbauer, et al.), 2020).
An implementation strategy would need to be developed, along with additional feasibility
assessments.
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10.3 Five-Step Solution

Many proposals have been put forth to address the flood risks associated with the Ala
Wai Watershed. Michael Elhoff, founder of Hawaii Engineering Services, LLC, offered
an engineering perspective in his proposal, which includes a five-step solution. The five
steps in EI hof f 6@®ahpMaidd02, 20219: as f ol | ows

1. Increase watershed absorption and minimize erosion from invasive pigs and
plants.

2. Integrate detention basins at Ala Wai Golf Course, Manoa.

Dredge Canal to 151 25-foot depth.

4. Install a 30 cubic feet per second (CFS) fresh seawater pump at Kapahulu Pier
with a microtunnel to the Ala Wai Canal.

5. Install 3,000 CFS stormwater pumps and floodgates at Ala Moana Bridge and the
Manoa-Palolo confluence to minimize upward walls and address triple flood
threat.

w

According to Elhoff, the most impactful short-term action that can be taken to alleviate
flood concerns is control of invasive plant and animal species within the watershed.

El hoffds proposal I nvol ves i nteatfeedslithenagal a p u mp
through a microtunnel, bringing fresh seawater into the canal, diluting the polluted runoff
canal water by supplementing it with clean seawater. Elhoff also proposes a substantial
dredging operation for the canal, bringing its depth to the 15-25-foot range. Dredging of
this magnitude provides a long-lasting effect, rather than merely masking the problem in
the short term with ongoing maintenance dredging. These dredging operations would be
supplemented by invasive species control, which Elhoff emphasizes should be the
priority. Together, they would significantly reduce the frequency and magnitude of
ongoing maintenance dredging. In his proposal, Elhoff calls for the installation of 3,000
CFS pumps that facilitate water flow in the canal and would be utilized during storms to
reduce buildup from peak stormwater flow. The pumps would be turned on prior to any
major storm to lower the water level in the canal in anticipation of incoming stormwater
flows from the upper portion of the watershed. Lastly, Elhoff calls for integration of
detention basins at the Ala Wai Golf Course, and in Manoa that will provide additional
overflow capacity during extreme rain events.

10.3.1 Pros of the Five-Step Solution

The proposal by Elhoff is simple, yet impactful. His ideas related to invasive species
contr ol aim to tackle the root cause of the w
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states, without addressing the root cause, you are just applying a band-aid to the issue
(eahawaiil902, 2021). His proposed utilization of pumps would not only dilute the

polluted canal water, but also drawdown water levels in advance of storms. The pumps

would provide cleaner canal water and address canal capacity issues during peak

stormwater flows. Rat her t han constructing fl oodwall s t
dredge the canal to its originally intended depth would achieve the desired capacity

increase that would be provided by floodwall installation. The usage of The Ala Wai Golf

Course as a detention basin is a solution that is currently implemented into the U.S.

Army Corps of EngineersoTentatively Selected Plan (TSP), selected based on its

substantial benefits provided at relatively low cost. Elhoff& proposal addresses flood

concerns, water quality and sedimentation, and is rooted in the utilization of pumps.

El hoffbds proposal extends beyond erpationof a Wai
the watershed to address the root invasive species problem, which is a clear strength of

his plan. It emphasizes the need to examine the entire watershed, including the three

main valleys that comprise it. The comprehens
isolated solutions, offering a more holistic approach.

10.3.2 Cons of the Five-Step Solution

The five-step proposal by Elhoff is simple on the surface. His proposal theoretically
addresses many challenges facing the watershed and avoids the installation of
excessive floodwalls. However, the five-step process would require significant
undertakings. Dredging the canal down to the 15-25-foot depth proposed by Elhoff
requires more than just dredging operations, extending into existing floodwall repair and
renovation to accommodate the new canal depths. Not only would the dredging
operations be complicated and extensive, but modifications to the existing walls would
also present significant challenges. Given the aging and deteriorating condition of the
existing canal walls, their structural integrity would need careful evaluation. Dredging to
depths of 151 25 feet would likely require the installation of temporary retaining walls to
support the existing canal floodwalls during modification. While this approach offers a
durable, long-term solution, the scope of work required is substantial.

