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About the Environmental Finance Center Network (EFCN)
The Environmental Finance Center Network (EFCN) is a university-
based organization creating innovative solutions to the difficult
how-to-pay issues of environmental protection and improvement.
The EFCN works with the public and private sectors to promote

sustainable environmental solutions while bolstering efforts to
manage costs.

The Smart Management for Small Water Systems Program
This program is offered free of charge to all who are interested. The
Program Team will conduct activities in every state, territory, and
the Navajo Nation. All small drinking water systems are eligible to
receive free training and technical assistance.

What We Offer
Individualized technical assistance, workshops, small group
support, webinars, eLearning, online tools & resources, blogs
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The Small Systems Program Team

Environmental Finance Center at The University of North Carolina at Chapel Hill
Environmental Finance Center at Wichita State University

EFC West

New England Environmental Finance Center at the University of Southern Maine
Southwest Environmental Finance Center at the University of New Mexico
Syracuse University Environmental Finance Center

Environmental Finance Center at the University of Maryland
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Small Systems Blog

Learn more about water finance and management through our Small Systems
Blog! Blog posts feature lessons learned from our training and technical

assistance, descriptions of available tools, and small systems “success stories.”
efcnetwork.org/small_systems_blog/
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Blog

g Magdalena New Mexico: A Success Story from the Smart Management for Small Water Systems Project

Written by: Allisen Perch Allisen Perch is a Program Coordinator with the Enwiranmental Finance Center at the University of Nerth Carolina. What can a small town do when the
financial health of its waber system is at risk? This is the question that Stephanie Finch, the town clerk and treasurer for the .

The Virtuous Cycle: Internal Energy Revolving Funds for Small Water Systerns

Written by: David Tucker David Tucker is a Project Director with the Enwironenental Finance Center at the University of North Carelina. How can srall {and larpe] water systerns
pay for energy efficiency and renewable energy, helping cut utility costs? As energy is often the largest variable expense in a water syshern's operating _

Smart Management for Small Water Systerns Program Newsletter | Fall 2015

View Full lssue The Environrental Finance Center Network has published the third issue in a series of gquarterly newsletters. The Fall 2815 Program Newsletter announces




[ Home - Environmental Fir X ] lncsulil=l

Sign Me Up

“« C [ efcnetwork.org

L]
mﬂ
EF@N Innovative Finance Solutions for Environmental Services

s ah LR P

HOME ABOUT ¥  WORKSHOPS & WEBINARS ¥  ASSISTANCE ¥  RESOURCES ¥ BLOG ¥ ARCHIVES ¥ Q

Resource Library

= v - E-Learning Modules

Get Free Help

Small water systems can request free t
from our experts on finance and management challenges.

Navigating to Funding Tables

Step 1. efcnetwork.org
Step 2: Select “Funding Sources by State” under the Resources Tab
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Funding Sources by State
Note: Some states may have additional resources listed below the map.

Click on the map below to view funding sources for each state:

Click on an
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http://efcnetwork.org/documents/2014/02/or-funding-sources.pdf
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Agenda

 Defining Resilience

e Trends In risks and threats for water systems
» Establishing a framework for planning ahead
* Implementing resilience strategies

e Resources and tools available to assist water
system decision-makers
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What Is resiliency?

A resilient community
IS one in which
residents and
Institutions have the
capacity to prepare
for, respond to, and
recover from events
and trends with
minimal outside
|stance.
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Resiliency Considerations

Community resiliency can include:
e Municipal financial health

e Community financial health
e Is your portfolio diversified? Consider:
e community demographics
e Commerce
» relation to neighboring communities
Environment:
e water supply,
e Impacts from storms,
e drought,
e social, cultural, and economic changes

Adaptation to {ctmate} Change
Social, cultural, and economic changes



Sometimes we don’'t know we’re
not resilient
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How, If and where do we rebuild?
& X
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Proactive Resiliency Planning
vS. Reactive Disaster Response
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Impacts to Critical Infrastructure

LOSS OF WATER SERVICES LOSS OF WASTEWATER SERVICES

De?naue
After o 3‘&66&

‘t& s fog, %
T
c"mﬂr:{;":fﬂrbﬂ

"%-ﬁ.

