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Webinar Objectives

= Explain the context and purpose of the Climate Resilient Mitigation
Activities (CRMA) initiative
= Provide an overview of initial CRMA project types
- Floodplain and Stream Restoration
« Flood Diversion and Storage
» Aquifer Storage & Recovery
= Present case studies
Introduce stakeholders to green infrastructure framewor!

ecosystem service benefits
= Hear from and understand stakeholder feedback and concerns
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Background of Climate Resilient

Mitigation Activities (CRMA) in HMA
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Climate Change Impacts
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Hazards:
e Drought
» Increased frequency and/or duration
 Infrastructure damage possible
* Wildfire
« Increased frequency and intensity
* Increased flood risk in impact area
* Flood
* Increased flood risk due to sea-level rise
« Higher or stronger storm surge
« Exacerbated by other hazards (e.qg., wildfire or drought)
e Wind
e Storms and winds increase in intensity and/or frequency



Context for Climate Resilient Mitigation

Activities

= Drought hazards
+ Can be exacerbated by climate change
+ Compound risks to communities from other hazards (e.g., wildfire)
+ Increaserisk to existing infrastructure and built environment

= Drought mitigation in HMA
- Currently eligible for HMA funding
+ Gap in guidance on drought mitigation activities and project development
+ Few drought-related applications have been submitted

= For CRMA, FEMA considered drought mitigation activities that (a)
reduce risk and (b) address the impacts of climate change, focusing on:

- Water supply
- Water quality and ecosystem services/benefits
+ Flood control

¥ FEMA .

Drought conditions can be exacerbated by climate change, leading to more frequent,
longer, and/or more intense droughts.
Drought increases the risks to communities for both drought-related damages and
increased risk from other hazards like wildfire and infrastructure damage.
Increased periods of drought not only increase risks from other hazards and damages to
the built environment, but they can also have significant adverse economic and
environmental impacts on a community, thus reducing its overall resilience.
Drought mitigation in HMA:

* Is currently eligible for HMA funding;

e There has been a gap in guidance on drought mitigation activities and project

development; and,

e Few drought-related applications have been submitted.
Drought would need to be addressed in the hazard mitigation plan, including a risk
assessment.



Background & Purpose

Purpose: To evaluate methods that support climate resilient
infrastructure and mitigate the impacts of climate change in
projects eligible for HMA funding

R t
= Supporting communities in increasing resilience and adapting to
ate change impacts, FEMA evaluated mitigation projects and

« Program eligibility

» Cost-effectiveness

« Technical feasibility

« Environmental compliance

¥ FEMA .

The Federal Emergency Management Agency (FEMA) has been directed by multiple
authorities to support communities in increasing resilience and climate change adaptation,
including:

President’s 2015 Opportunity, Growth, and Security Initiative
Executive Order 13653 Preparing the United States for the Impacts of Climate Change
President’s 2013 Climate Action Plan

Incorporating Ecosystem Services into Federal Decision Making memo from the
Executive Office of the President, Office of Management and Budget, Council on
Environmental Quality, and Office of Science and Technology Policy dated 10/7/2015

FEMA'’s Climate Change Adaptation Policy
2014-2018 FEMA Strategic Plan

Types of impacts focused on: water supply, water quality/ecosystems, and flood control.

Initial research identified more than 70 potential projects types.

Other Notes

FEMA Announced the Climate Resilient Mitigation Activities:
* Memo sent to Regional Administrators on 9/30/2015. Available for:
* Hazard Mitigation Grant Program (HMGP) from a major disaster declared
on or after 9/30/15
* HMA funding for which the application period opens on or after 9/30/15
» Published four Fact Sheets, one for each activity type and one on green
infrastructure



Climate Resilient Mitigation Activities

» FEMA selected three activity types to prioritize at this time:
« Aquifer Storage & Recovery
- Floodwater Diversion, Storage, & Recovery
» Floodplain & Stream Restoration

= Greeninfrastructure

Provides a framework to consider regional and localized projects for
stormwater management

» Ecosystem Service Benefits

¥ FEMA s

FEMA reviewed the proposed activity types and narrowed the list down to the following 14
activities for further consideration:
e Water Supply
Brackish Groundwater Desalination
Seawater Desalination
Surface Reservoirs
Aquifer Storage and Recovery
Reclaimed Water
Water Conservation
o Water Quality/Ecosystem Restoration
Freshwater Wetland Enhancement, Restoration, or Creation
Coastal Wetland Restoration and Construction
Low Head Dams or Sills
e Flood Control
Floodwater Storage and Diversion
Floodplain and Stream Restoration
Breakwaters and Wave Attenuation Features
Adaptive Groundwater Management Regime
* FEMA evaluated the 14 activities against technical criteria including: risk reduction
function; technical feasibility; financial feasibility (i.e., cost-share); potential
Environmental and Historic Preservation (EHP) implications; fit within period of
performance; impact to ecosystem; and, environmental benefits.



Green Infrastructure Considerations for

CRMA Projects

¥ FEMA
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What Is Green Infrastructure in HMA?

Green infrastructure provides a framework and
methodology for designing and implementing Climate
Resilient Mitigation Activities

* Green infrastructure definition:

« Those HMA projects that use an integrated, natural systems-
based sustainable design approach to effective water
management (storm and flood), resulting in measureable flood
and drought risk reduction

= Focus is on re-establishing a site’s pre-development natural
hydrology and reducing damage to life and property

¥ FEMA "

Green infrastructure is about applying a sustainable approach to natural landscape
preservation, water resources, and stormwater management.

Green infrastructure provides a framework and methodology for designing and
implementing Climate Resilient Mitigation Activities, especially in high-density urban
areas.

Our working definition of green infrastructure is: those HMA projects that use an
integrated, natural systems-based sustainable design approach to effective stormwater
management, resulting in measureable flood risk reduction.

Green infrastructure uses an ecosystem-based approach to capture stormwater in
localized bio-detention or bio-retention basins, which:

- Allows more stormwater to infiltrate ground and re-charge groundwater supplies,
and

- Attenuates stormwater peak flow to reduce inundation of stormwater system.

Green infrastructure:

» Is most effective for higher frequency, lower impact events;

» Can be scaled based on community need/site conditions; and,

» Can be implemented in an interconnected system.
At a site level, green infrastructure methods should focus on using combinations of Best
Management Practices resulting in peak runoff and volume reduction to the maximum
extent possible. Best Management Practices include green space maximization,
systems that enhance infiltration (using native soils and vegetation), retention, detention
and storage. Water quality, ecosystem, and habitat benefits should not be the sole
purpose of using these practices.

10



Examples of Green Infrastructure

Projects

* Applies to site(s) and/or corridor(s)

* Applies to basin(s), watershed(s), and/or
region(s)

* Applies to all areas at risk of erosion
and/or scour

¥ FEMA 11

Green infrastructure projects include activities such as, but not restricted to:
» Localized flood risk reduction (site/corridor)

* Integrated stormwater management measures that can mitigate peak runoff rates
and volumes and are designed to reduce flood damage, in an area that is not
hydraulically connected to a larger basin.

