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Overview

This report evaluates Passive Flood Barriers for flood risk reduction in San Francisquito
Creek’s Urban Reach 2 Area, from West Bayshore Road to El Camino Real. This evaluation is
for information only. The San Francisquito Creek Joint Powers Authority does not advise
against nor recommend any flood barriers listed in this report.
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1.0 Introduction and Summary

New flood barrier technologies are being developed to reduce the risk of flooding and provide
resilience for sea level rise and the predicted higher frequency of intense storms. Each flood
barrier option provides a different approach to flood risk reduction, and existing and emerging
technologies increase potential options to consider.

In 2015, A Better City released a report titled Passive Flood Barrier Overview and Product
Comparisons that compared three permanent passive flood barrier options. Since 2015, new
barriers have been introduced while some other companies that were evaluated have closed
business. This report aims to provide an update the 2015 report by providing information on
eight permanent and passive flood barriers currently available and evaluates their potential
applicability for San Francisquito Creek Joint Powers Authority’s (SFCJPA) Urban Reach 2
project.

There are over thirty barriers from various flood protection companies on the market. This report
focuses on Permanent Passive Flood Barriers. For the purposes of this report, the term
“Permanent Passive Flood Barrier” is defined as a barrier that has components that are
permanently built into the ground or city infrastructure. Additionally, such barriers deploy
passively, meaning that no human intervention is needed during a flood event for these barriers
to deploy. Some electronic barriers are included as well, since electronically activated barriers
require little human intervention to deploy.

The SFCJPA does not advise against or recommend any of the flood barriers evaluated in this
report. This report is for information only. Further analysis, site-specific assessment, and
communication with suppliers are necessary for the implementation of any flood barrier.

2.0 Background

As part of the Urban Reach 2 project, the SFCJPA is evaluating potential additional or
augmented alternatives for flood risk reduction, including flood barriers. This report aims to
provide information on the flood barrier options available to assist in the evaluation of
alternatives to reduce flood risk along the creek within the Urban Reach 2 area, which spans
from West Bayshore Road to EI Camino Real.

Many assumptions were necessary to evaluate the status of the different flood barriers,
including location, height and length. Engineering and hydraulic evaluations are currently
underway for project alternatives at Reach 2, but for the purposes of this comparison, these
assumptions were made to allow for more uniform comparison. This information is based on
research, through online sources and manufacturers’ product information, and discussion with
company representatives and is considered current at the date of this report.


https://www.abettercity.org/docs-new/2015.09.09%20Passive%20Flood%20Barrier%20Publication.pdf
https://www.abettercity.org/docs-new/2015.09.09%20Passive%20Flood%20Barrier%20Publication.pdf

This report considers flood barriers for the broader Reach 2 area; specific location(s) for
preventing bank overtopping are currently being evaluated based on the updated HEC-RAS
model for the San Francisquito Creek watershed.

The Reach 2 area of San Francisquito Creek has a fully developed floodplain and within a
deeply incised channel with a high sinuosity. There is limited space between roadways and the
creek, and there are a significant number of nearby utilities both buried and above ground. Any
barrier considered must be able to accommodate curves, have limited surface area, and have
adequate funding and community support.

San Francisquito Creek is also considered to be “flashy,” meaning that there are rapid changes
in stream flow in response to storm events. Based on monitoring in the upper watershed, it is
estimated that the time for water to travel downstream and overtop the banks in the Urban
Reach 2 area is approximately 45 minutes. Therefore, any barrier considered needs to be
deployed very quickly to be effective, ideally within 45 minutes.

This evaluation considered passive flood barriers at an assumed height of 6 ft. This was not
based on actual flood load or required height. This height was selected as an estimate based on
floodwalls of 1-3 ft that are already part of the project near University Avenue in East Palo, with
an added 3-4 ft as an arbitrary factor of safety.

This evaluation assumed a flood barrier length of 500 feet to standardize costs. The costs
provided by vendors were then converted to cost per linear feet. Actual costs for installation are
not known but material costs were used to compare relative costs by barrier type.

3.0 Types of Flood Barriers

All flood barriers serve as a method to protect infrastructure, homes, and businesses from flood
waters. Advancements in flood barrier design have led to classification based on differences in
deployment types (manual, powered, or passive), duration (temporary, partially permanent, or
permanent), and orientation (horizontal or vertical). All currently available types are investigated
in this report.

Table 1 summarizes the evaluation of flood barriers based on the criteria listed.



Name Type Installed in Purchase Installation Maintenance Overall
us? Price* Feasibility
a FloodBreak Passive Yes $2 mil Complex Annual 3
E (support walls) inspection
©
E Aquafragma Passive No $1 mil Complex Periodic 1
s (manufacturing cleaning/testing
c needed
s )
N
'5 WK Model FG- Passive Unknown, $3 mil Simple Replacement of 2 I:I Feasibl
I AR but US based parts every 15 easible
years
Possible, further
o | SelfClosing Passive Unknown, $3 mil Simple Water needed for | 2 evaluation needed
K Flood Barrier but US based bi-annual testing
= Not feasible, logistical
@ barriers identified
a arriers identifie
© Vertical Rising Electronic Unk but US $4 mil Simple Annual 2
L Barrier based inspection
E * Price assumes 6-foot-tall
> RSA Concrete Electronic Yes Unknown Simple Monthly 1 barrier, 500 ft in length. This
Flood Barrier maintenance is the purchase price of the
barrier, and do notinclude
— M .
T Glass Wall Passive Yes $800k Complex None 3 installation or O&M costs.
g (concrete base)
©
8 Invisible Flood Manual Yes $400k Simple Inspection and 1
el Control Wall Inventory

Table 1: Summary of eight permanent barriers evaluated in this report

Temporary vs. Permanent Barriers

Currently, temporary barriers make up most of the flood barrier market. Temporary barriers are
deployed when a flood is predicted/ongoing. After the flood, the temporary flood barrier is either
discarded or stored for reuse. Most temporary barriers are 3-4 ft tall and easily deployed.
However, temporary barriers have a higher risk of failure due to possible human errors during
deployment and take longer to deploy compared to most permanent options. The higher risk of
failure, limited height, and longer deployment time are limitations. In addition, storage and
permitting concerns for some types of temporary barriers make them less suitable for long term
flood risk reduction. For these reasons, temporary barriers are not included in the detailed
evaluation of flood barriers. Temporary barriers could be applicable until permanent solutions
are designed and implemented. Appendix A - Master Table of Flood Barriers Evaluated is a
detailed table of all technologies researched as part of this evaluation and Appendix B —
Removed Technologies is a summary of rationale for not moving forward at this time with
temporary barriers.

Permanent flood barriers, conversely, are permanently installed into a location for protection.
The initial installation is longer and more intensive, often requiring excavation. However, by
installing the barriers prior to a flood event, the deployment of the permanent flood barriers will
be quicker than the installation of temporary flood barriers just before a flood. In addition, by not
needing crews to deploy temporary barriers, additional labor could be used to support other
emergency response services for the community. Some community members strongly oppose



permanent options like flood walls. However, retractable permanent passive flood barriers may
be acceptable to the affected communities.

Manual, Electronic, and Passive Flood Barriers

There are three overarching strategies to move the flood barrier to an operational position:
manual deployment, electronic (powered) deployment, and passive deployment.

Manual deployment requires a team to raise the barrier during a flood event. Most manually
deployed barriers are not permanently installed into a location. However, some barriers, such as
SpringDam, are permanently installed into the ground, then raised when a flood event occurs.
Often, manual deployment is time consuming, and therefore may not be the best option for
Reach 2 due to the flashy nature of the creek and limited warning time prior to bank
overtopping, which would require floodwalls to be deployed within 45 minutes. While
deployment times will vary, manual deployment is estimated to require 40-60 minutes for 500 ft
of floodwall as well as readily available staff during storm events. This estimation is based on
the 25 minutes per 100 m for Rapidam flood barriers and “less than one hour” per 100 yards for
the Inero temporary flood barriers deployment rates. Other barriers, such as TigerDam, can be
deployed quickly (under 90 seconds for 50 ft for TigerDam). However, many of these faster
deploying barriers do not reach the 6 ft height that has been assumed to be necessary for flood
protection in this report.

Electronic and passive flood protection require less manpower and time to deploy. Powered
flood barriers are often raised within a couple of minutes via sensors or buttons. Meanwhile,
passive barriers utilize flood water to move the barrier into position without human action. Since
passive flood barriers rise in correlation with flood waters, there is no set time for deployment.
Passive flood barriers rise immediately when flood water is present. No information could be
found about fast rises in water negatively impacting the effectiveness of flood barrier
deployment. FEMA prefers passive barriers compared to manual barriers. According to the
FEMA report Reducing Flood Risk to Residential Buildings That Cannot Be Elevated, passive
floodproofing barriers and permanent floodwalls can “moderately to significantly reduce flood
risk” (FEMA, 2015).