%P ap0®°°

WASTEWATER

)

]
"% 9 1oyy wee

75% 23%

% srsurveysd malilas dependent Upon water % of surveyed facilities dependent upon wastewater
Note: This data represents a majority (50 percent or greater) dependence on water. Note: This data represents a majority (60 percent or greater) dependence on wastewater services.
FIGURE 3.—Critical Infrastructure Dependent on Water and Potential Functional Degradation Following : FIGURE 4.—Critical Infrastructure Dependent on Wastewater and Potential Functional Degradation
Loss of Water Services (Courtesy of DHS and Argonne National Laboratory). Following a Loss of Wastewater Services (Courtesy of DHS and Argonne National Laboratory).

https://www.massport.com/media/266269/Report_Sector-Resilience-Report-Water-and-Wastewater.pdf



Multi-layered Systems Mindset
; .
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Governance system

Ecological system

The multi-layered systems mindset in DNV GL's Systems & Urban Resilience Framework (SURF) model.
The model views urban areas as systems with a unique profiles of mutually interconnected ecological,
structural, socioeconomic, and governance systems,



Water Supply Stress Index
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By what measure...?

University of California Berkeley

i Resilience Capacity Index (Rcy) J

Re ~ Socio- oty
Eoo gfo”az‘ “1 Demographic [~ Qoﬁ‘;n Wiy
Can 2Mic Capacity QO“ oy
ap&m 1 - Qa‘ija
Income Equality Educational Attainment Civic Infrastructure
Economic Diversification Without Disability Metropolitan Stability
Regional Affordability Out of Poverty Homeownership

Business Environment Health-Insured Voter Participation
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How can you become resilient?
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The Hard Sell

Fewer options
Higher costs

Multiple options
Lower costs

—

Fewest options {_‘;
Highest costs <
Including damage and recovery
costs
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Planning for Resiliency

\/Comprehensive Plans v’ Land-Use Planning
v Zoning
v’ Asset Management Planning
v Capital RISK ASSESSMENT MATRIX
SEVERITY | ratastrophic Critical Marginal Negligible
IPROBAEI (1) (2) (3) (4)
Fre;';"e"t Medium
ng:h'e Medium
n‘ﬂtéi'“““' Medium
HEI'E?E Medium Medium
'“"”I“é’j“h‘e Medium Medium Medium
Eliminated
(F}
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Steps toward Resiliency

|dentify the Determine Investigate Evaluate Risks

Problem Vulnerabilities Options & Costs Take Action
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4 RS Of Community Connectedness
Resiliency

Redundancy

Robust oo e Resilience \inerabilty
Resources

Rapid Response

Planning and Procedures
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Community Experience Snapshots
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40 tidal flooding events
per year, when there
used to be very few
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2011: Lourdes Hospital, Binghamton
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What building resiliency looks like:
Binghamton-Johnson City Joint
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Climate Resilience Evalution and
Awareness Tool (CREAT)

e Risk assessment tool

e Helps utilities In
adapting to extreme
weather events T
through a better e — -
understanding of e
current and future R
climate conditions.

https://www.epa.gov/crwu/build-resilience-your-utility https://youtu.be/fa0oK jE8Zw



https://youtu.be/fa0oK_jE8Zw
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BJCJSTP’s existing measures to protect
the plant from high flow events:

o Sand bags as temporary flood barriers

o System performance models

 Weather forecast monitoring

 Emergency Response Plan for flooding events



Potential Adaptive Measures for Binghamton-Johnson City Joint Sewage Treatment Plant

ADAPTIVE
MEASURE

Back-up generators

Alternate wastewater
capabilities

Hydrologic barrier

Flood wall

Submersible pumps

Raise electrical
equipment

Raise VFDs
Flood risk
management plan

Water tight doors

Permeable pavement

Flood models

Quick disassembly
pumps

DESCRIPTION

Three (3) back-up generators and diesel storage tanks to provide power for the entire plant and related
processes during future power outages.