El hoffds proposal to install pumps for not on
seawater creates an improved hydraulic system for the canal. The installation of a

microtunnel linked to the ocean does theoretically dilute the polluted canal water, but

the process of installing a microtunnel from the ocean to facilitate the fresh seawater

inflow would be extensive. The existing landscape from the Kapahulu Pier to the Ala

Wai Canal is heavily developed, making installation of the approximately half-mile
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underground microtunnel complex and raising questions about its viability. If a tunnel is
to be included, a larger tunnel that accommodates outflows may be a more effective
solution. When reviewing the Elhoff proposal, Dr. Amarijit Singh raised safety concerns
regarding the proposed pump location at the Kapahulu Pier, which serves as the inlet
for the proposed microtunnel. Although Elhoff mentions a screen cover would be
installed, the pump suction could be potentially dangerous to swimmers in the area. At
the proposed 10-foot depth, the safety of curious swimmers would need to be
considered prior to installation (Dr. A. Singh, personal communication, October 28,
2024).

10.4 Subsurface Watershed Inundation Flow Technology (SWIFT)
Proposal

The Subsurface Watershed Inundation Flow Technology (SWIFT) proposal was

developed by Oceanit, a scientific consulting company hired by the City of Honolulu to
create a community driven solution to the Ala Wai Watershed flood risk problem. SWIFT
was the result of 13 community outreach meetings and is aimed at solving the water
buildup issue as its singular focus. The concept consists of 12-foot diameter tunnels that

SWIFT

Subsurface Watershed Inundation Flow Technology
Technology Innovation for Resilient and Sustainable Engineering Sclutions

irout

ELEY — 2f¥

12' Diameter
Tunnel

= <)
oceanit.

Figure 31 - Subsurface Watershed Inundation Flow Technology (Swift) Design Concept
(Hawaii County, n.d., retrieved from Oceanit)
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run from the middle-lower portions of the watershed all the way to the ocean,
approximately 2-4 miles in length (Figure 31). The tunnels would be bored 40 feet
underground and construction would begin from the ocean side. The tunnels are aimed
at intercepting stormwater buildup from peak flows, creating a relief outlet that allows
stormwater to bypass the Ala Wai Canal (Oceanit, 2020). The 12-foot design was
optimized for cost, efficiency and to minimize environmental impacts by removing only
necessary amounts of water. Utilization of the SWIFT system would begin around the
20-year storm range, or 5% AEP. Given the layout of the watershed, Oceanit was able
to determine through modeling that tunnels in Manoa and Palolo would be sufficient and
construction of a third tunnel in Makiki would not be necessary. Initial cost estimates
were prohibitive, reaching close to $600 million. Further exploration of contractors
helped reduce cost estimates, bringing them down to a more acceptable range,
estimated at about $262 million for both tunnels combined (Oceanit, 2020).

The inlet location for the proposed Manoa tunnel is still to be determined, but the idea is
to place it at Noelani Elementary School, just downstream of the Woodlawn Bridge, to
help alleviate pressure on the stream capacity at this crucial bottleneck. The Palolo
tunnel preliminary inlet placement is selected to be located at the intersection of Palolo
Avenue and the Palolo Stream. The tunnel inlets would be equipped with screens to
protect against debris entering and clogging the system. The directional flow allows
gravity to transport the water from the inlet to the outlet. As pointed out by the Oceanit
team, the ability to use gravity to transport the water from the watershed to the ocean
eliminates the need for a pump system. Pump systems require two pumps to create
redundancy. Additionally, electricity and maintenance are required for pumps, creating
supplementary ongoing costs for operation (Oceanit, 2020). At the outlet for each main
proposed tunnel, a manifold is used to split off each tunnel into three separate 7-foot
diameter microtunnels that deposit the outflows approximately 2,000 feet off the
coastline. The microtunnels would be equipped with a flapper valve that only allows
single direction flow, towards the ocean, preventing backflow issues.