Horizontal and Vertical Permanent Passive Barrier

The various orientations of the barrier have resulted in subcategories for electronic and passive
flood barriers. Horizontal and vertical flood barriers distinguish between the orientation at which
the barrier is stored within the ground. Both types of barriers have benefits and drawbacks,
which will be discussed in the following sections.


https://www.fema.gov/sites/default/files/2020-07/fema_P1037_reducing_flood_risk_residential_buildings_cannot_be_elevated_2015.pdf

4.0 Horizontal Passive Flood Barriers

Horizontal Passive Flood Barriers are a type of permanent passive flood barrier that remains
horizontal when not in use. During a flood event, flood water enters a drainage system collects
under the flood barrier. The accumulation of water under the barrier causes the barrier to lift.

Figure 1: Horizontal flood barrier before and after deployment. Source: A Better City

The passive horizontal flood barriers retract into the ground when not in use and do not
therefore form a large visual barrier and may be more acceptable to residents who oppose
traditional floodwalls. Additionally, horizontal flood barriers can be used as a sidewalk or part of
a road when not deployed. This is beneficial in constrained areas of the roads adjacent to San
Francisquito Creek.

Horizontal barriers do not require deep excavation when compared to vertical flood barriers.
Typically, for a 6 ft barrier, only 1-3 ft of excavation is required for horizontal barriers while
vertical flood barriers often require 7-14 ft of excavation. However, horizontal barriers require a
large surface area to be excavated, since they lie horizontally. For example, a 6 ft barrier that is
500 ft long would need a minimum surface area of 3000 sq. ft available to install the barrier. This
can be troublesome if there is underground infrastructure, such as utilities.

The advantages and disadvantages of the following three available types of passive horizontal
flood barriers are examined, along with an analysis of potential applicability to the Reach 2 area.
e FloodBreak
e Aquafragma
e Walz & Krenzer Inc (WK) Model FG-AR

The information includes current company profile, installations to date, installation and
operation/maintenance requirements and cost information.



4.1 FloodBreak

Figure 3: FloodBreak camouflaged into landscape. Source: FloodBreak (Right)

FloodBreak’s flood barrier is a horizontal passive flood barrier that is increasingly being selected
as a component of flood protection projects across the United States. FloodBreak’s products are
custom manufactured to meet the design specifications for each project. The aluminum and
steel barrier utilizes displacement and hydrostatic pressure of flood water to lift itself into an
upright position. As flood water rises, it accumulates under the buoyant barrier and lifts the
barrier. The flood water also creates hydrostatic pressure, which is used to hold the barrier in
place. When the barrier is not used, it retracts into the ground, keeping the view clear for
residents. A video showing FloodBreak’s barrier is shown here.

On their website, FloodBreak advertises various flood barriers to be used in different
applications. For example, their creek-side flood barrier is called FreeView. Despite having its
own name and being advertised to span longer distances, FloodBreak representatives
explained that the term “FreeView” is more of a marketing tool and not a unique barrier. There
are no substantial differences in their original FloodBreak barrier and FreeView.

Company Background

FloodBreak is a Houston-based company that specializes in horizontal passive flood barriers.
FloodBreak has been implemented across the United States. Although the company has yet to
finish the installation of a FreeView barrier in California, they have installed many other flood
gates across the state.

FloodBreak is working with many local organizations to begin installing FreeView barriers in the
Bay Area. Currently, Valley Water is in the final stages of installing a FloodBreak barrier at their
Calera Creek project. Additionally, they are in the planning stages of installing more than 3000 ft
of a 5 ft FreeView barrier at Coyote Creek. FloodBreak barriers are also planned as part of the
City of San Francisco’s Embarcadero Sea Wall project, which aims to introduce 6.2 miles of
flood barriers along the waterfront. As part of this project, FloodBreak will install 1200 ft of their


https://youtu.be/tvDSkMrJx8U?si=M5CXkDKX6DPWuKcg

barrier into the sidewalk near Wharves 5 and 26. The Embarcadero Sea Wall project is currently
in the conceptual phase.

Reach 2 Concept Ideas

The FreeView barrier can span hundreds of feet along a straight path without any intermediate
support posts. Each barrier section requires two support walls bookending each barrier section.
Any supports that are included in the design are not designed by FloodBreak. The SFCJPA
would need to work with an outside company to design the supports. The barriers can reach a
maximum height of 10 ft 9 in.

The FreeView barrier also has the option to include a hydraulic lift. Using a push button, the
barrier can rise when no flood water is present. The optional hydraulic lift would be used to
deploy the barrier ahead of time if a flood is predicted. However, adding power operation would
nearly double the price of the barrier. Without power operation, a 500 ft long flood barrier is
estimated to cost $1,002,231, or $2,004 per ft. Including the hydraulic lift would add $848,458 to
the cost for a total cost of $1,850,689, or $3,701 per ft.

The curving of San Francisquito Creek is a potential issue for the use of FreeView barriers. One
solution is to connect multiple barriers together to form a curve. An example of using multiple
barriers to create a curve can be seen in Figure 4 below.

Ruer Google Earth Pro -8 n
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Figure 4: Design concept for wooden flood wall replacement by University Ave, East Palo Alto.
Source: FloodBreak.

Placement in Road

In constrained areas the flood barrier location may be placed on roadways. FloodBreak
confirmed that their flood barriers meet the standards required for a barrier to be placed on a
road. There were past worries that the barrier could get damaged over time by the vehicle
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loads, which would reduce the design life. However, FloodBreak has stated that this will not be
an issue.

Due to the support walls, locating the barrier in the road may be difficult. As shown in Figure 5,
past road applications have used FloodBreak across roads. However, running the barrier
parallel with the road is unusual. The support walls would block traffic. A possible remedy is
running the barrier diagonally across the road. In this case, support walls would be placed off
the road, but still be able to span the street’s length. The support walls can be designed as
aesthetic garden walls to add to the landscape.

Figure 5: Image of FloodBreak Barrier crossing a road in Scottsdale, AZ.
Installation

Despite FloodBreak’s engagement on several California projects, such as Coyote Creek for
Valley Water, FloodBreak has yet to install a permanent passive barrier in California. According
to FloodBreak, this makes it difficult to estimate the cost and time needed for the installation of
FloodBreak barriers. Under ideal conditions, the installation of a 500 ft FloodBreak barrier
should take 10 weeks. Installation would include excavating a volume of soil at least 5.5 ft deep
and 10 ft wide over various lengths. However, the volume excavated depends on the final
design.

All the permanent flood barriers considered require partnering with construction contractors for
the installation of the barriers. FloodBreak would design the barrier and provide plans to the
construction crews. After the installation, FloodBreak will inspect the barrier and provide their
Flood-Ready Certification, which certifies that the barrier is flood ready.

Maintenance

When a FloodBreak barrier is completed, FloodBreak will provide the owners with a
maintenance manual and teach them how to conduct a float test to make sure that the barrier is
functional. As part of the Flood-Ready Certification, FloodBreak will provide a quote for a
warranty, which covers the price of maintenance and updates on the barrier for a specified
period of time.

11



Annual maintenance consists of an inspection of the barrier. This inspection includes a 20-step
check-off procedure to make sure all of the elements of the barrier are functional. The inspection
is done by FloodBreak professionals. FloodBreak estimates that with regular maintenance the
barrier will live up to its expected design life of 50 years.

If FloodBreak is placed in the road, then the road will be closed annually during maintenance.
Annual maintenance is expected to take 1-2 hours.

Impact on Community

FloodBreak barriers retract into the ground when not in use. The above ground intermediate
supports are visible, but many will not notice the barrier as they go throughout their daily lives if
the supports are not located in the roadway. The only time the FloodBreak barrier may
inconvenience residents is during maintenance road closures. Additionally, any cars parked on
the creek side of the road could get trapped during a flood event.

Pros Cons
e Out of sight e Large surface area
e Optional power operation ¢ Difficulty curving
e Trusted by local organizations o Side walls needed
¢ Simple maintenance and costs e Potential for trapped cars in a flood
event

12



4.2 Aquafragma

Figure 6: Aquafragma being deployed. Source: Aquafragma. (Left)
Figure 7: Aquafragma retracted into the ground (grey). Source: Aquafragma. (Right)

Note: Aquafragma develops the designs but does not fabricate the product. The designs would
need to be manufactured by a separate vendor introducing uncertainty and risk to the
fabrication process. Therefore, unless this key aspect changes in the future, Aquafragma is not
currently considered a viable option for San Francisquito Creek.

Aquafragma is a fully passive barrier that is only offered through their own company,
Aquafragma Ltd. Aquafragma functions similarly to FloodBreak but has a much different design.
As flood water flows into the drainage area as shown in Figure 8, it raises a buoyant joint that
controls the height of the barrier. As the joint moves downwards, the barrier is lifted into place.