* Retention and Detention Best Management Practices (e.g., wet ponds,
constructed wetlands)

» Conveyance Best Management Practices (e.g., vegetated filter strips,
bioswales, and culverts)

» Storage Best Management Practices (e.g., detention basins, subsurface
systems)

 Infiltration Best Management Practices (e.g., bioretention basins, tree
box filters, infiltration trenches, subsurface systems, and alternative
pavement)

» Green Practices (e.g., green space creation and connection)

* Incorporating sustainable features in the design of engineered flood
protection structures (e.g., dams, weirs, flood walls, etc.) to the maximum
extent feasible

* Non-localized flood risk reduction projects (e.g., at the basin, watershed, or regional
scale)

» Integrated watershed management, aimed at reducing peak runoff rates and
volumes and designed to reduce flood damage, in an area that is hydraulically
connected to a regional basin/watershed

« Conveyance measures: large-scale channelization of waterways using



sustainable design principles to the maximum extent feasible

» Incorporating sustainable features in the design of engineered flood protection
structures (e.g., oyster reefs, submerged or floating vegetation, constructed or
restored tidal marshes, dikes, levees, floodwalls, seawalls, groins, jetties,
breakwaters, and stabilized sand dunes)

» Soil stabilization

* Minimizing stream, floodplain erosion, and scour using bioengineered stabilization
measures (geotextiles, stabilizing sod, vegetative buffer strips, native vegetation,
slope minimization, rip rap, and other slope anchoring measures).

Additional Notes

» Green space creation and connection.

» This is about maximizing the amount of green (i.e., vegetated) areas on a site or
within a corridor using grassy areas, native vegetation in Best Management
Practices, and permeable paving (e.g., unit pavers, grid pavers, etc.).

» Connecting the green space will provide a pathway (i.e., hydraulic connection) for
the storm water to have a chance to be infiltrated, retained, and stored in multiple
such areas before reaching the ultimate outlet of the site or corridor.

» Bioengineered soail (i.e., slope) stabilization measures include live pole drains, live silt
fences, live bank protection, live gully breaks, live staking, wattle fences, brush layers, live
reinforced earth walls, and live sods.

« “Live” implies supporting actively growing native plant species, which can stabilize
the soil using their root systems.

11



Potential Benefits of

Green Infrastructure

* Risk Reduction Benefits
- Water supply
- Scalability
+ Flood risk reduction

= Ecosystem Services

DaAawmafis

Denernits

- Water quality

« Air quality

- Native habitats for wildlife

+ Reduced “heatisland” impacts

Source: EPA (December 2014)

¥ FEMA "

Benefits of green infrastructure include:
» Improved water quality

Filters stormwater and urban runoff

Alleviate Combined Sewer Overflow events and contamination of local water bodies
» Increased water supply by facilitating groundwater recharge

- Can be scaled to size and designed to fit urban conditions, retain space for dual-use
recreation, pedestrian or vehicle traffic

- Most effective for higher frequency, lower impact events
» Can be scaled based on community need/site conditions
« Can be implemented in an interconnected system

Additional ecosystem services:

« Improved air quality

» Provision of native habitat for pollinators or other wildlife
» Reduced urban heat island impacts

Source of image(s)

- United States Environmental Protection Agency (EPA), Office of Wastewater
Management presentation. Green Infrastructure for Localized Flood Management.
December 2, 2014.
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Climate Resilient Mitigation Activity
Type:

Flood Diversion & Storage

¥ FEMA

[no notes]
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What Is Flood Diversion & Storage?

= Definition: Redirection of storm or floodwaters into lakes,
channels, floodplains, irrigation canals, wetlands, or other
natural or manmade green infrastructure surface storage
(e.g., bio-swales, bio-retention, bio-detention basins)
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Definition: Redirection of storm or floodwaters into lakes, channels, floodplains, irrigation
canals, wetlands, or other natural or manmade green infrastructure surface storage (e.g.
bio-swales, bio-retention, bio-detention basins).

» The distinction between Flood Diversion & Storage and Aquifer Storage & Recovery is
primarily one of storage location:

- In Flood Diversion & Storage, water is detained on the surface.
- In Aquifer Storage & Recovery, water is detained below the surface.
- Regardless, Flood Diversion & Storage can complement aquifer recharge.

- Floodwaters are stored and some floodwater is detained and released over time, while
some floodwater is retained and allowed to seep into the ground, or in some cases,
returned to the aquifer using recharge wells.

» As floodwaters are diverted and stored, water seeping into the ground beneath the
storage area recharges the aquifer, which in turn, can limit land subsidence and in case
of drought, provide storage for water supply and reuse (stormwater harvesting).

Two main categories of storage types:

« Online Storage, where water is stored temporarily within river and/or floodplain.

14



« With online storage, there is controlled release after peak flows that avoid
inundating the riparian system.

« Examples of online storage include an impoundment structure and flow control
structures.

« Offline Storage, where water is diverted from a river for storage in a separate area.

- The offline storage area may be in the floodplain (e.g. marsh or a seasonal
wetland).

« Water is released from storage area back into river after peak flow.

« Both types can be implemented using green infrastructure to enhance groundwater
recharge through infiltration, as well as diminish peak flows.

Source of image(s)

« United Kingdom, Environment Agency. Fluvial Design Guide — Chapter 10: Flood
Storage Works, 10.2 Types of Flood Storage.
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Potential Benefits of

Flood Diversion & Storage

» Risk Reduction Benefits
+ Flood risk reduction
- Diminished peak flood flows
+ Redirected flood waters

= Ecosystem Services

DA afida
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« Water and air quality

« Restoration of wetland and native
habitat

- Reduced “heat island” impacts
- Dual-use space

o Fox, http</hwww.asla.org/2009awards/104.hitml|

Source: EPA (August 2010)

¥ FEMA -

Flood Diversion & Storage provides several risk reduction benefits:

* Increased flood risk reduction and/or management.

« Diminished peak flood flows in adjacent and downstream communities.

« Redirected flood waters away from property to bio-retention or bio-detention basin(s).

« Expanded capacity for harvesting excess storm/surface water for later use in dry periods
(e.g., drought) as drinking water or irrigation water.

Further, Flood Diversion & Storage has the following ecosystem services benefits:

e Surrounding vegetation and soil improves water and air quality through natural
processes.

¢ Increased capacity, especially through bio-retention, to restore natural wetland and
native habitat for vegetation and wildlife.

« Increased potential to provide and/or restore habitat for pollinators.

¢ Increased potential to reduce impact of “heat island” effect.

« Increased potential to create dual-use space for recreation and education.

Source of image(s)

« United States Environmental Protection Agency (EPA) Report. Green Infrastructure
Case Studies: Municipal Policies for Managing Stormwater with Green Infrastructure.
EPA-841-F-10-004. August 2010.



Climate Resilient Mitigation Activity
Type:

Floodplain & Stream Restoration

¥ FEMA

[no notes]
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What Is Floodplain & Stream Restoration?

= Definition: Restoration of the original function of
floodplains and associated wetlands of flood-prone river
and stream systems to pre-development conditions

Ecology Park, Valley Creek — East Whiteland Township, C

hester County

¥ FEMA .

Definition of Floodplain & Stream Restoration: Restoration of the original function of
floodplains and associated wetlands of flood-prone river and stream systems to pre-
development conditions.

Coastal and riverine floodplain and stream restoration (and stabilization) can be
successful methods in providing benefits of flood risk reduction and improving water
quality and habitat for fish and wildlife, recreational opportunities, and erosion control.

Floodplain and stream restoration practices can be used to meet prevention and/or
mitigation goals.

Restoration of adversely impacted, flood-prone river systems is accomplished by
restoring floodplains and associated wetlands through connectivity and storage, and by
modifying the physical stability, hydrology, and biological functions of the impaired river
banks to that of a natural stable river with periodic overbank flow.

