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A EXECUTIVE SUMMARY

Althoughwater is plentiful on the planet, less than Ifofreshwateris readilyavailable forhumanuse.

The total available amount in a given location fluctuates based on annual precipitation and other
hydrologic processes. As climate charigereasessea levelrise andthe regional unpredictability of
precipitation, theability of systems that transport, store artdeat freshwater in the U.S. will beritically
affected This is evidenced by the current national drought situati@hich led to increased crop pds

and destructive wildfires, as well as the failure of water infrastructiwréhe Northeast to manage
stormwater runoff during Tropical Storm Irene in 2011.

adzOK 2F GKS ! o{® g (SN aeai S vnghe end d itizhldnietifdsyan, G K S
demonstratedby water main breaks across the country. Since that time, population increases have led
to increased demand for water. Postponed maintenance has led to budget shortfafteated at $11
billion each yeat.Investment in water infrstructure is clearly needed, batirrentstopgap measurego

not address thdull present and futureneeds ofwater managers. The Water Infrastructure Resiliency
and Sustainability Adf 2011 (H.R. 273%roposedto fund a suite of innovative solutions that would be
administered through an Environmental Protection Agency (EPA) grant program. The goals of the
program areto increase water quantity, water quality, disaster risk reduction, and ecosystem
protection. The prognan offers a broad approach that allows owners or operators of water systems to
apply for a grant that would addreske impactschanging hydrologic conditionsill have on water
infrastructurein any region of the United States. Grant funds are intendeehtmourage innovative pilot
programs that incorporate cuttingdge technology and research éntwater infrastructure system
design and operations

Examples of projects that could be funded under this progreange from the use of green
infrastructure in urbameighborhoodsto advancedwater metering @ agriculturalland. The solutions
presented in the bill represent the geographic diversity of water challefay@sg the countryClimate
change models predic changingprobability of extremeweather eventsand a shifting mean in climate
conditions Therefore, common to all solutions presented in the bill, are the principles of increasing
resiliency and decreasingiinerability of water systems.

With clear goals in mindhe program lends itself to rigorous measurement and evaluation. Metrics such
as total gallons of water savededuction in electricity useand decreased contaminant leveisould
measure the effectiveness of grant projects and determine which soludaomshe most promising for
replication. Case studies havalreadyshown successful examples of innovative and sustainable water
management H.R. 2738would assist inpropagatingthese strategies and technologies across the
country and finding the right migf solutions that allow for the efficient and effective functioning of
future water systems.

Water Infrastructure Resiliency and Sustainability Act of 2011



i\) 1. HR. 2738 INTRODUCTION

The Water Infrastructure Resiliency and Sustainability Act of 2011 (U.S. House ResoluticeelkS8)

address vulnerabilities of current water systems from changing hydrologic conditions caused by
changing climate and human impacts. The policy propasgant program with the goalf fundingpilot

projects that increase the resiliency aadaptability of U.S watesystems to hydrologic changes. The bill

would authorizefunds in the amount of $50 milliofor each of five fiscal yeat®etween2012 and2016

G2 0S RAAGNAOMziSR GKNRdAAK | LINRPINIY Syidradt SR WeK
Programd ThisEPA program would be a competitive process in which owners or operators of water
systems apply for partial funding to create or enhance some aspect of their operdiwhighest

priority would be granted to water systems at most immediate risk ahidhest vulnerability to

hydrologic changes.

H.R. 2738s grounded in the concept of sustainability with a focaslengterm preparedness. The list
of eligible project types idroad in scopeand allows for innovationselated to water use and
managementacross many areas of the public and private sectdhge following schematic depicts the
combined impacts of global climate change and local humadlificationsto the hydrologic cycle.
Changing hydrologic conditions affect the ability of water systenprdéwide the desired quantity and
quality of water, thenecessaryprotection against the effects of severe weather events, and the
necessarynaintenance of ecosystems.