Unlike FloodBreak, Aquafragma is fastened to ground plates, which enables it to stay upright
without sidewall supports. Another design feature is a debris protector. The barrier consists of
two vertical barriers. The main barrier prevents flood water from reaching the dry side.
Meanwhile, a second debris protector barrier protects the barrier from large debris carried in the
flood from damaging the barrier. Aquafragma is the only flood barrier currently known to have
this feature.

gEmcE g

1. Normal position 2. Before liquid reaches floor 3. Protection achieved
level
Barrier hidden inside pavement. Successfully blocks liquid
Withstands any traffic load. As water increases,the liquid gate

rotates until upright.

Figure 8: Steps to deploy the Aquafragma flood barrier. Source: Aquafragma.
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Company Background

Aquafragma is based in Cyprus and the United Kingdom. The company was founded by Dr.
Antonis Toumazis with the goal of creating a self-operated barrier for flood, spill, and other
protection. The company lists one implementation of their barrier in Nicosia, Cyprus in 2019.
There is a lack of other examples of successful flood protection from Aquafragma.

When determining possible flood barriers, it is important to consider the Build America Buy
America Act, which requires that any infrastructure built with federal funding must use materials
made in the United States.

Reach 2 Concept Ideas

Placing Aquafragma on the road is a feasible option because the Aquafragma barrier does not
require side walls. During a flood, one road lane will be closed for the barrier, while the other
lane would be open for people to evacuate if necessary. Additional locations such as at the
creek bankside, as a sidewalk, etc. are also viable options. Excavation for the barrier is
shallower than FloodBreak. This barrier requires excavation of one-third of the designed height.
For a barrier of 6 ft, the excavation would be 2 ft.

The standard sizing for a barrier is 6 ft tall and 7.8 ft wide. However, Aquafragma’s barrier can
be designed to fit any dimensions. Like FloodBreak, Aquafragma has difficulty curving. The
SFCJPA would need to provide Aquafragma with a map to study the curving and develop a plan.
Most likely, multiple barriers will be connected to navigate the curve.

Aquafragma is lower cost when compared to other rising passive barriers with an estimated cost
of $4,372 per sq. meter ($406 per sq. ft). There is no powered option for the barrier. Based on
the estimated length of 500 ft and 6 ft in height, the total cost of the barrier would be
$1,220,000. However, the lack of additional installations and unknown additional costs for
manufacturing and installation of the barrier make this option more risky and potentially more
costly.

Installation

Aquafragma requires that their barriers be fabricated and installed locally. Manufacturing the
barriers in California would reduce shipping and transportation costs. However, fabricating the
barriers in California adds the complexities of needing to find manufacturers who can execute
the design properly. Due to these complexities, lack of comparable installations, cost uncertainty
and the resulting increased risk, Aquafragma is not currently considered as an option for San
Francisquito Creek.

Aquafragma project managers and engineers would develop a design of the barriers. Next, the
design (dwg file with the quantities and sizes of the barriers) would be sent to a manufacturer to
fabricate the barriers. Finally, a construction contractor would be needed to install the barriers at
the designed location. The installation timeline would be based on the contractors.

14



The San Francisco Bay Area has several suppliers, such as Industrial Metal Supply in San Jose
and AJ Solutions Machining in Palo Alto, which could possibly manufacture the Aquafragma
barrier.

Due to the additional manufacturing steps, and no known plans for use within the US, use of
Aquafragma at San Francisquito Creek would be considered a pilot program. The unique
manufacturing specifications indicate that the all-in costs for design, fabrication and installation
could be high.

Maintenance

Maintenance is minimal with no maintenance costs mentioned by Aquafragma. Required
maintenance consists of cleaning the barrier after a flood event and periodically testing the
barrier. The barrier is designed to last 50 years but requires the barriers’ seals to be replaced
every five years. Seal replacements would require road closures.

Community Impacts

Aquafragma retracts into the ground when not in use. As a result, residents will not notice
Aquafragma as they go through their daily lives. Once every five years, the road will need to be
closed for a few days to replace the seals on the flood barrier.

Cars can currently park on the creek side of the road in some areas. During a flood event, cars
would be trapped on the flooding side, which could damage cars. A possible solution is to
restrict parking access on the bankward side, especially during the rainy season. However, this
could inconvenience residents.

Pros Cons
e Debris protector e SFCJPA needs to engage
o Less deep excavation required manufacturer to fabricate barrier
e QOut of sight e Only one example of implementation
o Potential for trapped cars

15



4.3 WK Model FG-AR

Views of WK Model FG-AR

Stored out of sight when not in use Flood wall raised during flood event

Figure 9: Two views of the WK Model FG-AR: stored and deployed. Source: Walz and Krenzer Inc.

The WK Model FG-AR is an aluminum and steel horizontal passive flood barrier offered by Walz
& Krenzer Inc. Like FloodBreak, the WK Model FG-AR deploys automatically and relies on
buoyancy to lift the barrier. Unlike other passive flood barriers, the WK Model FG-AR does not
require any intermediate side walls.

During a flood event, the barrier lifts about 20 degrees due to buoyancy, then gas powered
springs push the barrier into the fully upright position. Additionally, WK Model FG-AR barriers
have the option of being power-operated. Power operation provides additional assurance that
the barrier will function during a flood event. However, power operation is a significant driver of
price.

Company Background

Walz & Krenzer Inc. is a Connecticut-based flood protection company that has sold a variety of
flood barriers and watertight doors since 1939. The WK Model FG-AR is a newer concept
model. There are no examples of the WK Model FG-AR available on their website. However,
they have installed other flood barrier models in California, such as a flood gate in Sacramento.

Reach 2 Concept Ideas

To complete a full design, Walz & Krenzer requires detailed information on the barrier’s loading
requirements. While thoroughness is appreciated, the lack of loading information available at
this time made it difficult to determine specific details on pricing and dimensions. The cost
estimate is about $1000 per sq ft, or $3 million for a 500 ft long, 6 ft tall flood barrier. This cost
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assumes no power operation. The barrier design would be fabricated under the direction of
Walz & Krenzer.

WK Model FG-AR has no limit in height. On the Walz and Krenzer website, WK Model FG-AR
are recommended to include power operation in barriers with heights above 4 ft. However,
according to Walz and Krenzer representative, Ben Rising, a 6-foot flood barrier does not need
power operation. Power operation would provide additional security but be higher in price.

The WK Model FG-AR cannot withstand carloads for more than a few seconds, so it is
recommended to place the flood barrier off the road. The WK Model FG-AR does not require
support walls but does require intermediate posts every 100 ft. These posts enable the barrier to
connect to navigate curves. Intermediate posts also provide additional support to the barrier.

Installation

Like all the barriers in this report, the SFCJPA would need to partner with construction
contractors to install the flood barrier. Walz and Krenzer would provide the project contractor
with instructions and technical support. Installation would consist of excavating 1 ft deep into the
ground, which is the least excavation of all the horizontal barrier options.

No WK Model FG-AR barriers have been installed in California. As a result, it is difficult to
estimate the time and cost required for installation. While no installation cost can be given at this
time, costs are associated with labor fees, regulatory requirements, materials, and
transportation costs. The installation is estimated to take several months.

Maintenance

There is no annual maintenance needed for the barrier. However, the gasket and gas spring
components of the barrier will need to be replaced after 15 to 20 years. According to Walz and
Krenzer Inc., gas springs are an easy replacement. However, the gasket is a more complex
replacement since the barrier would need to be unpinned and laid flat to access the bottom
gasket. As an estimate, these replacements will cost $1000 every 15 years.

The WK Model FG-AR does not have a specific design life. The barrier will operate if there is no
significant metal corrosion with the panel and frame.

Community Impact

The WK Model FG-AR barrier retracts into the ground when not in use. As a result, residents will

not notice the barrier as they go through their daily lives.

The lack of annual maintenance needed removes the need for road closures. However, the road
will likely need to be closed for the gasket and gas spring replacement that occurs every 15-20
years.
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Pros Cons

e Out of sight e Not fully passive
¢ No annual maintenance needed ¢ No installations
e No sidewalls needed e Not on roads

e Better for curved area

5.0 Vertical Passive Flood Barriers

Another type of passive flood barrier is vertical passive flood barriers. These barriers function
similarly to horizontal flood barriers. However, instead of laying horizontally in the ground when
not in use, vertical passive flood barriers are stored vertically in the ground.

Like horizontal passive flood barriers, vertical passive flood barriers utilize flood water to lift the
barrier. As shown below, water flows into the barrier through a grate in the ground which causes
the barrier to lift to protect against incoming water.

Figure 10: Image of vertical flood barrier being deployed. Source: UK Flood Barriers.

Due to their vertical nature, vertical passive flood barriers require much deeper excavation;
typically, 7-13 ft deep for a 6-foot-high barrier. The increased depth of the excavation means an
increased risk of conflicts with underground infrastructure. However, the location of where
excavation occurs is slightly more flexible due to the lower surface area.
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5.1 Self-Closing Flood Barriers

Figure 11: Self-Closing Flood Barrier deployed (Left)
Figure 12: Self-Closing Flood Barrier retracted (Middle)
Figure 13: Self-Closing Flood Barrier Deployment process (Right) Source: Flood Control
International, and were provided in an email from Tim Collingwood.