Floodplain & Stream Restoration projects:

Restore or increase connectivity and storage capacity

Restore or increase the physical stability, hydrology, and biological functions of
impaired stream and river banks to restore a natural stable riparian system

Can take advantage of seasonal variations in water supply

17



« For example, they can capture spring rain or snowmelt to recharge both surface
water and groundwater supplies

« Provide erosion mitigation to stabilize banks, avoid bank collapse

« Projects lend themselves readily to green infrastructure methods maximizing ecosystem
service benefits.

Typical project goals and objectives are to:
» Reduce peak velocities and stream bank erosion
» Reduce peak flood stages
» Protect bridge abutments, bridges, road crossings, and other infrastructure
» Protect valuable residential and agricultural land
» Increase or improve municipal water supply
« Increase or recharge surface and groundwater resources
« Restore or improve water quality
» Restore habitat for wildlife, birds, pollinators, fish, other aquatic or amphibian creatures

» Restore stream, estuary, and/or wetland ecology

Source of image(s)

» Dewberry (2016). Presentation: Floodplain Restoration / Reconnection. Ecology Park,
Valley Creek — East Whiteland Township, Chester County.
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Potential Benefits of

Floodplain & Stream Restoration

* Risk Reduction Benefits
+ Manage and withstand hazard risks
- Floodway capacity for bank overflow
+ Reduced risk to property/infrastructure
« Erosion control and bank stabilization
- Surface and groundwater resources

Photo 13— Poor rootang medum due W croson of channel and
Bood plasn mater by }lardung Couney

= Ecosystem Services
Benefits

+ Restoration of watershed and wetland
- Water and air quality

- Native habitats for wildlife and fauna

+ Reduced “heat island” impacts

Photo |4 - Adequate rooting mednsn, Lte Creek. Harding
County

3. FEMA 18 Source: USDA (September 2007)

Floodplain & Stream Restoration provides several risk reduction benefits:

« Increased capability of the system to manage and withstand hazards risks

* Increased/new capacity for periodic bank overflow in the floodway

* Reduced risk to property or infrastructure in the impacted area

« Increased erosion control, bank stabilization, and prevention of bank failure or collapse
« Increased water supply for both surface and groundwater resources

Further, Floodplain & Stream Restoration has the following ecosystem services benefits:

* Restoration of natural watershed and wetland

« Restoration of habitat for native vegetation, wildlife, and pollinators

« Increased potential to reduce impact of “heat island” effect

e Surrounding vegetation and soil improves water and air quality through natural
processes

¢ Increased potential to create dual-use space for recreation and education

Source of image(s)

« United States Department of Agriculture (USDA). A Guide for Planning Riparian
Treatments in New Mexico. September 2007.
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Climate Resilient Mitigation Activity
Type:

Aquifer Storage & Recovery

¥ FEMA

[no notes]
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Potential Benefits of

Aquifer Storage & Recovery

* Risk Reduction * Ecosystem Services
Benefits Benefits
+ Flood hazard reduction « Aquifer recharge and water
+ Reduced peak discharge flow filtration
. Expanded capacity for . Barrigr againet saltwater
harvesting excess intrusion in coastal areas
storm/surface water - Enhance wetlands and
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Outline of the benefits of Aquifer Storage and Recovery:

Aquifer Storage and Recovery can help increase the climate resiliency for seasonal
periods of low rainfall, or extended periods of drought, by taking advantage of seasonal
variations in surface water runoff, and groundwater availability.

Aquifer Storage and Recovery can compliment the Flood Diversion and Storage
techniques discussed previously, by providing some flood hazard reduction. If Aquifer
Storage and Recovery wells are located near reservoirs or regional storm-water
retention/detention systems, they may help reduce the peak discharge volumes from
these facilities and store the water in an aquifer for later beneficial use.

Aquifer Storage and Recovery further has the benefit of recharging the aquifer, filtering
the water as it flows through the soil matrix.

In coastal areas, it can be used as a barrier against saltwater intrusion, particularly
where inland pumping has lowered the water table.

Aquifer Storage and Recovery can also help enhance or create new wetlands and
riparian habitat.
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Technical Overview:

Aquifer Storage & Recovery

Olshesky Design Group

¥ FEMA

[no notes]
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What Is Aquifer Storage & Recovery?

Source: Dewberry (2016).

An aquifer is an underground formation of permeable soils or rock that contains or
transmits water.

« Much of the water in our aquifers — most notably the large Edwards Aquifer in Texas and
the Ogallala Aquifer under the Great Plains is very old — prehistoric water — and we
have been using it much faster than it is being replenished — referred to as overdraft.

- This lowering of the water table requires users to continually drill deeper wells (often
drying up their neighbors wells), use more energy to pump water, and sometimes cause
a degradation of water quality. Recharging aquifers is a slow process.

Aquifer Storage and Recovery is defined by a series of actions, including:

« Capturing water when it is abundant (e.g., during a rainy season such as spring or
through a continuous treated water source)

- Storing water in an aquifer
« Recovering groundwater if and when it is needed

This graphic depicts a simplified version of how aquifers, surface water bodies, and wells
are interrelated.

For our purposes, there are two basic aquifer types: confined and unconfined.
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An unconfined, or water table aquifer — shown on the right half of the drawing is half of the
drawing is the simplest, where:

« rainfall falls on the ground - or a river flows by

- water percolates or infiltrates through the soil, assuming the soil is permeable enough to
allow this

- until it reaches a level below ground where the soil becomes saturated,

« This creates an underground body of water that fills all the voids between the soil or rock
particles.

Sometimes the very uppermost water in an aquifer may not the best quality — it may contain
higher levels of undesirable dissolved minerals, or be directly connected to surface water or
discharges that may have biological or industrial contamination.

Notice the relationship, again simplified, between the surface waters — a river (or lake), and
the water table.

The soils under the river are saturated, and if close enough and permeable enough there will
be a groundwater mound in the water table under the river.

This relationship can and does vary with the seasons — sometimes you have a losing stream,
where the stream recharges the groundwater, and sometimes you have a gaining stream
(say a spring) where the groundwater adds water to the surface water body.

This is a similar situation to when you have an infiltration or recharge basin (shown in the
center of the figure) — with water supplied by diverted flood waters or water treated by a
wastewater treatment plant — this water percolates down through the soails.

In an groundwater injection well (to the right), water is injected directly into the aquifer. Both
recharge basins and injection wells recharge basins and injection wells create a groundwater
mound on the surface of the water table near on the surface of the water table near where
the water is being supplied.

Conversely, on the far right — a pumping well removes water, and creates a cone-of
depression around the well where the water is withdrawn.

As you might expect, the height and width of these mounds or depressions, and the ability of
the formations to take on water, are all highly dependent on the rate of water recharge or
extraction, the permeability and homogeneity of the soils, and the connectivity of the
permeable zones. Generally, the more permeable the soils, the faster the infiltration, and the
flatter the mounds.

You can see that overdraft pumping could induce saltwater (or brackish) intrusion.



To counteract this flow, the strategic placement of injection wells can create a groundwater
“berm” that helps prevent saltwater intrusion.

The other type of aquifer is a confined aquifer.

« A confined aquifer is one where the recharge area, and water table aquifer, are at a higher
elevation, as shown on the left.

As the water flows through the formation, assuming hydraulic connectivity, it may move
under, and become effectively “trapped” by an impermeable, or confining layer (hence the
name — confined aquifer), and build up pressure (the weight of water due to elevation) as the
elevation of the ground surface decreases.

If you are at a lower elevation, and drill a well that penetrates the confining layer, the
pressure in the confined zone will cause the water to flow upwards into the well casing —
referred to as artesian conditions — and sometimes even flow out the top of the well onto the
ground.