Climate Change 9 W Human Impacts

Hydrologic
Conditions

Water
Infrastructure

Water Quantity
Water Quality
Disaster Management
Ecosystem Protection

Figurel. Main Components of the Environmental Problem fekR. 2738
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A 2. HR. 2738 LEGISLATIVE BACKGROUND

P

2.1 Legislative Background

H.R. 2738 was introduced during the 112th Congyr@9112012 on August 1, 2011 ®Representative
Lois Capps HZTA23] in the House of Representatives. It was immediately referred to several
committees: House Committee on Energy and Commerce, House Committee on Natural Resources, and

House Committee on Transportation and Infrastructufbe billis supported by22 Democratsin the
House and Senate, mainly from coastal states (Figure 2)

Congressional Co-Sponsors of H.R 2738

bue

Figure2. Gngressional o-sponsors of H.R. 2738 peesented by blue dots

2 KAE S (KS S Nis never explicl $téted ikkHe yem $fQhe bill, much of the science

behind increasing resiliency aratlaptability is tied to the effects of climate changeée bill uses the

GSNY Ww2y32Ay3 YR LINRP2SOUGSR KeRNRf23IAO O2soRAGAZ2Y A
climate adaptation as it relates to water resources.

Water Infrastructure Resiliency and Sustainability Act of 2011 5



2.2 The Current State of Climate Science

While the science of water extraction in local systems is well understood, the projected changes caused

by global warmingare less certain, especially in local are&#hough climate change has been proven by
observed data and is accepted by thaentificcommunity, the exact rates of change and consequences

are dependent on futre human impacts and policiesFigure 3 show the United Nations
IntergovernmentalPanel on Climate Change (IPGKJerved global surface temperatures from 1900 to

2000, alongside foudifferent future projectionsbased on economic growthPCC also state§, 4 I NY A y 3

of the climate system is unequigal, as is how evident from observations of increases in global average

air and ocean temperatures, widespread melting of snow andice andBsing o  f | gS NI 3S &St

wvariability betwaan modsls—

high growth (AZ2)
moderate growth (A1B)

SMmisson
SCEMONos

Pl

low growth (B1)

Global Surface Warming { ")

constant CO,

1500 2000 27100
Year

Figure3. Observed global surface temperature (2@entury) and future scenario projections (A2, A1B, B1, constant
composition commitment) from 1900 to 210Gource: IPCC, 2007.

Tablel. Estimates of confidence by IPCC: *very likely =9906 chance, likely = 680% chanceSoure: IPCC SREX 2011

Change in Phenomenon Confidence in projected change*

Higher maximum temperatures (more hot days) Very likely
Higher minimum temperatures (fewer cold days) R'GsALE)N
Likely, over many areas

Anthropogenic influence on increasing extreme Likely
coastal high water

L& F Fdzy OQlAz2zy 27F 1 KhSreis alsha ftafeétehérdadedinextréme ClimaterelventS

such as flooding, droughts, and severe temperatures. Although it is difficult to saglthetl warming

directly causes angiven extreme evert 0 KSNB KI & -808:Xanck) inttdadelinSifodgts o ¢ ¢
and heavy precipitation events (e.g."9percentile) since the 19, which is consistent with a warming
climate(Figure 3).

Water Infrastructure Resiliency and Sustainability Act of 2011



3. THEHYDROLOGICCYCQLE

Water on earth is stored ithree main reservoirswhichcollectively make uphe hydrologic cycleThe

largest reservoir is # ocean, comprising 97% of thé &Ji KQ& & dzZNF I OS dich¢hsd | (Y2 a
capacity of 0.001%sthe smallest reservoir, but ®ill largely influential on the hydrologic cycle due to

its interactions with the ocean. The last reservoitaisd, which holds 2.5% of thd eNIi KQa & G4 SNJ A
form of ice caps, vegetation, soil moisture, and surface waters such as rivers, lakestaendinoff.

The main transport processes diet hydrologic cycle includevaporation and transpiration afiater into

the atmospherecondensation and precipitation which returns watvapor into a liquid, anihfiltration

and runoff, which flows wateiinto either the groundwater or oceameservoir (Figure 4). These
processes occur at varying ratex fluxes. The interactions between the ocean and atmosphere, via
evapotranspiration and precipitation, are the largest annual fluxes.

NN ~s )
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Figure4. Summary of the hydrologic cycl&ourcewww.physicalgeography.net/fundamentals/8b.html.