The Self-Closing Flood Barrier, or SCFB, is an aluminum and steel vertical flood barrier that was
developed in the Netherlands. Unlike the other flood barriers, the company that designed the
SCFB does not sell SCFBs. Instead, various flood protection companies distribute SCFB across
the world. In the US, Flood Control International, Presray, Dutch Water Control, and
Floodproofing are the four companies that manufacture and distribute SCFBs. Out of these four
companies, Flood Control International is the only company that appears to work on larger, non-
residential projects.

The SCFB functions like most vertical passive flood barriers. As flood water nears the barrier, it
enters a drainage area and gets collected in the barrier system. When water accumulates, it
pushes the buoyant barrier upwards into place. A video showing this process can be found here.
This barrier is fully passive.

Company Background

The product itself originated in the Netherlands and has been implemented across Europe.
However, in the United States, four companies distribute the barrier: Flood Control International,
Presray, Dutch Water Control, and Floodproofing. For the purposes of this report, the SCFB
barriers offered by Flood Control International were considered. Flood Control International is
the only company that works on larger scale projects.

SCFB barriers are offered by Flood Control International, which is a flood protection company

that sells various types of flood barriers in the United States, the United Kingdom, New Zealand,
and Australia.
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Flood Control International has never installed SCFB barriers in the United States. Typically, a
lack of experience in working in the United States may pose difficulties due to differences in
regulations. However, Flood Control International has installed glass flood walls at Coyote
Creek for Valley Water. Glass walls have a much simpler installation and design process
compared to the SCFB and are discussed more fully under Section Error! Reference source
not found..

Reach 2 Concept Ideas

The Self-Closing Flood Barrier is a fully passive flood barrier that has no powered option.
However, Flood Control International offers a similar barrier that is fully powered, the Vertical
Rising Barrier.

The standard length of the SCFB barriers is 23 ft. The maximum height of the SCFB barriers is
8 ft, which would require 10.5 ft of excavation. Multiple barriers of standard length will need to
be connected using support posts to cover the required area and navigate curves. Additionally,
they need a 2-3 ft long concrete flood wall for additional support. The posts and support walls
are not feasible for road application. SCFBs would need to be placed along the top of the creek
bank, off the road.

The cost of SCFB is $5,250 per linear foot of barrier. In total, a 500 ft of 6-foot-tall flood barrier
would cost $2,625,000.

Installation

The installation for SCFB consists of first excavating 10.5 ft into the ground, then building the
barrier into the excavated area. Flood Control International does not install the barriers but will
deliver the supplies to the site. The SFCJPA would partner with construction contractors to
complete the installation.

A SCFB has not yet been installed in California. Therefore, it is difficult to estimate the
installation cost and time. The installation is estimated to take several months. The installation
cost is dependent on regulatory requirements, labor costs, material costs, and shipping costs.

Maintenance

The maintenance of the SCFB consists of a visual inspection and testing of the barrier twice a
year. No information about maintenance costs was given, so one must assume costs associated
with labor and equipment. If issues are found during the inspection, additional costs could be
incurred.

Part of the maintenance consists of testing the flood barrier. In the test, the inspectors will pour

large amounts of water onto sections of the barrier to make sure they rise. Due to environmental
regulations, the water used cannot be discarded in the creek. If the SCFB system is chosen,
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then decisions on what to do with the wastewater are needed. The barrier is expected to last
over 50 years with regular maintenance.

Community Impacts

The SCFB system is a retractable system that is stored in the ground when not in use. The
barrier will be out of sight from residents when it is not being deployed in a flood event.

Pros Cons
e Can easily be placed in the road e Maintenance produces wastewater,
e Low surface area triggering permits.
e Out of sight e No examples in the United States
e Support posts needed
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5.2 Vertical Rising Barriers

Vertical Rising Barriers (VRBs) are similar to the Self-Closing Flood Barriers (SCFBs), but
instead of being passively deployed, VRBs utilize a push button or sensor to hydraulically move
the barrier up and down.

During a flood event, a deployment team would be needed to make sure the barrier is deployed.
Someone would need to be available to push the deployment button, then another person would
need to confirm that the barrier has risen. This process is considered riskier than passive
deployment due to possible human error.

Like the SCFBs, VRBs are offered through Flood Control International. Flood Control
International does not advertise VRBs on their website. All the information on VRBs discussed
herein has been via personal communication with Flood Control International’s CEO, Tim
Collingwood.

Comparison with Self Closing Flood Barrier

Like SCFBs, VRBs require a 2-3 ft long concrete flood wall at each end of the barrier for
support. As a result, the flood barrier would be located off roads. Additionally, due to the curving
nature of the creek, support posts are needed for the barrier to seal against.

Like SCFBs, the VRBs barriers come in a maximum length of 23 ft, which means that barriers
will need to be connected to reach the desired protection length. The maximum height of the
VRB is 12 ft, which is higher than SCFB’s maximum height of 8 ft. VRB requires less excavation
compared to the SCFB. Whereas the SCFB would require excavation 10.5 ft deep, the VRB
requires 7.5 ft deep. However, the installation time of several months is like SCFB.

One difference is the cost. The relative cost of the Vertical Rising Barrier is estimated at $7,400
per linear foot of barrier. In total, a barrier would cost $3,700,000 for 500 ft of 6-foot-tall flood
barrier. The cost of SCFB is $5,250 per linear foot of barrier. In total, the 500 ft barrier would
cost $2,625,000.

Another difference is the maintenance. As described above, the SCFBs require water for
maintenance testing. In contrast, maintenance on the VRB simply consists of a visual inspection
and deployment test. Like the SCFB, the design life is 50 years.

Pros Cons
e Less maintenance e More expensive
e Less excavation compared to other e Not passive, requires team to deploy
vertical barriers the barrier.
e No water disposal
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5.3 RSA Retractable Concrete Floodwall System
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Figure 14: Renderings of RSA Retractable Concrete Floodwall System on Woodland Ave. Source: RSA Protective
Technologies.

Note: The RSA Retractable Concrete Floodwall System is not considered as a current potential
option due to the monthly maintenance and road closures that this barrier requires.

RSA’s Retractable Concrete Floodwall System is a vertical flood barrier that is offered by RSA
Protective Technologies. There are two unique features of this barrier. First, it is the only barrier
that utilizes a locking mechanism in case of floodwall failure during a flood event. Second, it is
the only concrete floodwall rising system known to currently exist.

The concrete vertical flood wall can be raised in two ways — powered or non-powered. The
powered walls can be deployed via a pushbutton and uses electricity to raise the barrier into
place. A deployment person or team would need to always be available, including night, to
deploy the barrier during a flood event. The barrier raises at a rate of one inch per second, so a
6 ft barrier would take 72 seconds to deploy.

The non-powered deployment option uses manual labor to erect the barrier. To deploy the
barrier, a deployment team with access to heavy machinery will lift the barriers into place. Due
to the limited amount of time available between a flood warning and a flood event this
deployment option is not considered feasible for San Francisquito Creek, in addition to the
monthly maintenance and road closures described below.

RSA Protective Technologies provided the SFCJPA with this visualization video of a conceptual
barrier on Palo Alto roads. These visualizations can provide an idea of what this technology may
look like.

Company Background

RSA Protective Technologies is an engineering firm that specializes in inventing large scale civil
infrastructure. They are currently based in Claremont, CA. In 2021, they received a patent for
their retractable flood barrier. On the company’s website, the company's last listed
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implementation of one of their products was in 2015. This 2015 project installed perimeter
barriers at the United Nations Headquarters in New York City.

Reach 2 Concept Ideas

RSA Protective Technologies (RSA) is an engineering firm. They develop drawings and plans for
the barrier system, but do not fabricate the barriers themselves. RSA’s barriers are uniquely
designed to the project’s specification. Detailed information on the installation location,
hydrologic and soil characteristics would be used to determine the optimal design for the
barriers. For this evaluation, dimensions such as width and length are yet to be determined.
However, RSA confirmed they can produce a 6 ft barrier. The maximum height they can produce
is a 15 ft tall barrier.

As previously mentioned, the RSA barriers would be powered to ensure that the barriers can be
deployed within 45 minutes. The RSA barriers can be located on the road or any other location
that we choose, since they do not require support walls. Additionally, the barriers can be
oriented in the road to allow for evacuation if necessary. Like many other rising barriers, the
RSA barriers will navigate curves by connecting multiple straight flood barriers at an angle.

As part of this evaluation, communications with RSA have been frequent, with numerous
discussions with RSA’'s CEO. However, RSA was unable to provide specific information about
pricing as they needed to speak with other engineering firms in the area first, which did not
occur during this evaluation timeline.

Installation

The installation of the RSA Retractable Concrete Floodwall System would be done by
construction contractors. RSA Prospective Technologies would provide the design and drawings
to the contractor and oversee all the work on the system.