Develop redundant treatment processes. Development or replacement could include entire facility or
just critical portions to support operations when damage or loss occurs.

Develop hydrologic barriers to counter flooding. Manipulating natural landscapes to absorb or redirect
flooding is often more aesthetic than building structures. Construction and design must consider
projected flood magnitudes and local hydrography.

Construct a flood wall for protection against high flow events. Construction and design is 1.5 feet of
freeboard above the 2011 storm event level.

Install submersible pumps that will not be significantly impacted by flood waters entering the plant.

Raise electrical equipment above the 2011 flood level.

Raise the Variable Frequency Drives (VFDs) at least one foot above the 2011 flood level.

Develop phased, adaptive risk management plan for urban flood risks and treatment requirements that
will prioritize the ability to limit or prevent damage to the facility during floods. Integrating observations,
process models and decision frameworks provides a powerful suite of tools to anticipate potential flood
scenarios and deal with flood damage.

Install water tight doors at critical infiltration points to mitigate impacts of flood waters on plant and
equipment.

Install permeable pavement at the facility to allow for infiltration of stormwater through the pavement
surface reducing runoff (and localized flooding). Could be constructed from porous asphalt, porous
concrete, and interlocking pavers.

Build integrated flood models for catchments and urban drainage. Beyond many current hydrologic and
flood models, these new models should ensure that changing climate conditions can be accommodated
in models and that these models include topographic information (GIS) and risk assessment
components.

Retrofit existing pumps to make it easier to disassemble them and remove them in advance of a
flooding event. Costs include the retrofitting and the cost to remove them for one event.

ESTIMATED COST

$50,000 - $150,000

$3,000,000 - $10,000,000

$750,000 - $1,250,000

$1,750,000 - $4,000,000

$1,500,000 - $3,000,000

$50,000 - $100,000

$50,000 - $100,000
$7,500 - $10,000

$200,000 - $500,000

$100,000 - $350,000

$35,000 - $75,000

$50,000 - $100,000
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Aging Infrastructure

Infiltration and Inflow (I/1)
ISsues

Changing Regulations

Population Growth/
Development

Structural Concerns — Site
flooding
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Consider these components In
vulnerability assessment

e Distribution systems including pipes and
constructed conveyances

* Physical barriers

« Water collection, pretreatment, and treatment
facilities

* Use, storage, and handling of various
chemicals

e Storage and distribution facilities

 Electronic, computer or other automated or
cyber systems
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Frameworks and
resources for
planning ahead



U.S. Small Water Utility Builds Flood
Resilience — US Climate Resilience Toolkit



https://toolkit.climate.gov/case-studies/small-water-utility-builds-flood-resilience
https://toolkit.climate.gov/case-studies/small-water-utility-builds-flood-resilience
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Safe and SuRe Approach
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Threat Categorization

Chronic

e Insufficient rehabilitation

* Resource
depletion/degradation

e Loss of collective skills and
knowledge

* |ncremental innovation

Lack of investment

e Climate change

e Urban creep

e Population growth

e Demographic change
e Stringent regulation
e Increasing affluence

External

Internal

Extreme weather
e Natural Disaster
* Power outage

e Sabotage

* Riot/war

e Political pressures

Insufficient maintenance
Accident

e Human error

e Strike action

e Poor management

(Butler, D., Ward, S. et. al., March 2016)
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System Impacts

Functional

* |ncreased demand
 Changing wastewater
composition/characteristics

e Pressure increase (e.g. due
to water hammer)

e Sludge bulking in
wastewater treatment

plant

Contamination

External

Internal

Power system failure
e QOther critical infrastructure

failure

Pipe failure
* Pump failure
e Billing System failure

Structural

(Butler, D., Ward, S. et. al., March 2016)