Percolation

Although water iplentiful, onlyos™> 2 F 9 | NI K Qa sidce theSdhdaining 9ReNShinythelfoint S
of highly saline oceans. Additially, most freshwater sources are not readily accessible, as 99% is
sequestered irpolar ice caps and groundwatélhe latter is often accessed from underground aquifers
and wells, a fairly inexpensive water extraction methGdnsequently, less than opercent ¢0.007%)

of water is easily available and economically feasibl human consumptionTheseresources, mainly
freshwater bodies €.g. lakes, rivers,and streams) and shallow groundwateare replenished and
sustained through annual precipitatiqratterns® Theefore, the hydrologic cycle is not fixed process

and is strongly influenced lglimate patternsand anthropogenic withdrawal

Water Infrastructure Resiliency and Sustainability Act of 2011 7



4. HUMAN IMPACTS

4.1 Overwithdrawal

Global waterconsumption has grown exponentially with human population, especially since the
industrial age.To put into perspectivethe longterm averageof continent runoff totals 45,000 cubic
kilometers per year,while human withdrawals are approximately5,000 cubic kilometes/year.*
Although overwithdrawal consumesroughly oneninth of global availability it is significant because
water is spatially and temporally limited. Global water availability has decreased from 1dbie0
meterslyear per capitain 1950to 6,700 cubic metersin 1998.If existing trends continugjearly capita
supplies will decline to 5000 cubic meténg 2025

4241 I NRé Ly ehsand NaxDCoolizhlS

Urbanizedd KI NR ¢ Ay F NI aihpehious dedes &and GfudziRe8ish assidewaks and
paved roadsThese types of infrastructuhannel about 50% of rainwater into surface runoff, whereas
natural groundproduces onlyl0%. Storm sewerare an example of hard infrastructure designed to
redirect large quantities of water into stiant water bodiesDuring storms,mpervious surfaces increase
water volume, velocity and flow duratiorwhich intensifies erosion andediment transport. In an
attempt to manage flow ratescities often build drainage channels lined with concrete to ved
floodingand erosiorf However, this can exacerbate cas#dlash flooding.

Dams are constructed for crop irrigation,
hydroelectric power generation or municipal
drinking water(Figure 5) However,building dams
can lead to a increasedloss of available water
through evaporation from reservoirs. Atrtificially
impounding river flow alters the overall water
budget of drainage basins, alteririgning of river
discharge and continental runofiwhile dams may
decrease the frequency and average size of flood
peaks during floo@vents, in the longerm theycan
also increaseunpredictability and magnitude of
large flood event§Another destructive effect of
dams ison the downstream ecologfe.g. migratory

Figure5. Grand Coulee Dam in Washington Stagauce:  fish species, nutrient transportoxygen levels, and
Water Encyclopedia, 2012. water temperaturg of the rivers and streams

Seawalls, levees, dikes, and bulkheadsrigid barriers builto control floods ad stabilizewater flows.
However, thesestructurescan fail thereby increasindhe frequency and magnitude of floogvents
outside of and sometimes within the areas they are designed to protetties are designed to reduce
coastal erosion, but sandan gettrapped between jetties, causing further sand loss from Hees
leavingcoastlines even more vulnerable.

Water Infrastructure Resiliency and Sustainability Act of 2011



4.3 Wetland and Floodplain Development

Undeveloped wetlands control water levels i
natural watersheds, improve water qualit
through natural filtration, and reduce flod

damages. Besides hydrologservices, protected
wetlands also provide wildlife habitat and suppo
recreational activities. The US Department

Agriculture (USDAgstimates58% of total wetland
loss and 96% of wetland loss in watezds ae

due to human developmentFigure 6 depicts

national wetland loss from 1780 to 1980he

major causesof wetland lossare filling, ditching,

diking, draining, and damming wetlands for th
purposes of industrial development, real estal
expansion, and aguiltural irrigation?

Floodplains aredjacent areas of channels, river:
streams, and wetlands that are often defined k
their probability of inundation Undeveloped
floodplains provide eosystem and hydrologic
benefitsincluding water quality enhanceme via

nutrient sinks for upland runoff, habitat provision
flood mitigation, and groundwater recharg® The

most common type of floodplain development an
flood risk management is through construction ¢
bunds, levees, dykes, weirs, and embankmen
Devebpment of floodplains increases both th
probability of coastal flooding and the scale «
anticipated flood damagé'

Percent wetland

1780's 1-5
5-12
W 12-25
W 25-50
- 50-55 a
l ;
1980°s

Figure6. Total wetland cover irthe 1780 @nd 198®@. &
Source: USFS, 2001.

Water Infrastructure Resiliency and Sustaina
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A 5. CLIMATE CHANGE IMPACTS

%

5.1 Precipitation Changes

/I tAYLFGS OKFy3aS A& NIYLAREE FfGSNAYy3I GKS SIFENIKQa Ki
GKS FTOY23aLKSNBE | NB NIAAaAYy3 tdnieBaturSs, WHCIK iQcieastagey dzl £ | ¢
vapor saturation in the atmosphere. This effect is likely to increase flooding in some regions, while
increased evaporation due to warmer temperatures is likely to increase droughts in other regions.