The installation process of the RSA barriers consists of first excavating 12 ft into the ground.
The concrete wall and containment system will be constructed outside of the ground during the
excavation process. The concrete will be poured onsite to form the containment system. Then,
the containment system will be lowered into the excavated area, fully constructed. Finally, the
barrier will be lowered into place.

While there is not a specific amount of installation time provided, RSA Protective Technology
stated that the installation would be “relatively quick”. Considering the design complexity,
assume several months. Additionally, installation costs are dependent on the contractor, the
large machinery required, and regulatory requirements.

Maintenance

The maintenance requirements for the RSA Flood Walls are quite high compared to other
barrier options. Each month, the barriers should be deployed to check operation. Additionally, a
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visual inspection of walls, top plate, up locks, and seals should be conducted while the barrier is
raised. Finally, monthly cable checks are needed to inspect for cable frying.

In addition to the monthly maintenance check, the walls must be removed from the base and an
inspection of the sheaves and guide rollers is needed. While this occurs, clean out the base of
debris and check sump pumps.

The frequent maintenance would require time and money, and if installed along a road, the road
would likely need to be closed for testing each month, causing inconvenience to the community.
Additionally, the yearly removal of the barrier will require mobilization of trained staff and
available large machinery.

With regular maintenance the barriers are expected to last for the planned 50-year design life.
Maintenance costs are not currently known.

Community Impact

The RSA floodwalls retract into the ground, which reduces visual inconvenience of the barrier.
However, due to the heavy maintenance requirement of the barrier, the community could be
inconvenienced with monthly road closures. Additionally, during flood events, like other barriers,
parked cars may be trapped on the flood side of the barrier if barrier is placed in a road.

Pros Cons
e Uses locking mechanism to keep e No barriers have been installed
wall up (no support walls) e Monthly O&M needed.
e Out of sight ¢ Not passive
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6.0 Permanent Flood Walls

In addition to horizontal and vertical passive flood barriers, permanent flood walls are another
form of passive flood protection. Unlike horizontal and vertical flood barriers, flood walls are
permanently upright structures that can always defend against water.

A permanent flood wall’s constant upright design has both benefits and drawbacks. First, the
ability to reduce flood risk at any time provides assurance that communities will be protected
during a flood. Since the barrier is already upright, there is no risk of mechanical failure. Many
horizontal and vertical passive barriers boast a 100% success rate, however mechanical failure
is possible, especially with barriers powered by electricity.

The simple permanent flood walls design leads to a simpler installation and lower cost
compared to horizontal and vertical barriers. An example of this is the sheetpile floodwall
installed in the Estuary Reach 1 Project, which are functioning well.

Despite the many benefits compared to other passive barriers, a major issue with flood walls is
a lack of acceptance from some members of the community. A permanent flood wall may block
people’s view of the creek. In addition, the floodwall itself would be a barrier within the riparian
corridor and result in tree loss and increased temperature in and around the creek. Finally,
floodwalls do not have inherent adaptive capacity, which is the ability to adapt to changing flood
risk reduction needs.

This evaluation includes consideration of one type of permanent floodwall that may be
acceptable to the community, which is a glass floodwall.
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6.1 Glass Flood Walls

Figure 15: Types of glass floodwalls. Source: Flood Control International

Glass flood walls are a common coastal flood protection strategy due to their simple design that
can span nearly any orientation. Many coastal communities, such as ones in Australia and
Florida use flood glass walls to protect against flooding while not diminishing the view.

A glass flood wall functions like a concrete flood wall, using its upright and vertical nature to
block flood water. However, unlike a wall made from concrete or other opaque materials, glass
flood walls do not block the view of the creek.

Company Background

Glass flood walls are offered by Flood Control International, a flood protection company selling
various flood barriers to people in the United States, the United Kingdom, New Zealand, and
Australia.

Flood Control International has an example of a glass flood wall project in California, where they
are planning to install glass walls at Coyote Creek for Valley Water. The wall is composed of
three 9-foot wall sections, one 7 ft 11 in section, and four 7 ft 10.5 in sections for a total length of
about 70 ft. The cost of the system and expected completion date for installation were not
provided.

Reach 2 Concept Ideas

To protect the desired length, 10 ft long panels of the glass flood walls connect via intermediate
posts. While the panels themselves do not curve, two or more panels can connect at an angle to
form the desired curve.

The glass flood walls would need to be placed at the top of the bank, or off roadways. This
location would reduce interference with traffic.

Flood Control International advertises glass flood walls up to 6ft in height. However, during
communications with Flood Control International, a representative warned that any height above
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4 ft would result in the glass having a greenish hue. Instead, he suggested that we combine a 4-
foot glass wall with a 2-foot concrete wall base. Needing to develop two floodwalls — a concrete
and glass flood wall — would add complexities to the project. If the SFCJPA decides to use glass
flood walls, then a decision between a 6-foot green glass flood wall and a 6-foot hybrid
concrete/glass flood wall is needed.

The 4-foot glass flood wall is estimated to cost about $1600 per linear foot. A 500 ft long barrier
would cost about $800,000 total. However, expected additional costs associated with the
concrete 2-foot flood wall design and construction is not included in the above estimate.

Installation

As mentioned above, there are two options for a glass flood wall: a green 6-foot glass wall or a
4-foot clear glass wall with a concrete base. For the latter option, the SFCJPA needs to partner
with engineers to construct the 2-foot-tall concrete flood wall. Concerns about the structural
integrity of the concrete flood walls were raised during internal meetings. Since Flood Control
International will not design the base concrete flood wall, the SFCJPA has the freedom to
incorporate additional supports (underground or in the wall) to ensure that the concrete base
wall is structurally stable. Depending on the design, excavation may be needed.

The glass flood walls do not require excavation and have a simple installation. The installation
process consists of connecting the posts for the glass panels to embed baseplates. Only two to
three workers and a forklift are required for installation. Under this manpower, glass walls can
be installed at a rate of 4 spans per day, where each span is 10 ft section of the glass wall.

If the concrete wall that the glass wall attaches to is new, then these embedded baseplates
would get cast into the concrete. However, if the concrete wall exists, which is unlikely for Reach
2, then epoxy anchors would be drilled and inserted into the concrete. Each 10 ft wall section
requires four anchors, each %4” deep.

Unlike horizontal or vertical passive flood barriers, glass flood walls need no excavation and
have lower installation costs. The only installation costs needed for glass flood walls are costs
associated with fitting embeds and labor costs.

Maintenance

There is no maintenance required for the glass flood walls. As a result, once the wall is installed,
no additional fees are needed.

Some people may worry about potential cracks in the glass flood walls. However, according to
the Continuing Education Center for Architecture and Construction, glass flood walls consist of

plastic or polymer interlayers that protect against cracking or breakage.

Residents
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A common argument against permanent flood barriers is their look. Many residents enjoy the
natural landscape provided by the creek and oppose permanent flood barriers because they
could block the view, and their installation would require the removal of many creek-side trees.
However, glass flood walls remove the visibility problem by enabling residents to be able to see
through the clear glass.

While not specific to residents, one concern with permanent flood barriers is that they block
access to the creek. Blockage could create issues for partners to access the creek for creek
maintenance. One way remedy is to install a flood gate in one section of the flood wall to allow
workers to enter the creek.

Pros

Cons

Easily curved

Cheaper cost than passive
barriers

Clear barrier that does not
block residents’ view

Simple and quick installation
No maintenance costs

¢ Needs a 2 ft concrete wall base to reach the
protection height of 6 ft

o Permanent restricted access to creek (unless
flood gate or door is installed)
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6.2 Invisible Flood Control Wall

Figure 16: Deployed Invisible Flood Control Wall. Source: Flood Control America.

Note: The Invisible Flood Control Wall deploys similar to a temporary option. The deployment of
the barrier will take longer than 45 minutes, so it is not considered to be a current option for the
Reach 2 project. It is not invisible when deployed and would need to be removed after each
rainy season like the temporary barriers.

Flood Control America’s Invisible Flood Control Wall offers a semi-permanent flood barrier
option made from aluminum and steel. The barrier consists of posts spaced either 10 or 20 ft
apart. During a flood event, planks are inserted between these posts to protect against incoming
flood water.

Typically, the posts are removed when not in use to prevent obstructing the view, hence its
name. However, the posts can also remain up to provide permanent flood protection. For the
Reach 2 project, it is advised to keep the planks in place during the rainy season to ensure the
community is protected. However, the planks can be removed during the summer season to
prevent obstructing the view.

Company Background

The Invisible Flood Control Wall is a product developed by Flood Control America, which has
built removable flood walls since 1997. Flood Control America listed completed projects across
the United States. However, no projects have been completed in California. One notable project
they completed with the Invisible Flood Control Wall was the World Trade Center Removeable
Flood Wall Project. This project aims to protect Freedom Tower and the September 11th
Memorial Ponds from flooding.