NN |

Service Impacts

Chronic

e Recurrent surface water
flooding from sewers

e Wastewater treatment
permit non-compliance

Non-point source pollution

e Recurrent low supply
pressure

* Frequent drain blockage or

slow running

Internal External

 Water use restrictions

* Property flooding from
sewers

* Point source pollution

Water supply interruption
* Contaminated water supply
* Discolored water supply

Acute

(Butler, D., Ward, S. et. al., March 2016)
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Consequences

Tangible

* Property damage

e Infrastructure damage

e Loss of agricultural produce
e Injury and loss of life

Direct :
Loss of ecosystem services

* Disease
e Loss of amenities
e Damage to cultural heritage

Response and recovery
costs

Traffic disruption

Loss of industrial
production

Loss of earnings

Indirect

Inconvenience
Psychological damage
Disease

Societal disruption
Increased inequity (e.g.
relative poverty levels)
Reduced biodiversity

Intangible

(Butler, D., Ward, S. et. al., March 2016)
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Interventions to Consider
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Example of Mitigation
Quadrant _______|Thest ______ [Adion

Internal-chronic Insufficient rehabilitation  Accelerate asset
replacement strategy

Internal- acute Accidents Develop safety culture
External-chronic Urban creep Enforce planning controls
External- acute Extreme weather Reduce greenhouse gas

emissions of operations

(Butler, D., Ward, S. et. al., March 2016)
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Example of Adaptation
Quadrant _______|Thest ______ [Adion

Internal-functional Sludge bulking Operational modifications
Internal- structural Pump failure Provision backup pumps
External-functional Increased demand Promotion of water

saving technologies and
use of reclaimed water

External- structural Changing regulations Provision of additional
treatment/new
technologies, for example
nutrient recovery

(Butler, D., Ward, S. et. al., March 2016)
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Example of Coping
Quadrant [Thest  JAdion

Direct- tangible Property damage Temporarily relocate

Direct- intangible Spread of disease Boil water

Indirect- tangible Response and recovery Purchase building
insurance

Indirect- intangible Reduced biodiversity Re-introduce species

(Butler, D., Ward, S. et. al., March 2016)
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ldeas for
Implementing
Resilience Strategies
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Flooding Impacts

Regional
Interconnections

Alternative power
supplies

Monitor and inspect
Infrastructure

Elevate or flood-proof
assets

e Join a mutual aid network
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Changes In Seasonal Runoff

e Monitor

 Incorporate predictions of
snowpack and runoff
changes into models

« Update drought
contingency plans

 Diversify water supplies

 Increase storage
capacity

« Establish regional
Interconnections
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Increased Runoff

Green Infrastructure
Distributed systems

Invest In watershed
management

Model potential
stormwater impacts to
your service area

* Monitor runoff, vegetation
and land use changes




Stressed Sewer Systems

 Green Infrastructure

« Acquire and manage
existing
ecosystems

* Reduce Iinfiltration and
Inflow by managing
assets

* Increase capacity or
capabilities of wastewater
treatment system and
facilities

 Model potential
stormwater impacts to
your service area
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Community and Economic Impacts

e Collaborate Discuss
adaptation options with
local businesses

« Communicate adaptation
activities and plans to
customers

e Become marketers

e Raise rates in an
affordable and
responsible way




o
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Other
Resources for
Planning
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Adaptation Strategies Guide for
Water Utilities

United States
w Em E nvlm nme ntal Protection

CLIMATE READY

WATER UTILITIES

S ron nuopwm sctions that would provide benefits bo the utility under current chmate conditions as well
a5 arry fubare Chan i el te. For mare information on No Regrets options, see Page 11 in the Introduction.
Cickon the (). ) or il icon 1o review the rekevant Sustainability Beiet