Often the water in a confined aquifer is of excellent quality — due to the recharge areas often
being in a more pristine location.

So, if you are at the lower elevation, the confined aquifer is a closed system, and you can
only add water to the confined aquifer with injection wells.

However, that doesn't prevent you from looking at the higher elevation recharge areas and
attempt to facilitate additional recharge — especially if the river watersheds are the same — to
provide flood storage at a higher elevation.

Source of image(s)
« Dewberry (2016).
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Aquifer Storage and Recovery

Technical Overview:

* Challenges for successful Aquifer Storage and
Recovery: Maximize contact area between surface water and
permeable soils and increase the time of infiltration.

Flow rates/volume
» 1,000 gallons/ minute = 2.23 cubic feet/second (Small stream)
+ Pumping 5.4 hours = an acre foot of water

Hydraulic conductivity — “k" (permeability)
- 1,000 feet/day — fractured rock or gravel (tortuous)
- 0.00001 feet/day — solid rock or clay

- Connectivity of permeable soils and the problem of heterogeneity are
important

¥ FEMA 2

It is a challenge to successfully achieve aquifer storage. Essentially the goals are to:
* Maximize the contact area between surface water and permeable soils.
* Increase the time of infiltration.

Regarding these goals, it is important to get a feel for units of flow and volume and the

difference between conventional pumping rates and stream flow.

¢ For instance, 1000 gallons per minute = only 2.23 cubic feet per second (a very small
stream).

« For reference, a typical home uses about 2000 gallons a month.

e At this flow rate, it will take 5.4 hours to create an acre-foot of water (43,560 cubic feet).

* So you can see the difference in scale between pumping and stream flow rates — and
the challenge to successfully infiltrating a significant volume of water.

The other aspect of the challenge is Hydraulic Conductivity — the proportionality constant

for the flow of water though a porous media - which is related to the permeability of the

soils.

» Conductivity is widely variable, and often a major issue in hydrogeologic investigations.

< Fractured rock or gravel can be very conductive, with velocities up to 1,000 feet/day —
though recognize that groundwater follows a tortuous pathway, and not a straight line.

» Conversely, solid rock or tight clays can have a conductivity of one 10,000™ of a foot per
day — essentially impermeable with no flow.

« The connectivity of the permeable layers and heterogeneity of the soils are important.

So the challenge is to try and find the areas with the most permeable soils, and discharge
in these areas.
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Also, try and allow infiltration to continue for as long a time as possible.
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Aquifer Storage and Recovery

Technical Overview:

* Design Analysis:

- National Resources Conservation Service (NRCS) soils data
Available land area
Saturated well flow calculations

- Subsurface geology — hydrogeology
Confined/ Semi-confined/ Water table aquifer
Gaining - losing stream data
Higher elevation recharge areas

« Water quality
Natural contaminants — arsenic / selenium / brackish
Industrial contamination - trichloroethylene (TCE)

« Temperature

- Energy dissipation

¥ FEMA 24

Proper siting of infiltration structures is critical — it is useful to take a holistic look at all the
green infrastructure possibilities and design them in concert.

Remember, an aquifer may span multiple jurisdictions or communities, and the
groundwater may have very important uses in these areas.

Also, the EPA is responsible for regulating all injection wells — and their review must be

included.

« Link to EPA website on Underground Injection Control: https://www.epa.gov/uic

« Link to EPA website on aquifer recharge, storage, and recovery:
https://www.epa.gov/uic/aquifer-recharge-and-aquifer-storage-and-recovery

Geographic information systems (GIS) are very useful here in integrating and comparing
the various data that is used to evaluate an infiltration system.

The United States Department of Agriculture, National Resources Conservation Service

(NRCS) soils data:

» Provides a map of surface soils over the available land area,

« Classifies soil drainage characteristics, and

e Is used to calculate saturated hydraulic permeability. Estimating infiltration capacities is
not an exact engineering calculation due to hon-homogeneous conditions in soil.

We obviously need to understand subsurface geology — hydrogeology. It is important to
know if are there any existing studies that have been performed, such as those by
local/state/federal agencies, well drillers.
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https://www.epa.gov/uic/aquifer-recharge-and-aquifer-storage-and-recovery
https://www.epa.gov/uic

» Confined/Semi-confined/Water table aquifer
» Calculation of vertical soil permeability's similar to used in water injection wells
e Gaining - losing stream data

» In areas with lower-elevation confined aquifers, it may be appropriate to map and evaluate

the higher elevation groundwater recharge areas, where flood water diversion and
increased recharge can help replenish the overall aquifer

Water quality
 BE VERY CAREFUL - you do not want to contaminate subsurface aquifers —
contamination can be extremely hard to reverse.
» Naturally occurring dissolved minerals that cause health issues, include:
» Arsenic — which is present in the native rock structure
e Selenium — due to evaporation of irrigation water and resulting concentration of
agricultural salts — caused severely deformed waterfowl! in Kesterson National
Wildlife Refuge
» Brackish — salt water intrusion from coastal areas often exacerbated by over-
pumping of groundwater
* Non natural
 Industrial contamination — trichloroethylene (TCE)

Temperature — may be able to cool off streams where summer heat creates stressful
conditions for wildlife.

Energy dissipation — if elevation differences or heavy flows, may need to reduce energy of
flowing water.

Maximize surface area of saturated discharge trenches exposed to native soils.
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Aquifer Storage and Recovery
Groundwater Recharge Gallery

L S Gk ‘

= Recharge Gallery:
+ 200 - foot long trench
- Located over permeabie soiis
- 24" perforated high-density

polyethylene (HDPE) pipe

- Buried 10 feet in 2"- 4" gravel
- Energy dissipater
- Fiber-optic level / flow control instrumentation

Source: Dewberry (2016)

¥ FEMA -

Case Study

This is a groundwater infiltration gallery in central Pennsylvania used for the discharge of
treated water.

The nominal capacity is 500 gallons per minute, with a capacity to overflow into wetlands
areas during rainfall events when the ground becomes saturated. It is a complex
situation, as the receiving stream is considered by the state to be an Exceptional Value
Stream for brown trout — temperature issues, in winter, spring, and summer are
important.

In order to select the optimum location for the infiltration gallery, hydrogeologic
investigations, a gaining/losing stream investigation, and subsurface geophysical
investigations were performed. The goal was to help increase contact with the most
permeable surface and near-surface soils with the underlying permeable zone of the
aquifer.

The infiltration gallery, shown in the larger photo, was 200 feet long, and 10 feet deep. A
24-inch diameter perforated high-density polyethylene (HDPE) pipe was placed in the
bottom, covered with geofabric, and the trench filled with 2-inch to 4-inch gravel.

The lower right photo is looking down into the energy dissipater, showing incoming
water. This is the only visible surface structure; all else looks like a meadow.

Another example of a larger-scale infiltration basin is on the Santa Ana River near the

City of Redlands in Southern California. This aquifer consists of primarily large cobbles —
round river rocks 10 inches to 2 feet in diameter, extending down to 400 foot
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depth...creating a perfect natural recharge area. Large recharge basins near the river
banks take overflow during storm conditions.

In some areas, inflatable dams may help divert some of the “first flush” storm flows that
may be more turbid and less desirable for recharge.

IN SUMMARY

Aquifer recharge is very complicated, often with limited engineering data available for
analysis.

Soil permeabilities are the limiting factor, and often drive the rate of infiltration.

But, attempting to help recharge our nations aquifers is very important — and the
challenges to infiltration should not overrule the benefits.