Reach 2 Concept Ideas

The Invisible Flood Control Wall cannot be deployed quicky enough during a flood warning on
San Francisquito Creek. Deploying the barrier during a flood event is risky, and could be
catastrophic, if the deployment team is installing the barrier as overbanking occurs.
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The wall can be used permanently. However, the best option appears to be installing the barrier
planks in late October and keeping them in-place until early April to serve as flood protection.
Between April and October, the barrier can be stored and become invisible to the public. The
SFCJPA would need to find a place to store the barrier.

The Invisible Flood Control Wall has two configurations that can be chosen from for the Reach 2
projects. Both configurations cost the same price, which is $125-135 per sq. ft, or $405,000 for
500 linear ft. Additionally, both options would be 7 ft tall and placed along the bank of the San
Francisquito Creek.

The first configuration consists of using 20-foot aluminum planks for the wall, which would space
the wall posts 20 ft apart. In the center of the planks is an intermediate steel post, which is used
to support the center of the planks and allow the barrier to curve. The base of the wall would
need to be slightly larger. This configuration cuts the installation time in half but provides the
same effectiveness and cost.

The second configuration uses 10-foot planks for the wall, so the wall posts would be 10 ft
apart. There are no intermediate posts. This configuration doubles the installation time with no
added value. Therefore, it is advised that this configuration should not be chosen.

For long flood control walls, it is common to have a “half wall”. A “half wall” consists of having a
2-3 ft tall concrete wall base and a second shorter Invisible Flood Control Wall on top. The
benefit of having a “half wall” is that the deployment time is reduced by half. Opting for this
design would provide constant flood protection year-round, regardless of if a flood is likely or
not.

Installation

The installation of the Invisible Flood Control Walls is estimated to take several months for the
Reach 2 project. Flood Control America does not offer installation services unless it is through
their specialty company. The SFCJPA should expect added installation costs associated with
labor and materials.

There is no excavation required for the Invisible Flood Control Wall, since the intermediate
supports are connected to base plates that are drilled into the ground.

Maintenance

If utilized as a permanent barrier, the maintenance would be quite minimal. Annual maintenance
would include inspection of the gaskets. Additional cleaning is required after a flood event.

If utilized as a temporary barrier, the maintenance requirement would need to be much higher. A
test installation is needed to remind the installation team of the procedure annually. In addition,
regular inventory checks are needed to make sure there are no missing parts, and that the
barrier can be deployed any time. Like the permanent usage, an annual inspection of the
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gaskets and cleaning after an event is required. The costs associated with this maintenance are
not known at this time. Assume costs associated with a storage facility and minimal labor costs
associated with deployment procedure reviews.

Community Impact

The Invisible Flood Control Wall is only invisible if it is removed after each rainy season. Itis a
visual barrier if it is permanently deployed but not if it is removed annually and serves as a
temporary barrier.

Pros Cons
¢ No excavation required e Longer manual deployment time
e Simple initial installation (if no needed
concrete base) e Annual dismantling and storage

considerations
¢ No examples in California
e Required trained deployment team

7.0 Conclusions and Next Steps

Each of the eight other permanent passive flood barrier options discussed have benefits and
drawbacks. A preliminary ranking of each of these is provided in Table 1.

Some barriers can be ruled out due to current feasibility and logistical issues. These include
Aquafragma, RSA Concrete Flood Wall, and the Invisible Flood Control Wall.

Five potential barrier options are: FloodBreak, WK Model FG-AR, the Self-Closing Flood Barrier,
the Vertical Rising Barrier, and the glass flood wall. As shown in the summary table below,
FloodBreak and the glass flood wall are the highest ranked at this time.

This preliminary ranking may change with time as technologies are developed and deployed. At

the same time, detailed engineering and hydraulic evaluations are needed to evaluate site
specific applicability.
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Table 2: Summary of highest ranked flood barrier options.

Name Type Installed in Purchase Installation Maintenance Overall
us? Price* Feasibility
FloodBreak Passive Yes $2 mil Complex Annual 3
(support walls) | inspection .
| ] Feasibie
WK Model FG- Passive Unknown, $3 mil Simple Replacement of 2
AR but US based parts every 15 Possible, further
years evaluation needed
Self Closing Passive Unkown, but $3 mil Simple Water needed 2 izt Teas.lble, l.qglstlcal
Flood Barrier US based for bi-annual barriers identified
testing
Verti_cal Rising Electric Unk but US $4 mil Simple Annual 2 * Price assumes 6-foot-tall
Barrier based inspection barrier, 500 ft in length. This
is the purchase price of the
Glass Wall Passive Yes $800k Complex None & barrier, and do not include
(concrete installation or O&M costs.
base)

Three potential locations for the flood barriers may be applicable. These locations are
speculative only; further engineering analysis is required to determine the optimal location for

the installation of these flood barriers.

1. Woodland Avenue in East Palo Alto

Flood barriers will be placed along Woodland Avenue in East Palo Alto. Depending on the

determined location, the flood barriers may replace the concrete gravity wall that is currently
present along Woodland Avenue.

2. Pope-Chaucer Bridge

Augmented design efforts to reduce flood risks near the Pope Chaucer Bridge between Palo
Alto and Menlo Park are ongoing. Flood barriers may be included in alternatives to reduce
potential overtopping in this area, including upstream and/or downstream.

3. Timothy Hopkins Park in Palo Alto

Timothy Hopkins Park offers some open area to temporarily contain flood water. Potential
flood barriers located near the park could direct flood waters away from the community until
flood flows subside.

Each location listed above requires further evaluation to determine its applicability to the Reach

2 project. The SFCJPA does not advise against nor recommend any of the flood barriers
identified in this report. This evaluation is for information only and should not be solely used for
guidance. Further engineering analysis and site-specific assessment, as well as continued
communication with vendors and suppliers, are needed for the successful implementation of
any flood barrier.
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8.0 References

Intro Sections

Better City Report — https://www.abettercity.org/docs-
new/2015.09.09%20Passive%20Flood%20Barrier%20Publication.pdf

FEMA Reducing Flood Risk to Residential Buildings That Cannot Be Elevated —
https://www.fema.gov/sites/default/files/2020-
07/fema_P1037_reducing_flood_risk_residential_buildings_cannot_be_elevated_2015.pdf

FloodBreak

o \Website: https://floodbreak.com/
e Email correspondences with Stephen Harris, Area Manager, FloodBreak
e March 2024 Presentation

Aquafragma

o Website: https://aguafragma.com/
e Emails with Antonis Toumazis, CEO, Aquafragma

WK Model FG-AR

o Website: https://stopfloods.com/automatically-deploying-flood-protection/the-autorising-
flood-barrier-wk-model-fg-ar/

e Email correspondences with Ben Rising, President, Walz & Krenzer
Self Closing Flood Barriers

o Website (for general info on the barrier): https://selfclosingfloodbarrier.com/

o Flood Control International Website (for specific installation and maintenance info):
https://floodcontrolinternational.com/self-closing-flood-
barriers/?ppc_keyword=&gad_source=18&gclid=Cj0KCQiArby5BhCDARIsAlVjIRiIGYHgIftp_n
OZgklOXweyqg-EamwN7fzstlQLxRC4ypz5y7HTI7zMaAmMUNEALwW_wcB

e Email correspondences with Tim Collingwood, CEO, Flood Control International

Vertical Rising Barriers

e Email correspondences with Tim Collingwood, CEO, Flood Control International
e Note: No information about this barrier is found on their website

RSA Retractable Concrete Floodwall System

o \Website: https://rsaprotect.com/flood-control/retractable-floodwall-system/

e Email correspondences and calls with Rick Alder, CEO, RSA Protective Technologies
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https://www.fema.gov/sites/default/files/2020-07/fema_P1037_reducing_flood_risk_residential_buildings_cannot_be_elevated_2015.pdf
https://floodbreak.com/
https://www.dropbox.com/scl/fi/zbz9c84s49m561ox6fljt/FB-San-Francisquito-Creek-Reach-2-Presentation-3.14.24.pptx?rlkey=5ug9bgl46eiddylbcja5ce8gs&e=1&dl=0
https://aquafragma.com/
https://stopfloods.com/automatically-deploying-flood-protection/the-autorising-flood-barrier-wk-model-fg-ar/
https://stopfloods.com/automatically-deploying-flood-protection/the-autorising-flood-barrier-wk-model-fg-ar/
https://selfclosingfloodbarrier.com/
https://floodcontrolinternational.com/self-closing-flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIRiGYHgJftp_nOZqklOXweyq-EamwN7fzstlQLxRC4ypz5y7HTl7zMaAmUNEALw_wcB
https://floodcontrolinternational.com/self-closing-flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIRiGYHgJftp_nOZqklOXweyq-EamwN7fzstlQLxRC4ypz5y7HTl7zMaAmUNEALw_wcB
https://floodcontrolinternational.com/self-closing-flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIRiGYHgJftp_nOZqklOXweyq-EamwN7fzstlQLxRC4ypz5y7HTl7zMaAmUNEALw_wcB
https://rsaprotect.com/flood-control/retractable-floodwall-system/

e Palo Alto flood barrier visualization video:
https://youtu.be/GgROZnCfgfw?si=NkQnVamF6EGL 20Ls
e Technical Presentation:

https://www.youtube.com/watch?v=VnPUtak3h3E&feature=youtu.be
Glass Flood Walls

e Website (most of info): https://floodcontrolinternational.com/glass-flood-wall-
barriers/?ppc_keyword=&gad_source=18&gclid=Cj0KCQiArby5BhCDARIsAllvjISj8jgWUo0s4
cNfcdUoFEcOgRwbU1rzl5HYW-empS5ufalZsrUTWeUaAvQVEALw_wcB

e Email correspondences with Tim Collingwood, CEO, Flood Control International

Invisible Flood Control Wall

e Website:
https://floodcontrolam.com/?utm_source=google&utm_medium=cpc&utm_campaign=flo
od_walls&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAlvjlQ718gPF2finT9aXhxMHQ-
00OMB6-6-taoGH_noDRo0JYwpJ98lIChREaAoGgEALw_wcB

e Email correspondences with Bryan Fryklund, VP Operations, Flood Control America