Reduced groundwater recharge é SEPA
- o
=
=) . -
2 Lower lake & reservoir levels é HIGH FLOW EVENTS AND FLOODING (D)
e
(=] Intense precipitation events may aceur mare frequently, concentrating the annual tatal rainfall into eplsedes that may
H challenge current infrastructure for water management and flood control. When these protections fall, Inundation may
Changes in seasonal runoff & loss of snowpack | éé dirupt semvice and damage nfastucture such s treatment plants take acites and wter corveyance and disrbution
systems. Episodic peak flows into reservairs quI strain the capacity of these systems. Furthermore, inflow will be of lesser
quality due to nd o d fi leading to ! and degraded conditions.
=88 Low flow conditions & altered water quality éé inreservoirs.
g E CLIMATE INFORMATION
oT i i i i » Since 1991, the amount of rain falling in very heavy precipitation events has been above average across most of the
a E Saltwater IntrUSIon Into aql‘"fers ‘ United States (USGCRP 2014). This observed trend has been greatest in the Northeast, Midwest and Great Plains -
1r-°' 8‘ projections for these reglons indicate that 30% maore precipitation will fall in very heavy rain events relative to the
a o 1901-1960 average (Karl et al. 2009).
Al Altered surface water quality é | &  Hesey downpour e ncresing nafonly with specly e ncresss i the Midwest nd Nohest Kkl .
2012, USGCRP 2014). Precipitation intensity [e.g. precipitation per rainy day) is projected to continue to increase by mid-
. . century for most of the U5 This change is expected even for reglons that are projected to experlence decreases in mean
% ngh ﬂow events & ﬂoodlng “ “ annual prccipitalion such as the Southwest (Kunkel et al. 2012, Wehner 2013, USGCRP 2014).
(=] - The tensity af it be expected to lead to mare flooding and high flaw events in rivers.
= “ “ For example, hy\hrerd of the century, New York City is projected to experience almast twice as many days of extreme
bl .
precipitation that cause fleod damage (Ntelekos et al, 20100, For the LS, overall, a recent assessment of flood risks found
FI OOdI n g from coasta I storm su rges that the odds of experiencing a 100-year flood are expected to double by 2030 (USGCRP 2014),
E » The Intensity, frequency and duration of North Atlantic hurrcanes has Increased In recent decades, and the Intensity of
these sto iz likedy te iry I thi: t USGCRP 2014).
iR M | oss of coastal landforms / wetlands éé | dé e :
gl\ = Click 1o left u\ name to check off options for consideration: 5 ($-55%) indicate relative costs
hn © Click iy op he
83
id

Increased fire risk & altered vegetation é é

" | Volume & temperature challenges éé gt o et ol o rd el s
5 el.’.‘- dop madel quality changes (e.g., Increased turbidity) and 4
- . «costs of resultant :Iungnmtrn\m-nl.
g g Changes In angCUIturaI Water demand ‘ eExpandcurl\enlusnuru«bydmlaplngreglnnalwalercannecllansmallnw[nrwn«tradlngln 45484
imes of wervice disruption or shortage.
1 5 f 9:4 for alternat plies to rt operatio of loss of 5
i -1 Changes in energy sector needs é o U
g aqalraﬁmnclal' iated l'" kr\-’ ..... ' ter Pt $
Changes in energy needs of utilities éé | 46 O e e e :
engagement and communie
L _QEﬂablish rutual aid with nek ing utilities. $
ADAPTATION STRATEGIES GUIDE FOR WATER UTILITIES Contirued on page 2

https://www.epa.gov/sites/production/files/2015-04/documents/updated_adaptation_strategies_guide_for_water_utilities.pdf
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Asset Management Resources

Reference Guide for

3UEWESL.AM Taking Stock of Your Water System Asset Management Tools
Roeney P A Simple Asset Inventory for Very Small