In the past 50 years in the United States, stgs have observed a wide variability pmecipitation

patterns (Figure )Y The West and Southwest regions ayeicallydry andperiodicallyexperience water
shortage. Due to climate change and human impacts, the severity of droughtsresisimg and is
projected to increase in intensityith time. However, in the Northeast and Midweshcreased
precipitation is affecting water infrastructure througincreasedsurface runoff andmore frequent

combined sewer overflow (CSO) events.

Percent Change NOAANCDC'™
NI ——
<-40-35 -30 -25 -20 15 <10 -5 O 5 10 15 20 25 30 35 >40
Figure7. Observed annual average precipitation changes in the United States between 1958 and 2008. Blue indicates areas
where precipitation has increased, and brown indicates areas where precipitation has decre&mdce: NOAA/NCDC, )

In older American cities that were built with combined sewer systems, heavy precipitation causes the
direct, untreated release of sewage into the river, lake, or ocean. Increased incidence of heavy rainfall
events will result irmore frequentoverflows ofcombined sewer systems and affect the quality of water
systens.

Water Infrastructure Resiliency and Sustainability Act of 2011 10



5.2 Probability and Distribution of Extreme Events

¢ KS
GKS TFTNBIljdzSyoex
infrastructure was predominantly designed on the wsgtion that the range of conditions and the
probabilities of extreme events in a given area werehb&nown and consistent. Figure [&low
illustrates how climate changmay shiftprobabilities of average conditions (peak of curve) and extreme

LYGSNE2BSNYYSy il f
AyiaSyarides

events, sub as droughts or floods (tails of curve).

Probability of Occurrence

Low
Probability
of extreme
event.

Events/Conditions

thysSt 2y
ALISOAL €

I tAYLFGS

Probability of Occurrencoe

Increased
probability
of extreme

Events/Conditions

I / KIy3s
8 tha Qugfeintavatét dzNJI

Figure8. Modified probability distributions showing the increased probability of extreme events over time.

IPCC projects that extremes at either end of the probability distribution will become more frequent and
more intense; however, it is unknowexactly howthese probabilities will shift and by how much. As
climate and the probability curve continue tdhhangeover time current water systemslesigned for a

more stable climate malge unable to respond, resulting in system degradation and failure.

Water Infrastructure Resiliency and Sustainability Act of 2011
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5.3 Global Sea Level Rise

In the U.Sover 50% of the population lives in coastal counties kmge cities on the coast.dimate
change is projected to result in widwide sea level rise. FiguresBows observed sea level charigghe

U.S. from 1958 to 2008. Thamtire east coast was especially affected, with an average sea level rise of
four to sixinchesover the past 50 years

o
o

Alaska l “ I d i
II . Hawall and
. i Pacific
I Islands

| : il

Relative sea level change (Inches):

799 -599 -3.99 -1.99 d
<-8 to-6 to-4 to-2 to0 ]
| 0.01 201 401 601 >8
to2 to4 to6 to8

Figure9. Sea level trends of coastal cities in the United States from 1:2888. Source: National Oceanic and Atmospheric
Administration, 2002

Rising sea levelsffact water infrastructire through salt water intrusion, higher water tables, and
decreased gravity drainage. Salt water intrusion in groundwater reservoirs renders water unsuitable for
human consumptionHigher water tables also result in decreased groundwater recharge arehgect
runoff during heavy rainfall events, leading to frequent and severe flooding eVbAtslecrease in
gravity drainage due to higher sea levels cawmecreased likelihood of backflow up rivers and drain
lines. Additionally, infrastructure overwheled by storm surgeventsreleases untreated sewage and
waste into nearby rivers and ocean.

Water Infrastructure Resiliency and Sustainability Act of 2011 12



f\., 6. EXISTINGWATER MANAGEMENT

6.1 Allocation

Americans use approximately 410 billion gallons of water per'tiige largest allocation ofater, or

49%, is utilized for thermoelectric power, followed by 31% that is used for irrigation, and 11% for public
supply.¢ 2 ISGKSNE (GKSaS GKNBS Ol GS32 Nwded suip WitiNdea S 2 9 S
remaining 10%distributed among aquaculture, ming, domestic, livestogkand industrial purposes

(Figure 10.