Removed Flood Barrier Options

HESCO Floodline - https://www.hesco.com/products/flood-barriers/floodline/

SpringDam - https://aguobex.com/products-list/spring-dam/

Aquafence -
https://www.aquafence.com/?gad_source=1&gclid=Cj0KCQiA88a5BhDPARIsAFj595g180rqrOAKLS
NAcmQyaW2bboHIMXqVJg_8vobyxsa80iJdSnPWs70aAtOuEALw_wcB

Flip Up Barrier from Flood Control International — https://floodcontrolinternational.com/flip-up-
flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsALVjITAERY-
NxNTcbeRQQPB-pjkMd0YUQJ7t1e9id65jZyuARt-sUIMEO8aAl6REALW_wcB

SAFB by UK Flood Protection — company no longer exists. Found this option via A Better Cities
Report.

Retractable Flood Barrier by FloodFree — https://www.floodfree.com.au/flood-barriers/retractable/

Flow Defense — https://flowdefence.com.au/

Flood Guard Glass Wall - https://aqguobex.com/products-list/product-e/

Ready Aquawall - https://aquobex.com/products-Llist/readyaquawell/
The Baby MOSE and MOSE - https://www.mosevenezia.eu/project/?lang=en

The Thames - https://www.gov.uk/guidance/the-thames-barrier
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https://youtu.be/GgROZnCfqfw?si=NkQnVamF6EGL2oLs
https://www.youtube.com/watch?v=VnPUtak3h3E&feature=youtu.be
https://floodcontrolinternational.com/glass-flood-wall-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjISj8jgWUo0s4cNfcdUoFEcOgRwbU1rzl5HYW-empS5ufaJZsrUTWeUaAvQVEALw_wcB
https://floodcontrolinternational.com/glass-flood-wall-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjISj8jgWUo0s4cNfcdUoFEcOgRwbU1rzl5HYW-empS5ufaJZsrUTWeUaAvQVEALw_wcB
https://floodcontrolinternational.com/glass-flood-wall-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjISj8jgWUo0s4cNfcdUoFEcOgRwbU1rzl5HYW-empS5ufaJZsrUTWeUaAvQVEALw_wcB
https://floodcontrolam.com/?utm_source=google&utm_medium=cpc&utm_campaign=flood_walls&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIQ7I8qPF2finT9aXhxMHQ-oOMB6-6-taoGH_noDRo0JYwpJ98lChREaAoGgEALw_wcB
https://floodcontrolam.com/?utm_source=google&utm_medium=cpc&utm_campaign=flood_walls&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIQ7I8qPF2finT9aXhxMHQ-oOMB6-6-taoGH_noDRo0JYwpJ98lChREaAoGgEALw_wcB
https://floodcontrolam.com/?utm_source=google&utm_medium=cpc&utm_campaign=flood_walls&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIQ7I8qPF2finT9aXhxMHQ-oOMB6-6-taoGH_noDRo0JYwpJ98lChREaAoGgEALw_wcB
https://www.hesco.com/products/flood-barriers/floodline/
https://aquobex.com/products-list/spring-dam/
https://www.aquafence.com/?gad_source=1&gclid=Cj0KCQiA88a5BhDPARIsAFj595g18Orqr0AKLSNAcmQyaW2bboHIMXqVJg_8vo6yxsa80iJdSnPWs70aAt0uEALw_wcB
https://www.aquafence.com/?gad_source=1&gclid=Cj0KCQiA88a5BhDPARIsAFj595g18Orqr0AKLSNAcmQyaW2bboHIMXqVJg_8vo6yxsa80iJdSnPWs70aAt0uEALw_wcB
https://floodcontrolinternational.com/flip-up-flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIT4ERY-NxNTcbeRQQPB-pjkMd0YUQJ7t1e9id65jZyuARt-sUIMEO8aAl6REALw_wcB
https://floodcontrolinternational.com/flip-up-flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIT4ERY-NxNTcbeRQQPB-pjkMd0YUQJ7t1e9id65jZyuARt-sUIMEO8aAl6REALw_wcB
https://floodcontrolinternational.com/flip-up-flood-barriers/?ppc_keyword=&gad_source=1&gclid=Cj0KCQiArby5BhCDARIsAIJvjIT4ERY-NxNTcbeRQQPB-pjkMd0YUQJ7t1e9id65jZyuARt-sUIMEO8aAl6REALw_wcB
https://www.abettercity.org/docs-new/2015.09.09%20Passive%20Flood%20Barrier%20Publication.pdf
https://www.abettercity.org/docs-new/2015.09.09%20Passive%20Flood%20Barrier%20Publication.pdf
https://www.floodfree.com.au/flood-barriers/retractable/
https://flowdefence.com.au/
https://aquobex.com/products-list/product-e/
https://aquobex.com/products-list/readyaquawell/
https://www.mosevenezia.eu/project/?lang=en
https://www.gov.uk/guidance/the-thames-barrier

TigerDam (and other water-filled barriers) — https://usfloodcontrol.com/flood-barriers/

Inflatable Bladder Dams —

- https://quickdams.com/?srsltid=AfmBQOoqis30PliU22_gTCspXFBHa9jyAbOMVUSS3Tipbee9
zXFyiedMk6

- https://www.halenhardy.com/shop/product/instant-underflow-dam/

NOAQ Boxwall - https://noag.com/en/home/
RapiDam Flexi — https://aquobex.com/shop/rapidam-flexi/
Inero Flood Barrier — https://www.inero.se/en/home

AquaTrigger — https://www.psfloodbarriers.com/product/aquatrigger-automatic-flip-up-flood-
barrier/

Nautilus Flood Barriers — https://floodstop-uk.co.uk/nautilus-400-over-2500-wide/
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https://usfloodcontrol.com/flood-barriers/
https://quickdams.com/?srsltid=AfmBOoqis3OPliU22_gTCspXFBHa9jyAbOMVUS3Tipbee9zXFyiedMk6
https://quickdams.com/?srsltid=AfmBOoqis3OPliU22_gTCspXFBHa9jyAbOMVUS3Tipbee9zXFyiedMk6
https://www.halenhardy.com/shop/product/instant-underflow-dam/
https://noaq.com/en/home/
https://aquobex.com/shop/rapidam-flexi/
https://www.inero.se/en/home
https://www.psfloodbarriers.com/product/aquatrigger-automatic-flip-up-flood-barrier/
https://www.psfloodbarriers.com/product/aquatrigger-automatic-flip-up-flood-barrier/
https://floodstop-uk.co.uk/nautilus-400-over-2500-wide/