Source of image(s)

Dewberry (2016).
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Case Study #1:
Oregon — Johnson Creek Floodplain

~ Restoraion

i ]
Bureau of Environmental Services, City of Portland

¥ FEMA

[no notes]
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Case Study #1:

Oregon — Johnson Creek Floodplain
Restoration

= Location: 10 mi east of Portland city-center
- 52 square mile watershed; 26 mile main stem

= Project Goals:

- Restore natural floodplain function and
increase flood storage

+ Improve water quality
- Improve habitat for fish and wildlife

= Highiights:
+ Successful Willing Seller Program
Over 250 acres to date
- Created over 250 acre feet of flood storage
+ Planted over 200,000 native trees and shrubs
+ Over $59 million in land conservation and restoration

¥ FEMA

27

The Johnson Creek watershed crosses two county, and five City boundaries.

« Forty percent of the JC watershed is in the City of Portland.
City of Portland Bureau of Environmental Services (BES) has a long-standing
commitment to addressing impacts of flooding, particularly in the Johnson Creek
watershed where flooding is most notorious.



Johnson Creek Restoration Plan

(2001)

* 3 Comprehensive Goals:

+ Mitigate nuisance floods (~10-yr
event) rmaws b » > Johnson Creek

Restoration Plan

+ Improve water quality
« Increase habitat

= Establishes concept design
for projects in 58 reaches of
the 26-mile stream system

Source: City of Portland Bureau of Emvironmental Serices BES (2001)

¥ FEMA 28

Synopsis

After numerous studies and reports over seven decades - by the U.S. Army Corps of
Engineers, the County, and others - on how to address flooding in Johnson Creek,
Portland Environmental Services published the Johnson Creek Restoration Plan in
2001.

» Link to Johnson Creek Restoration Plan:

http://www.portlandoregon.gov/bes/article/214367.

The plan identifies projects within 58 reaches, specifies the ‘level of service’ at about a
10-year flood event.
The Johnson Creek Restoration Plan also provided the analysis and endorsement
needed to fund projects under our capital program.
Three integrated goals provide the foundation for the plan:

» Restore natural floodplain function and increase flood storage capacity;

« Improve water quality; and,

* Improve habitat for fish and wildlife.
The reason the Johnson Creek Restoration Plan is still relevant 15 years from its
development is because it focuses on restoring natural functions in a way that
simultaneously meets goals for public health and safety, water quality, and restoration of
habitat for fish that were listed as threated under the Endangered Species Act (ESA).

« And, we now can add Climate Change resiliency to the list even though it wasn't

on our radar in 2001.

Monitoring plans are established during design so that we can determine how closely
project performance lines up with design assumptions and make use of lessons learned.
* Areport on the first 10 years of implementation can be found on our website:

http://www.portlandoregon.gov/bes/article/428010
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» To reach our goal of mitigating impacts of nuisance flooding we must create approximately
550 acre-feet of flood storage within the City of Portland and a total of approximately 1,800
acre-feet throughout the entire watershed.

» The following data shows the results of our total floodplain restoration projects in Johnson
Creek to date.

e Total Project Size (acres): 152

* Flood Storage Added (acre-feet): 263

e Stream Length Enhanced (linear feet): 16,495

* Trees (rounded): 57,780

» Shrubs (rounded): 158,040

« Land Acquisition Costs (Metro and/or Portland Parks cost-share): $22,347,000
» Project Design & Construction Costs: $35,399,000
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1930’s Works Progress Administration
Channelizing and Rock Lining

Source: Oregon Histoncal Society (1934).

¥ FEMA -

There are three influences on flooding for the Johnson Creek watershed:

1.

Missoula floods during last ice age created expansive flood plain in this area (~350
acres in the 100-year floodplain).

e Initially much of the land was farm land, but now it is industrial and residential.
During the 1890’s a rail line was built on a berm that bisects the floodplain, though it is
now a recreational path.

In the 1930’s, the Works Progress Administration — a program designed to create jobs
during the depression — channelized and rock-lined Johnson Creek.

« The goal of the project was admirable — put people to work and reduce flooding

in Johnson Creek.

« The project was an impressive display of workmanship.

« Unfortunately, the end result for Johnson Creek was not as intended.

« In fact within a few short years of the projects completion, major flooding caused

significant damage. Habitat and water quality features were severely altered.

« Some of the work being done on Johnson Creek aims at undoing the alterations

of the past.
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Other Challenges

= Threatened species under
Endangered Species Act

(Chinook, Coho,
Steelhead, Cutthroat)

« Temperature
+ Toxins

= Social/lEconomic : *54"'
+ Homeless population ! ?

« Maslow’s Hierarchy

Source: City of Portland BES (2002)

¥ FEMA 30

Toxins — dichlorodiphenyltrichloroethane (DDT), Dieldrin, and mercury
Threatened species include steelhead (listed in 1998), Chinook (listed in 1999) and
Coho listed as endangered.
Cutthroat are a species of concern.
Much of the watershed’s population (especially within Portland) is vulnerable in terms of
economic and housing security, has high levels of rental properties, poverty and English
as a second language.

« As such, building a stewardship base for our restoration work is difficult even

though it helps address some of the social/economic issues.



Willing Seller Program

Initiated in 1996 after
major flood events

» Over 250 acres of
flood-prone property

writhin fArnirtarnat araa
WWILIEIID TV v scl arca

acquired to date

w

s Musar CON Milliam i DES
" ANVELD LV IWHTTNIVI TN Dew
funding, $27 Million
total
= urr.e City of Portland BES - upper photo (1996). lower ph.;(u ;éﬂﬁﬁ]
¥ FEMA 3

Johnson Creek flooding was persistent but not devastating.

Many businesses and residents learned to live under these circumstances and in some
cases (as in the property pictured on the bottom) it was a challenge to relocate them.
Some areas experienced this level of flooding every few years.



Floodplain Restoration

BEFORE

Source: City of Portland BES - before photo (2004); after photo (2008)

32

Pictures

Before (picture on the left) — Tideman Johnson Park pre-project
After (picture on the right) — Tideman Johnson Park post-project

Exposed 5 foot diameter sewer pipe can be seen in photo on the left.
After years of internal debate/negotiations we were able to make a case for taking a
restoration approach to protecting the pipe vs. pipe relocation, inverted siphon, etc.

The 100-year old pipe was reinforced with concrete, the stream bed was raised, and the
adjacent floodplain was lowered to allow high flows to spread out vs. continue to down-
cut.
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Floodplain Restoration
2007

Source: City of Portland BES - left photo (2002); night photo (2008)

¥ FEMA -

Photo on the left shows a blue line where Johnson Creek was realigned by the Works
Progress Administration in the 1930's.
Note the meander scars that show up despite more than 6 feet of fill over them.
Photo on the right is post-construction.
« The site is about 25 acres and added about 75 acre-feet of flood storage.
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Floodplain Restoration

2011-2012

= $2.7 million FEMA
Pre-disaster
mitigation grant

= Reduces the
frequency of
flooding on Foster
Rd.from 1.5 years
to~ 6 years.

Source: City of Portland BES (2009)

¥ FEMA .

This project is our most significant to date — in terms of the benefits, size, and complexity
(social and technical).
The picture here is an aerial photo of a rain-on-snow event.
It took 16 years to purchase land through a willing seller program for the restoration
work.
We worked with 60 property owners and bought about 54 acres to restore the floodplain
here.
« Properties in red were the hold outs who eventually did sell, though the process
became quite political with the Mayor (at that time) deciding to get directly
involved in negotiations.
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Case Study #1:

Oregon — Johnson Creek Floodplain
Restoration

2011, Post Phase | Restoration

Source: U.S. Geological Senice left photo (2002); City of Portland BES ~ nght photo (2011)

¥ FEMA .