Public Supply
11%

Thermoelectric
49%

Aquaculture
2%

Domestic Minoing
1% 1%

Figurel0. U.S. water use allocation by industrgource: U.S. Geological Survey, 2005.

6.2 Infrastructure

Much of the U.S. water systenmcludingtreatment plants, pumping stations, water mains, reservoirs
and damswas constructed postVWIL While each of these structurémsa different useful lifespan, on
averagewater infragructure is expected to last up t80 years.Thirty percent of large water systems
have water pipes thatire 4680 years old, causing a natiorsalerage of 700 water main breager day.
The estimated cost for repairing the nation's water infrastructure over the @8xtears has increased
from about $19&illion in 1999 to the current estimate of $335 billiGh.

Water Infrastructure Resiliency and Sustainability Act of 2011 13



6.3 Funding

The majority ofexistingU.S water infrastructure fundingcomes from two EPA prograngsthe Clean
Water State Revolving Fun€\(V/SRFand the Drinking Water State Revolving FUBMWERY; first
implemented in 1987 and 1997, respectiveGWSRF allocates over $5 billion a year to finameer
guality protection projects for wastewater treatment, nonpoint source pollution control, antbkshed
management The mechanism is primarilgw interest loans, partnerships with other funding sources,
andborrowing assistancprograms. DWSRF funds vary each year, but in 2010 $1.3 billion was awarded
to states for infrastructure installations, upgrades, and replacements to ensure safe drivkiegand
reduce contamination. Preference is given to underrepresented or disadvantaged communities to
improve pollution prevention program€.

H.R. 273%roposes anew grant program that addresses unique infrastructatellengego respond to
hydrologicchangesand would not replaceor affect Clean Water and Drinking/ater State Revolving
Funds Figure 1lbelow shows that the CWSRF and DWSRF basic fuaddimgy isnot enough to sustain
water infrastructure in the future.

PROJECTED U.S. WATER INFRASTRUCTURE SPENDING NEEDS VS SPENDING GAPS

200

B Capital gap
B Capital spending

150

100

$ billions

50

2010 2040

Figurell. Projected U.S. water infrastructure spending needs vs. spending g&parce: American Water Intelligence, 2012.

The increasing backlog of projects to replace aging infrastructure restricts funding for systems
experiencing new stresses frohydrologic changes. Funding authorized hir 3728 would create a
mechanism forfunding innovative longterm strategies that mightot otherwise be given priorityby

the basic maintenance goals GWWSRF ardWSRF.

Water Infrastructure Resiliency and Sustainability Act of 2011 14



A 7. THENEED FOR RESILIENT AND SUSTAINABLE INFRASTRUCTURE

P

7.1 Agriculture andFood ®curity

Agriculture and food production relies on the availability of water more than any other product, and is
therefore extremely vulnerable to climate chaegIncreasing temperatures ancbrrelated drought
eventsmay reduce crop yields while encouraging the proliferation of pests. Changes in precipitation
patterns could increase the likelihood ofhortterm crop failures andaffect longterm production
declines While there may be gains irertain crops parts of the world, the overall impact of climate
change on agriculturés expected to be negative, witbevereconsequences on global food security. For
example, the U.S. produces 41% of the world's corn and 38% of the world's soybeesgscrop yields

are predicted to decrease 3% under the slowest warming scenario and78% under the most
rapid warming sceario by the end of the century.

7.2 Public Health

Regions that experience an increase in precipitation may experience \gatgdity issues as sewage
systems and water treatment plants are unable to cope with increased volumes of \Matavy rainfall
can increase the amount of harmful runoff containing waste and sedinaectumulatingin water
supplies, making them unsafer in need of additional treatment. Increased pecipitation can also
increase the likelihood of watdrorne parasites such as Cryptosporidium and Giardia, wéifdct
drinking waterreservoirs™

7.3 Energy

Same regions of the United Statesich asthe Northwestrely on hydropower. If hydrologic changes
alter the timing or decrease the volume of stream flowghrase areas,it will reducethe amount of
energy that can be produced. For example, along the Colorado River, a 1% reduction in streaam flow
reducz% electricity output by roughly 3%s water flows through multiple power plants in the river
basin:

Hydroelectric and nucleaplants requirelarge quantities ofwater for cooling. One kilowathour of
electricity (enough power to run 400 typiceompactfluorescent light bulbs for an hour) requires 25
gallons of water to be extracted from rivers or lakéAn increasingly popular method of extracting
natural gas from underground shale, called hydraulic fracturiatjjzes 2-5 million gallons of
freshwater?? Regions that face declining water resources may be forced to curtail power plant or energy
extraction productions, or alter designs for power plaifitsufficient water i;ot made available.