Appendix A — Master Table of Flood Barriers Evaluated

Note: Installation cost estimates could not be obtained because the SFCJPA would need to
partner with construction contractors to install the barriers.
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Overview Build America, Buy America Act Safety Installation Maintanence
Placement in Implementation Secondary Ease of Estimated Excavation Installation Maintanence Maintanence Road Closure
Barrier Name Offered by Price (500ft) road Origin Location Locations Deployment Deployment Max Height Evacation Installation Time Standard Size (6ft barrier) Cost Design Life Materials Cost Requirement (assumes in road)
$1,850,689 Length: Custom Warrenty and O&M Annual inspection
(with power Depends on Height: 6 ft 5.5 ft deep quote given recommended (1-2 hr)
FloodBreak FloodBreak, Floodproofing | operation) If diagonal Houston, TX Coyote Creek Passive Electric 10ft9in placement 10 weeks Width: <8 ft 8 in <8.8 ft wide 50+ years #N/A after installation
2 ft (1/3 of barrier
Horizontal Nicosia, Cyprus Length: Custom height) 50 years (seal | Aluminum Clean after flood
Permanent (its only Depends on Height: 6 ft 7.8 ft wide See note  |replacement 5 Plastic Test barrier occasionally
Barriers Aquafragma Aquafragma $1,210,000 Yes United Kingdom installation) Passive N/A No limit placement Unknown Width: 7.8 ft years) Steel Unknown Seal replacement every 5 years
Length: Custom
$3,000,000 Height: 6 ft 1 ft N/A - works as
WK Model FG- (no power Depends on Width: Load Width design long as there Aluminum Replace gaskets and springs
AR Walz & Krenzer operation) Yes United States N/A (new barrier) Passive Electric No limit placement Several months Dependent dependent is no corrosion Steel $1000 per15 years every 15 years
Length 23 ft
Flood Control International, None in the US, Height 6 ft 10.5 ft deep D
Self-Closing Presray, Dutch Water Barrier: Dutch many installations Width: Load Width design Aluminum Labor and Visual inspection and operation
Flood Barrier Control, Floodproofing $2,625,000 No Office in CA in Europe Passive N/A 8 ft Good Several months Dependent dependent 50+ years Steel equipment fees test (with water) twice a year
Length 23 ft
Vertical Height 6 ft 7.5 ft deep Visual inspection and operation D
Permanent | Vertical Rising Origin unk Width: Load Width design See note Aluminum test
Barriers Barrier Flood Control International | $3,700,000 No Office in CA N/A Electric N/A 12 ft Good Several months Dependent dependent 50+ years Steel Labor fees
Monthly: testing, visual
inspection,
Length: Custom check for cable frying
RSA Concrete Height: 6 ft 12 feet deep
Flood Wall RSA Protective Manual Depends on "Quick", but no Width: Load Width design Labor and Annually: Rinse and remove
System Technologies Unknown Yes Claremont, CA Harris County, TX Electric (Not Viable) 15 ft placement | exact time provided Dependent dependent 50 years Concrete equipment fees walls clean out base debris
Length: 23 ft
Height: 4 ft + 2 ft None
concrete Excavation likely D
$800,000 + 2 weeks (not Width: >2.8 in (glass), | if concrete base
Glass Flood Concrete wall Barrier: Austrailia including concrete >4.7 in is included, but
Flood Walls Walls Flood Control International costs No Office in CA Coyote Creek Passive N/A 6 ft Good wall) (framing) unknown See note 50+ years Glass None None
Test installation to remind install
team of the
$405,000 + Length: 10ft or 20ft procedure. Inventory and |:|
Invisible Flood Concrete wall Height: 7ft inspection of the gaskets.
Control Wall Flood Control America costs No United States 9/11 Memorial Manual N/A 7 ft Good Several months Width: Unk None 50 years #N/A Labor fees Cleaning after flood event.




Appendix B — Removed Technologies

Removed Options

Barrier Name

Type

Description and Rationale for Removal

HESCO
Floodline

Temporary
Barrier

HESCO Floodline is a barrier that is commonly
used by the US Army Corps of Engineers. This
temporary barrier can remain upright for long
periods and can be planted with native plants.
Each barrier is 2ft in height, 36 inches in width, and
15ftin length. Additionally, each of these barriers
can be filled by two people in 20 minutes. HESCO'’s
emergency response team installs the barriers and
is always available to deploy the barriers. Although
this barrier was initially researched in depth, they
are no longer considered a viable option because
they are meant to be used as temporary barriers.
The deployment of 20 minutes per barrier is also
not feasible, since an estimated 102 barriers are
needed to cover a span of 500ft, 6ft in height. At
this height and length, 68 man-hours are needed to
install all of the barriers.

SpringDam

Manual Barrier

SpringDam offers a permanent barrier that is
manually deployed. The barrier utilizes springs to
aid the deployer in lifting the barrier. However, due
to the inventor passing away the SpringDam has
been discontinued.

AquaFence

Permanent
Manual Flood
Barrier

AquaFence is a deployable flood barrier that is
stored in the ground. To deploy the barrier, pull the
barrier up from the ground where it is stored.
AquaFence is from the German company AquaWall
has not expanded to work in the United States.
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Barrier Name

Type

Description and Rationale for Removal

Flip Up Barrier
from Flood
Control
International

Horizontal
Flood Barrier

The Flip Up Barrier functions like FloodBreak and
was initially considered as a flood barrier option.
During discussions with the Flood Control
International CEO, the CEO felt this barrier would
not work for Reach 2 because it does not do well
with curves. Additionally, as the barrier rises, a
shallow hole forms where the barrier was initially
stored. This hole is on the flood water side which
can be anissue for some people. No details were
given on why this hole is concerning.

SAFB by UK
Flood Protection

Vertical Flood
Barrier

Various research papers mention the SAFB barrier
from UK Flood Protection. The company UK Flood
Protection does not exist anymore. It seems that
their barrier SAFB may still exist under a different
name, SCFB (Self Closing Flood Barrier). The Self
Closing Flood Barrier is included as an option in
this report.

Retractable
Flood Barrier by
FloodFree

Vertical Flood
Barrier

The Retractable Flood Barrier is a retractable
vertical flood barrier offered by Australian
company, FloodFree. All FloodFree products are
designed and manufactured in Australia. FloodFree
only works in Australia.

Flow Defense

Vertical Passive
Barrier

Flow Defense offers a vertical passive barrier. Flow
Defense is an Australian company that does not do
work in the United States.

Flood Guard
Glass Wall

Permanent
Flood Barrier

Flood Guard Glass Wall is a glass wall designed by
Aquabex. Aquabex has gone out of business, so
this flood barrier is no longer offered.
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Barrier Name

Type

Description and Rationale for Removal

Ready Aquawall

Permanent
Flood Barrier

Ready Aquawall offers a concrete flood barrier that
is advertised to be stronger than other concrete
wall options. The only company that sells Ready
Aquawall is Aquabex, a flood protection company
that went out of business.

The Baby MOSE | Permanent The MOSE and Baby MOSE are flood protection
and MOSE Flood infrastructure that were introduced in ltaly.
Infrastructure Research into these barriers was conducted to see
designing something similar would be a viable
option. However, the MOSE and Baby MOSE appear
quite costly. Additionally, the MOSE utilizes a
control station employed with people to conduct
24/7 monitoring of waterways.
The Thames Permanent Like the MOSE and Baby MOSE, the Thames is
Flood permanent flood protection infrastructure which
Infrastructure requires frequent monitoring.
TigerDam (and Temporary TigerDam’s maximum height is 3.5ft. Water-filled
other water-filled | barrier flood tubes are used temporarily and require
barriers) manual installation during each flood season or
event. After flooding, TigerDam’s water would need
to be handled under a discharge permit.
Inflatable Temporary Inflatable bladder dam solutions, such as Quick
Bladder Dams Barrier Dam and Water-Gate Dam, are meant to be used

temporarily and require manual installation during
each flood event. Other permanent and passive
barriers are more reliable since they provide
automatic flood protection and are not subject to
human error or timing issues to deploy. Quick Dam
has a maximum height of 5 ft.
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Barrier Name

Type

Description and Rationale for Removal

NOAQ Boxwall

Temporary
Barrier

NOAQ Boxwall is not available in the United States.
Furthermore, it offers a temporary solution that
needs to be deployed during each flood event. The
maximum height is less than 6ft.

RapiDam Flexi

Temporary
Barrier

RapiDam Flexi is a temporary barrier option that
reaches 3.9 ftin height. Itis deployed as a free-
standing pop-up dam. As water hits the dam,
hydrostatic pressure formed between the dam and
the water holds the dam upright and in place.
RapiDam Flexi is offered by Aquobex, which went
out of business.

Inero Flood
Barrier

Temporary
Barrier

Inero Flood Barrier is a metal temporary flood wall
that can be installed prior to a flood event. This
barrier can only reach 150 cm or 4.9 ft in height.
Additionally, storage facilities are required when
this barrier is notin use.

Aqualrigger

Horizontal
Flood Barrier

AquaTrigger is a permanent passive horizontal
barrier that is designed for small doorway
openings. The SFCJPA’s applications require a
longer barrier than one fit for doorways. Therefore,
AquaTrigger is not a viable option.

Nautilus Flood
Barriers

Temporary or
Permanent
Barrier

The Nautilus flood barrier is a barrier that can be
used temporarily or permanently. These barriers
are offered through FloodStop, which is a UK
company. They are a small company that only
offers service in the UK.

All Flood Door
Options

Flood Barrier

Various flood protection companies offer a variety
of flood doors. Flood doors need to be installed on
private property, which is not an acceptable use of
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Barrier Name

Type

Description and Rationale for Removal

public flood projects. Streets could remain flooded
and restrict access to evacuation routes and
potentially trap people indoors during long flood
events.

All Flood
Window Options

Flood Barrier

Various flood protection companies offer a variety
of flood windows. Flood windows need to be
installed on private property which is not an
acceptable use of public flood projects. Streets
could remain flooded and restrict access to
evacuation routes and potentially trap people
indoors during long flood events.
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