Johnson Creek historically flooded on average every other year. We've changed that; with
our work to-date flooding happens about every 6-8 years and with more restoration, it will
be even less frequent.

- Climate Change resiliency and adaptation were not core planning and project goals in
2001 when the Johnson Creek Restoration Plan was published.

- Nonetheless, because our approach focuses on restoring floodplain function by
acquiring land and restoring natural functions, the projects also address this important
function.

« In March 2011, Portland Bureau of Environmental Services commissioned a study,
Johnson Creek Salmonid Potential with Future Urban Development, Climate Change
and Restoration: 2009 to the 2040s by Willis E. McConnaha, Ph.D. at ICF International.

» Link to commissioned study: http://jcwc.org/wp-
content/uploads/2012/01/Johnson-Creek-Future-Restoration-03 10 11.pdf

- Summary of findings (graph on page 49 of study): Habitat potential in numbers of adult
salmonids in Johnson Creek Watershed increased in all instances with planned
restoration changes

- Although predicting the local effects of climate change is challenging, this
analysis demonstrated that the City’s restoration strategies should help moderate
the effects of climate change. Efforts to moderate stream temperatures by
enhancement of riparian forests and storm water recharge of groundwater are
examples of positive steps that the City can take to moderate the expected
impacts of climate change. Extrapolating from climate change models, evaluating
watershed-scale effects, and predicting salmonid species response with the



http://jcwc.org/wp

model multiplies the uncertainties associated with exact predictions. In addition,
fish population response is only one component of a broader ecosystem and there
is a wide range of possibilities in the response of complex biological systems to
climate change.

« Video highlighting the mitigation improvements of the Johnson Creek.

« Link to video: https://www.youtube.com/watch?v=Xo-rLVVOmBO
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Case Study #1:

Considerations & Challenges
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* Extensive EHP review required?........

* Negative impacts to watershed? ........
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* Post-completion maintenance issues?...

¥ FEMA 36

Lessons Learned

A comprehensive plan with quantifiable goals and metrics provides a solid foundation
that has longevity.

This is VERY complicated work. It takes tenacity to do the planning; establish funding,
purchase land; design, permit and construct projects; and keep stakeholders engaged,
informed and content.

Establish clear, fair policies and procedures for a Willing Seller Land Acquisition
Program and stick to them as much as possible. Realize that it will in all likelihood
become political at some point if not throughout

If possible, seek internal funding for a comprehensive set of projects. Especially in urban
environments, this work is very expensive and substantial outside funding is extremely
hard to come by.

Funding for ongoing operation and maintenance is extremely hard to secure.
Burgeoning homelessness across the nation is threatening the functionality and safety of
public natural areas.

Letter of Map Revision/Conditional Letter of Map Revision process can be challenging
for multi-year projects.

Be patient and hope you have a few storms that help demonstrate project success along
the way. The media and public are very hard to educate about complex and detailed
results. Pictures are worth a thousand words so take lots of them, especially aerials
during out of bank events.

36



Case Study #2:
Utah — St. George Area Bank Stabilization

Project Manager for City of St. George
Bank Stabilization Efforts

¥ FEMA

[no notes]



Case Study #2:

Utah — St. George Area Bank Stabilization

* Location: St. George, Utah
- Santa Clara River & Virgin River

* Goals:
- Mitigate riverbank erosion during flood events

+ Minimize impact to wildlife, especially fish

= Highlights: ﬂ

- Bioengineering as a riverbank stabilization method
Supplements rip-rap approach
Can simplify environmental permitting process
Improves overall long-term river stability
Affordable project costs (1-5% of total project)

¥ FEMA 38

Synopsis

For centuries, the problems of sandy, easily erodible soils have plagued the Utah
communities of St. George and Santa Clara along the banks of the Virgin and Santa
Clara Rivers.

* In 1862, settlers were forced to relocate homes and farms along the Santa Clara
as a result of an extreme flood.

» Ever since, river flooding and lateral erosion along the riverbanks has caused
significant damage to these areas.

The city was introduced to alternative bioengineering solutions by the late Tom Moody,
the principal engineer with Natural Channel Design and the primary author of the Santa
Clara and Virgin River master plans.

* Bioengineering uses a variety of nature-inspired and environmentally conscious
techniques to stabilize riverbanks from erosion.

« Mr. Moody’s master plans provided the community with a road map for
reconstruction, management and long-term maintenance of the river corridors
that incorporates bioengineering.

Bioengineering provides a much more natural method to improve bank stability and
protection from lateral erosion.

« Inthe long run, it is better for the environment, it is more aesthetically pleasing,
and it allows us to extend limited river bank stabilization funds.

* In many cases, the planting stock is readily available from the river and it greatly
simplifies the environmental permitting process.

The most recent bioengineering method used on the Santa Clara River consists of
embedding root wads and horizontal logs spaced at 90-degree angles into the river bank
supplemented by rock riprap toe protection.
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This technique, adopted from the Natural Resources Conservation Service, adds
stability to the river bank using native cottonwood and willow tree pole plantings
and root wads.

Some rock is used in addition to the -bioengineering to help stabilize and protect
the highly erosive river bank soils until the vegetation becomes established.

» A bioengineering system cannot totally replace a rock riprap system for critical erosion
protection in arid sand bed environments like Southern Utah.

However, supplementing the rock rip-rap with bioengineering techniques can
simplify the environmental permitting process for a project as well as improve the
overall long-term stability of the river.

The costs to include bioengineering have been affordable, ranging between 1 and
5 percent of the total project costs, depending on the type of bioengineering used.
Pole plantings have been very affordable (less than 2-percent); root wads are
slightly higher (up to 5-percent).
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Case Study #2:
Utah — St. George Area Bank Stabilization

—ZOR e T - w o = i 7 g L A —
» Located in arid southwestern Utah, near the northern edge of
the Mojave Desert and Colorado River Basin

Source: City of St. George, Utah (date unknown)

¥ FEMA »

e During the summer of 2004, wildfire damaged extensive areas in the higher elevations of
the Santa Clara River watershed.

< Rainfall events in the late fall of 2004 filled irrigation reservoirs and contributed to soll
moisture levels (70% of saturation) in the watershed.

e OnJanuary 8-12, 2010 a large Pacific frontal system moved through the region resulting
in up to 7.7 inches of precipitation in the basin resulting in record discharge levels in the
Santa Clara River.



Flooding Event
January 11, 2005

e

= Santa Clarariver flooding & lateral erosion destroys 28 homes
and causes $85 million in private property damage

Source: Rosenberg Associates (January 2005)

¥ FEMA "

» This home under construction was 600 feet from the riverbank and outside of the Flood
Insurance Rate Map (FIRM) Zone A 100-year floodplain.

« The home here was never damaged by the water directly, but the soil underneath with
eroded away and it collapsed into the river a few moments after this photo was taken live
on national TV.

» A total of 28 homes were lost over about a 72-hour timeframe, with $85 million of private
property damage.
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Flooding Event
January 11, 2005

= An additional $140 million in damage to local streets, bridges

and utility infrastructure.
Source: Rosenberg Associates (January 2005)

¥ FEMA "

This picture shows more evidence of the damage from the 2005 floods.

Washington County received a federal disaster declaration as a result of those losses.
As a result, the cities put together a River Master Plan that gave us a blueprint for how
work would go into restoring the streams natural function and providing for necessary
erosion protection.
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Santa Clara River, St. George, Utah
December 27, 2010

e

installed along the river following the 2005 flood.