Additional considerations being looked at by the Oceanit and USACE teams are the
potential to include an additional tunnel that runs from the Ala Wai Canal to the Palolo
tunnel manifold. This option would create an ability to not only pump excess water out of
the canal into the tunnel system, but also can help to facilitate water circulation in the
Ala Wai Canal, improving water quality.
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10.4.1 Pros of the Subsurface Watershed Inundation Flow Technology (SWIFT)
Proposal

The SWIFT system offers a solution that is community driven. The concept of creating
tunnels from the Manoa and Palolo Valleys to the ocean to provide relief for stormwater
buildup provides a basic, impactful solution that helps solve the flood risk problems
associated with the Ala Wai Watershed. The contractor that provided the $262 million
estimate has already produced a project similar in nature. The contractor was
responsible for the execution of the Kailua-Kaneohe Sewer Tunnel project. The Kailua-
Kaneohe Sewer Tunnel project consists of a 10-foot diameter tunnel running
approximately three miles in length and 35-65 feet underground. The project cost $375
million and took 13 months to complete. Importantly, the project was completed on time
and on budget (Oceanit, 2020). Having an experienced contractor with a track record of
completing a similarly complex project on time and within budget provides reassurance
of the accuracy of their estimate and their capability to execute the project effectively.
The ability to execute a project on time and within budget is critically important,
particularly given the disaster mitigation goals of the SWIFT project. The Honolulu rail
project, by contrast, is already more than a decade past its initially scheduled
completion and has doubled its original budget (Fujii-Oride, 2021), an outcome the Ala
Wai Watershed Flood Mitigation Project cannot afford to repeat.

10.4.2 Cons of the Subsurface Watershed Inundation Flow Technology (SWIFT)
Proposal

The proposal put forth by Oceanit is conceptually simple, but rather complicated to
execute. With the complexity of the tunnels, the project requires extensive tunnel boring,
driving up the cost of the project. Due to the nature of its underground placement,
geotechnical surprises could be awaiting the construction, potentially leading to
escalating costs. According to Jeff Herzog, USACE Project Manager for the Ala Wai
Flood Mitigation Project, the $262 million price tag would not fit into the federal budget
for this project. Jeff cites his reasoning is due to the additional supplemental features
that would still be required downstream for this project to obtain the target 1% AEP
event flood mitigation (Oceanit, 2020). The USACE® &eneral Reevaluation Report
expanded their analysis on the SWIFT tunnel proposal and the idea was screened out
due to the costs outweighing the benefits provided by the proposal. While the idea is
strong, it does not provide a complete solution, and instead is just one piece of a larger
flood mitigation system required for the Ala Wai Watershed. The scope of the SWIFT
project is limited, focusing solely on providing water capacity relief during 20-year or
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greater storms rather than offering a comprehensive solution that addresses the entire
Ala Wai Watershed and its associated challenges.

10.5 Dr. Amarjit Singh Proposal

When discussing the issue with Dr. Amarjit Singh, Professor of Civil, Environmental and
Construction Engineering, a modified approach was suggested. The USACE® proposal
includes an average height for floodwalls around the canal of approximately six feet. Dr.
Singh proposed a hybrid system to achieve the same flood risk mitigation. With six feet
being the key number identified through intensive studies done by the USACE, Dr.
Singh has suggested achieving the six feet of additional required protection identified by
the USACE for the canal through a combination of excavation and floodwalls. To add
aesthetic effect, Dr. Singh proposed the usage of high-strength, clear plastic or glass for
the floodwalls. Using a clear material for the upper portion of the wall would allow the
canal to maintain the visual appeal that many are afraid to lose if we were to add an
additional six feet of walls. While the USACE has proposed a raised sidewalk to
alleviate concerns of the line of sight of the canal, the proposal does nothing to protect
the view from the makai side of Ala Wai Boulevard, or the street itself. As the six-foot
floodwalls are designed to protect from flooding during a 1% annual exceedance
probability (AEP) event, the proposed clear floodwall extensions would be used almost
as if they were aquarium walls used to enhance an exhibit.

To protect from overly exhausting maintenance for the canal bed, Dr. Singh proposes
constructing a canal floor bed made up of compacted stones to maintain stable depth
levels required to contain the 1% AEP event. While sedimentation will still exist, the use
of a compacted stone floor for the canal can allow for smoother flow and lesser
turbulence in flow. The sediment build-up can be controlled and the areas requiring
maintenance dredging can be more easily monitored. An extension of this proposal is to
i ne the canal base with ¢ onwmateedl ferth8 eéntiré¢ hi c k .
canal will be about 40,000 cubic yards (CYD), which might cost $10 million. This is not
much in the larger scheme of things.