Drinking Water Systems

Asset Management Plan Components
and Implementation Tools for

Small and Medium Sized Drinking
Water and Wastewater Systems

May 2014

https://www.epa.gov/sites/production/files/2015-04/documents/epa816k03002.pdf https://www.epa.gov/sites/production/files/2016-04/documents/am_tools_guide_may_2014.pdf
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Information Sharing to Support

Resilience
Water/Wastewater Agency \é\r/]ageptrlgfosrifgaélgnntesrharlng

Response Network (WARN) (WaterISAC)

WARN

WATER /WASTEWATER AGENCY RESPONSE NETWORK

& Water and Wastewater Agency Response Netwoerk s a network of utilities helping other utllities to
respond to and recover from emergencies. The purpose of a WARN is to provide a method whereby
water/wastewater utilities that have sustained or anticipate damages from natural or human-caused
incidents can provide and receive emergency aid and assistance in the form of personnel, equipment
materials and other associated services as necessary from other water/wastewater utilities

Click a pin to view contact information for the local WARN representative, with a link to more information
about that state and region. You can also view current Situation Reports.

= \Y Canada Fidsars Boy

Connect, Prepare and Protect
1y

G’J_I%!ll
icaesgus
i

https://www.awwa.org/resources-tools/water-knowledge/emergency-preparedness/water-wastewater-agency-response-network.aspx https://www.waterisac.org/
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webinar!
www.efcnetwork.org
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315-443-8818 -
G Eironmens EFCN
AN fmance o A ;


mailto:kadodson@syr.edu

	Resiliency Planning for Small Water Systems: How to Weather the Storm
	Slide Number 2
	Slide Number 3
	About the Environmental Finance Center Network (EFCN)�The Environmental Finance Center Network (EFCN) is a university-based organization creating innovative solutions to the difficult how-to-pay issues of environmental protection and improvement. The EFCN works with the public and private sectors to promote sustainable environmental solutions while bolstering efforts to manage costs.��The Smart Management for Small Water Systems Program �This program is offered free of charge to all who are interested. The Program Team will conduct activities in every state, territory, and the Navajo Nation. All small drinking water systems are eligible to receive free training and technical assistance. ��What We Offer�Individualized technical assistance, workshops, small group support, webinars, eLearning, online tools & resources, blogs���
	Slide Number 5
	Slide Number 6
	Small Systems Blog�
	Slide Number 8
	Slide Number 9
	Agenda
	What is resiliency?
	Resiliency Considerations
	Sometimes we don’t know we’re not resilient
	How, if and where do we rebuild?
	Proactive Resiliency Planning vs. Reactive Disaster Response
	Waiting is Costly
	Impacts to Critical Infrastructure
	Multi-layered Systems Mindset
	Slide Number 19
	Who is Resilient?
	By what measure…?
	How can you become resilient?
	The Hard Sell
	Planning for Resiliency
	Slide Number 25
	4 Rs of Resiliency
	Community Experience Snapshots
	Annapolis, MD
	Slide Number 29
	Slide Number 30
	What building resiliency looks like: Binghamton-Johnson City Joint STP Case Study
	Slide Number 32
	Slide Number 33
	Climate Resilience Evaluation and Awareness Tool (CREAT)
	BJCJSTP’s existing measures to protect the plant from high flow events:�
	Slide Number 36
	Significant Risks to Consider
	Consider these components in vulnerability assessment
	Frameworks and resources for planning ahead
	U.S. Small Water Utility Builds Flood Resilience – US Climate Resilience Toolkit
	Safe and SuRe Approach
	Threat Categorization
	System Impacts
	Service Impacts
	Consequences
	Interventions to Consider
	Example of Mitigation
	Example of Adaptation
	Example of Coping
	Ideas for Implementing Resilience Strategies
	Flooding Impacts
	Changes in Seasonal Runoff
	Increased Runoff
	Stressed Sewer Systems
	Community and Economic Impacts
	Other�Resources for Planning
	Adaptation Strategies Guide for Water Utilities
	Asset Management Resources
	Information Sharing to Support Resilience 
	Thank you for participating in today’s webinar! 