Source: Rosenberg Associates (December 2010)

¥ FEMA -

As a result of the 2005 flood declaration, St George qualified for additional funding.
Following the 2005 flood and the threat of additional flooding from significant snowpack
in the mountains, the National Resources Conservation Service (NRCS) came into the
area and made a significant investment in channel armoring. Specifically, the Santa
Clara River was armored with rock rip-rap.

Native cottonwood and willow plantings were also installed as mitigation for the rock rip-
rap in accordance with National Resources Conservation Service Bioengineering
techniques.

In 2010, there was another very heavy rain event, with a recurrence interval of
approximately 40 years.

You can see this photo was taken 5 days after the 2010 flood, and the rock walls and
vegetation are visible.

The bioengineering efforts proved successful in reducing erosion damage in many
locations.
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Shadow Creek Reach Protected from
Erosion
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= Although 2010 flood peak flow was larger than 2005, the resulting

erosion damage to homes & private property was minimal.
Source: Rosenberg Associates (December 2010)

¥ FEMA -

No homes were lost during the December 2010 flood event, which was a larger event
than the 2005 flood.
There was some erosion damage and some of the rock walls were damaged but a lot of
the areas where bioengineering was installed only incurred minor damage.

* Note the vegetation along the right bank in this photo.



Native Vegetation Provided Additional
Roughness

* Note the difference in flow velocity between the channeland
the stream bank behind the vegetation.

Source: Rosenberg Associates (December 2010)

¥ FEMA "

This is the same area of the river as the last photo.

This photo was taken during the flood, and you can see the river is up to the top of the
floodwalls and starting to spill over into the high area.

The cottonwood trees you see provide significant roughness in the river and contribute
to the difference in velocity flow between the area in the mainstream (high velocity flow)
and the area between the tree line (low velocity flow).

The rock rip-rap armored bank continues to protect the property behind it from erosion
damage.
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Native Vegetation Added Stability

= Vegetation near the toe of the rock slope helps to reduce

erosive forces on the stabilized river banks
Source: Rosenberg Associates (December 2010)

¥ FEMA "

Native cottonwood and willow vegetation established near the toe of the rock riprap
increases roughness and decreases flow velocities reducing the erosive pressures on
the rock riprap.

This photo shows what the river looked after the flood receded.

There is sedimentation that happens in the zone, between the cottonwood trees, the
willow grove, and the rock walls.

There was some scouring on the river side of the tree line in the channel, but we can
deal with that type of erosion a lot better than we can with erosion along the bank.
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Sunbrook Golf Course Reach
December 27, 2010

» Flood causes significant lateral erosion damage and threatens
adjacent homes and public infrastructure

Source: Rosenberg Associates (December 2010)

¥ FEMA -

This photo of a Sunbrook Golf Course reach was taken following the 2010 flood event.
This is an area that was not protected with rock rip-rap or bioengineering following the
2005 flood event.

However, because the 2010 event was a larger flood and because this area was not
protected there was significant erosion damage.

You can see the vertical banks of the golf course were damaged and the flood
threatened the nearby homes as well.
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Sunbrook HMGP Project

= City of St. George made final application in October 2011 including
bioengineering to reduce project costs

= Benefit Cost Analysis required completion of an Erosion Hazard
Risk Assessmentand an Erosion Damage Frequency Assessment

= Benefit Cost Ratio= 3.02
= Approved by FEMA in October 2012
= Federal Share $357,057 - Local Share $119,018

= Due to environmental concerns (endangered fish) construction did
not start until October2013

= Construction was completed in March 2014

¥ FEMA a7

The city worked FEMA and other state agencies to apply for Hazard Mitigation Grant
Program (HMGP) funding, following the 2010 flood event.

We went through the Notice of Interest and application process successfully including
the completion of a Benefit Cost Analysis.

FEMA funded a large portion of the total cost of the $470,000 project, but there was also
a local share funded by the local flood control authority which the City helps fund.

There were environmental concerns due to the presence of Endangered Species Act-
protected native fish in the river.

Because of those concerns, we couldn’t do any work on the river except during the fall
and the early portion of the winter.
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Erosion Damage Frequency Assessment

(ROSENBERG|

= Completed for the 10, 25, 50 & 100 year events based on an
erosionrisk assessment (JE Fuller Geomorphology report)

Source: Rosenberg Associates (October 2011)

¥ FEMA -

The BCA we conducted was based on an Erosion Damage Frequency Assessment.
We completed the erosion risk assessment based on four distinct flood events.

The outside purple line depicts the 100-year flood risk assessment, so everything within
the line would be impacted by a 100-year flood and the subsequent erosion that would
happen.

You can see the extent of the damage that would result to the golf course and the loss of
a number of high-value homes adjacent to the golf course.

We calculated the cost to do the project, and we calculated the potential damage due to
the erosion if the project is not done and approached the Benefit Cost Analysis that way.
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HMGP Project Typical Bioengineering

Section
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= Rootwads added to rock rip-rap toe protection with native
coyote willow and cottonwood vegetation

Source: Rosenberg Associates (November 2013)
& FEMA a0

This image shows one of the bioengineering techniques used.

Because you need time to get bioengineering established and functional, the vegetation
plantings were supplemented with rock rip-rap near the toe of the slope to protect the
bank in the short term.

Once the slope was stabilized, we installed root wads within the rock rip-rap to add
roughness and slow down the flow velocity near the bank.

A number of large cottonwood trees that were damaged from previous events were
available, providing a good source of root wads for the project.

Then, we supplemented those with willow and cottonwood pole (stem) plantings also

readily available from the river floodplain upstream and downstream from the project
area.
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Sunbrook Golf Course Reach —
Before HMGP Project

December 27, 2010

» Eroded vertical sandy banks void of vegetation

Source: Rosenberg Associates (December 2010)

¥ FEMA "

This is the same Sunbrook Golf Course reach following the 2010 flood, before
implementing the Hazard Mitigation Grant Program (HMGP) project.

You can see all the vegetation has been completely eroded from the floodplain.

You can see the vertical sandy banks, exposed on the left side of the image, are
adjacent to the golf course.

Additional flooding would cause additional erosion and collapse of the bank, threatening
the homes behind it.
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Sunbrook Golf Course Reach —

After HMGP Project
arch 7,2016
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= Stabilized slope, bioengineered toe protectionin place

Source: Rosenberg Associates (March 2016)

¥ FEMA -

This picture shows what the same Sunbrook Golf Course reach bank looks like as of
March 2016.

There’s healthy willow growth and some cottonwood plants returning two years after
planting. Also note that there is a lot of good vegetation near the toe of the slope.

The toe rock although it is unseen, is still present at the toe of the slope.

Some vegetation is growing on the slope itself, but additional revegetation is necessary
due to the dry conditions.

As a lesson learned, there may be arid areas where you have to provide supplemental
irrigation to promote healthy growth of vegetation.



Coyote Willow Pole Plantings
April 14, 2014

= Planted adjacent to rock rip-rap toe

Source: Rosenberg Associates (Apnl 2014)

¥ FEMA -

This picture was taken in April 2014 upon completion of the project as a demonstration
to show what can happen.

You can see the toe rock on the right side of the picture, the channel overbank has been
disturbed as part of the project.

Native coyote willow stems, three per bundle, were planted on the overbank adjacent to
the rock. They were buried to a depth equal to the anticipated lowest groundwater level
measured during the year.