Taking the proposal a step further, Dr. Singh suggests using the canal as an attraction
by developing a small marketplace above it. Stairs could be constructed from the
sidewalk level, leading to a marketplace that overlooks the canal and features a
selection of vendors. Furthermore, Dr. Singh proposes the implementation of a ferry that
runs from Ewa Beach to the Ala Wai Canal. The ferry would provide another
transportation option from West Oahu, extending further than the existing rail line that
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currently runs from Kapolei to Aloha Stadium. These initiatives proposed by Dr. Singh
create revenue opportunities, attract tourism, and repurpose the Ala Wai Canal as more
than just a stormwater outlet, transforming it into a valuable community asset. A similar
development is ongoing in San Pedro, California, as part of the West Harbor
redevelopment project. The $155 million project spans over one mile of waterfront
space, includes three new overwater dining decks and features 150,000 square feet of
retail space (Chow, 2022). Similarly, a water taxi system has been proposed as an
extension to the development to connect surrounding areas and provide a new form of
transportation (SWA Group, 2023).

105.1Pros of Dr. Amarjit Singhoés Proposal

Dr. Amarjit Singhdés proposal offers a creatiyv
the aesthetic appeal of the Ala Wai Canal without necessitating the raised sidewalk

approach proposed by the U.S. Army Corps of Engineers. His plan incorporates high-

strength, clear glass or plastic as a floodwall extension, preserving the scenic views for

pedestrians, cyclists, and motorists alike. The design effectively addresses flood risks

for the lower portion of the watershed, particularly safeguarding Waikiki from a 1%

annual exceedance probability (AEP) flood event (which is another way of phrasing a

100-year flood). Understanding that the floodwall extensions would only be required

Figure 32 - Dr. Amarjit Singh Proposal Rendering (Modified from National Park Service, n.d.; Google Earth, n.d.)
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during extreme weather conditions, the proposal maintains the canal's everyday
functionality and appearance. The strength and durability of materials such as high-
strength glass or plastic are well-documented, as seen in aquarium designs that hold
significant water pressure. The design could be implemented on top of a lava rock wall
base, with the high strength glass panels above it, used as an extension to the floodwall
(Figure 32).

Dr. Singhodos vision transforms the Al a Wai Can
into a valuable community asset. The proposal takes advantage of the beauty offered

by the canal and provides opportunities for local vendors to capitalize on. The ferry

system builds on the functionality of the canal even further, providing alternative

transportation options into and out of the Waikiki area. Additionally, the route to the west

side of Oahu builds on t heSatad@ It oypomeadtitheo fi dKa p
fSecondCi t yo was designated in 1977 by the City &

accommodate Oahudbés future growth, suppl ement.
Division, n.d.). The water ferry proposed by Dr. Singh provides another transportation
optontoandfrom t3eeondCi t yo, taking advantage of the 1

surrounding ocean.

Addi tionally, Singhds recommendation te renov
term benefits by maintaining canal depths, thus reducing the frequency and cost of

maintenance dredging operations that the canal currently requires. Usage of a canal

floor bed made of up of compacted stones or concrete will still require maintenance

dredging but can help reduce the frequency. The most recent canal dredging effort

completed in 2022 included five areas, removing 186,000 cubic yards (CYD) of

sediment. Each dredging area is unique in its layout and requires varied construction

methods across the different locations for the overall project (Hawaii Department of

Land and Natural Resources, 2019).

1052Cons of Dr. Amarjit Singhdés Proposal

Dr. Amarijit Singh's proposal complements the U.S. Army Corps of Engineersoplan,
enhancing both aesthetics and maintenance. Key features include a rock floor bed with
an option for a concrete bed and clear wall extensions, which address visual appeal and
canal upkeep. However, clear walls pose potential challenges such as the need for
regular maintenance to preserve visual clarity. Over time, issues like dirt accumulation,
scratching, and vandalism could affect the long-term durability and appearance of the
walls, requiring a dedicated maintenance strategy to retain their designed visual
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integrity. Concerns over walls becoming targets for graffiti were also raised by Teri
Skillman (Star Advertiser, 2020). However, with cameras along the canal and some
increased patrolling, all vandalism can be substantially reduced. Clear materials with
structural strength sufficient to hold significant volumes of water would be expensive.
Even if glass or plastic panels were installed, with the capability to replace individual
panels, the material itself would be costly, and ongoing panel replacement would remain
a continual challenge.
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