Testing was completed before we designed the project to determine how deep the
groundwater is, and the planting is designed so that the root of the end of the stem is
placed into the ground below the water table at its lowest point.

As you see, the plantings are out in front of the toe rock, so that it can provide some
additional roughness. However, we did not plant in the main channel because we want
that area to have less roughness. These areas can be reseeded with native grasses.

If pursuing a bioengineering project, you have to understand where the natural
groundwater is and the quality of it. It was important for us to understand the hydrology
of the larger river basin.

We had a lot of environmental reviews, primarily due to the major species that were in
the system. We were require to provide new mitigation for the disturbance.

We implemented bioengineering on stable reaches of the section of the river in an
attempt to mitigate negative impacts.

Ongoing maintenance issues. City crews go out when we have a cottonwood tree in the
main channel that reaches a level where it accumulates flood debris or if it could deflect
the flow. Those trees are removed and we use those trees as planting stalks near the
toe of the bank to help increase the roughness near the toe and try to keep the
roughness low in the main channel section.
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Coyote Willow Pole Plantings

March 7, 2016

- -
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= Willows provide additional banlk stability

Source: Rosenberg Associates (March 2016)

¥ FEMA -

This photo shows the same bank reach after two years (March 2016).

With two years of growth, there is a good stand of the coyote willow growing right in the
area where they were planted.

To the left of the photograph, the channel is still a lot smoother with less dense
vegetation, and the toe rock is back behind the vegetation protecting the access road
that goes to the golf course maintenance area.



Case Study #2:

Considerations & Challenges
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* Negative impacts to watershed? ........
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* Post-completion maintenance issues?...

¥ FEMA 54

Lessons Learned
We found the following lessons learned from this experience:

Understanding the river geomorphology is critical for success. Bioengineering
applications may not be successful in very high velocity areas like the outside curves
along sharp river bends.

Bioengineering requires time to become established. The most success in bank
stabilization was found when bioengineering efforts are combined with rock rip-rap toe
protection and hardened grade control structures.

It is critical that willow and cottonwood pole plantings be installed properly and extend
below the lowest annual groundwater levels. Water quality is also important when
selecting plants.

Cut stock must be stored and cared for properly between harvesting and installation.
Ongoing maintenance of the vegetation is required to provide optimal erosion protection
benefits. Supplemental plantings and irrigation may be required.

If pursuing a bioengineering project, you have to understand where the natural
groundwater is and the quality of it. It was important for us to understand the hydrology
of the larger river basin.

Extensive environmental reviews were required due to the endangered species that
were in the system. We were require to provide new mitigation for the disturbed areas.
Bioengineering designs should be based on stable reaches of the river in an attempt to
mitigate potential negative impacts. Only native plants should be used.

Ongoing maintenance may be required. On the Santa Clara River, City crews go out
periodically and remove unwanted trees from the main channel when the risk of
accumulating flood debris and deflecting the river exists. Those removed trees are
reused as pole plantings to help increase the roughness near the river banks and help
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keep the roughness lower in the main channel.
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Benefit-Cost Analysis (BCA) &

Ecosystem Services

¥ FEMA

[no notes]
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Benefit-Cost Analysis Evaluation

= Project’s flood risk reduction benefits can be evaluated using FEMA
BCA Tool

= To evaluate drought benefits, project application must at minimum
identify:
+ Increased water supply capacity in relation to population served
- Recurrence interval for drought
No one method for assessing
Applicants should use best available data
FEMA Fact Sheets provide resources for drought recurrence

= Climate Resilient Mitigation Activities project applications can include
the value of ecosystem services provided by the project, when
applicable

¥ FEMA 56

So, how is this type of information quantified and what are the beneficial goods and
services that are provided by nature for people?

Benefit-Cost Analysis

* FEMA uses a tool called the Benefit-Cost Analysis tool for hazard mitigation project
activities.

« One of the things that the tool is designed to do is to have specific modules to assess
the risk reduction benefits and cost-effectiveness for specific activity types and for
mitigation projects in general.

« For example, part of the tool accounts for flood risk reduction measures as well as
additional benefits for other types of activities that mitigate for other hazards, such as
wind and fire.

« For drought benefits specifically, FEMA is creating additional resources, such as
technical guidance for communities about climate resilient mitigation activities.



Ecosystem Services

» Beneficial goods and services provided by nature for
people

= As of June 2013, ecosystem services (aka environmental
benefits) can be included in acquisition/open space

e

projects

= Current activities:

s llndatinAa DOA TAanl uahiine
T oUpudulny DA 11UVl vaiutco

« Adding values for more types of ecosystem services

* FEMA developing options and methods for including
these benefits in cost effectiveness evaluation for Climate
Resilient Mitigation Activities

¥ FEMA 57

« Ecosystem services are beneficial goods and services provided by nature for people
(e.g. provide food, water, wildlife habitat, regulate natural processes and climate).

« FEMA allowed ecosystem services (a.k.a., environmental benefits) to be included in
acquisition/open space projects in June 2013 HMA policy: Consideration of
Environmental Benefits in the Evaluation of Acquisition Projects under the Hazard
Mitigation Assistance Programs .

Currently, FEMA is in the process of updating the values in the Benefit Cost Analysis tool.
e The goal is to add values for more types of ecosystem services, especially for benefits
for flood, drought, and wildfire mitigation. Some examples include:
« Water supply, water quality
» Forest health and restoration post-wildfire
» Benefits provided by wetlands, marine and estuaries



Ecosystem Services

Updated Ecosystem Service Matrix (USD 2014 per acre per year)

Ecosystem Service Green Open  Riparian Forest Wetland Marine &
Space Estuary
Aesthetic Value $1,707 $612 $3,640
Air Quality $215 $226
Biological Control $173
Climate Regulation $61 381 $153 $136 $63
Erosion Control $68 $12.042
Flood Hazard Reduction $4,215 $321
Food Provisioning $641
Habitat $878 $1,214
Nutrient Cycling $536 $522
Pollination $305
Recreation/Tourism $5,644 $15,967
Stormwater Retention $308
Water Filtration $4,473 $1,406
Water Supply $237 $80 $292
Total Annual Value $8.308 39,545 $554 $6.010 $1.799
. Updated ecosystem services to 2014 values are in gray boxes
3_ FEMA The values in bold text reflect the newly added values or values updated with a new derivation

This table shows the specific ecosystem service (e.g., air quality, pollination,
recreation/tourism) being provided for each land use category (i.e., green open space,
riparian, forest, wetland, marine and estuary).

Note that when designing and proposing a project, ecosystems services can only be
included once a project reaches a .75 benefit-cost ratio. The goal was to emphasize the
risk reduction aspects of a project before the ecosystem services benefits.

The ecosystem service benefits dollar values can easily be in the thousands and tens of
thousands of dollars for a project.

As an example, the Riparian column shows approximately $39,000 value per year, per
acre.

It is important to note that the Office of Management and Budget (OMB) requires FEMA
to discount any benefits when performing a benefit-cost analysis. In this table, the “Total
Annual Value” data are the undiscounted benefits of a riparian area.
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Wrap-Up

Questions?
= Visitthe CRMA webpage on FEMA.gov

- https://www.fema.gov/climate-resilient-mitigation-activities-hazard-mitigation-
assistance

= Contact HMA
+ FEMA-HMA-Grants-Policy@fema.dhs.qov

= Reach out to your FEMA Regional Office
« hilps.//www.fema.gov/aboui-agency
= Review CRMA Fact Sheets
- http://www.fema.gov/media-library/assets/documents/110202

¥ FEMA -

[no notes]
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