Water Infrastructure Resiliency and Sustainability Act of 2011 15



7.4 Business an&Economy

A majority ofconsumer products require watdor their manufacturing processe€onsequently, the
globalavailability and quality of water has direct and immediate impacts to consumpttternsin the
U.S. Water shortages and water quality issuesy cause supply @in disruptionghat impact sales of
goods and servicegdditionally, tourism and recreation industriesly heavilyon the aesthetic value
and quality of water.

7.5 Water Conflicts

Watersheds and directions of water flado not follow county, state or political line$his often leads to

fierce political conflictThe Colorado River Basin provides an examplewéter resource that serves

multiple statest Colorado, New Mexico, Utah, Wyoming, Arizona, California, andddefand Mexico).

In the early 28 century, "The Law of the River" Compact was a compromise on water rights between

the territories. As a result of this agreement, | f A F 2 NJ/aldcaflan wagdreaty tdduced and to

this dayCalifornia is still opetang at a deficit. The increasing scarcity of food, water, and eneagy

their subsequent interactionst & NB FSNNBR §oBdSy 8§ NHI&K Sy SHsdzaiSMNI 6 KA OK
geopolitical conflict not just in the statefut also around the world (Figure 32 Réiable water
infrastructure is essential to avoiding conflicts that arise from water scarcity.

Global T » Economic
governance ’ ‘
failures Sispaxity
4
kY &~
’ Food ‘w o f Water
ater intensity o
security bbb security
- Food crisis - Chronic shortages
- Social unrest - drag on growth
- Water crisis
- Social unrest
‘
- ’.'
. Water intensity of Geopolltlcal
ir‘\?(f)%z I:trzf(\;:g = energy production -/ conflict
Energy _.*".""  Energy intensity
security _.-»"".=*" of water production
G -

- Chronic shortages
- drag on growth

- Energy crisis

- economic damage
- social unrest

Population Environmental
and economic pressures Source:
growth World Economic Forum

Figurel2. Water-food-energy nexusSource: World Economic Forum Report, 2011.
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A 8. PROPOSED SOLUTIONSOF H.R. 2738

s

8.1 Goals of H.R. 2738

The Water Infrastructure Resilieneynd Sustainability Act of 202&ould fund solutions that alleviate
stresses on & water infrastructurethrough competitive grant allocations to owners or operators of
water systemsThe bill language establishes a braadgeof potential strategiesvhich addressewater
conservation, the exploration of new technologies to manage water systems, management of
floodwater, and enhanced storm water and wastewater treatmertie overarchig goals oH.R. 2738

are summarized in thisllowing four main categories:

(T
- i Water Quantity: Supply Enhancement or Demand Reduction
QL;. Water Quality: Quality Protection or Improvement

Disaster Risk Reduction

Ecosystem Protection and Improvement

In general, the main strategies that are considered for adapting to changing hydrologic conditions
involve decreasingvater system vulnerability and increasing system resiliefichhe definitions of
resiliency and vulnerabilitgs they relate to changingimate according to the IPCC are:

Resilienc¥ a¢KS | oAfAdGe 2F | aeadsSy yR Ada O2YLRYySy
recover from the effects of a hazardous event in a timely and efficient manner, including through
ensuring the preservat2 Y= NBAG2NI GA2Y S 2NJ AYLINRPGSYSyYyid 2F Ada

VulnerabilityY & ¢ KS LINBLISyaAide 2N LINBRAALRaAAGARZY G2 o6S |

One way to describe the difference between resilience and vulnerability is that low vulngrafdgns
the system is being less impacted by changing conditibpeseased resilience means that the system is
still being impacted by changing conditions, lbése impacts do riocause adverse effects (or the
adverse effects are more shdived). Thesestrategies are intertwined and can be considered opposite
ends ofa spectrum as low resiliency typically leads to more vulnerable systdierefore a resilient
system will be better preparetb respond to changing baseline conditions
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8.2 H.R. 273&olution Analysis and Examples

In order to reach the four goals listed above, the bill lays out a specific set of potential solutions that
would qualify for grant funding from the EPA. Tseggestedsolutions from the bill laguageare
summarized belowni Table 3 followed by abrief description, possible applications, and pertinent case
studies.

Table 3 SimplifiedEnvironmental Goal and Solution Matrfor H.R. 2738

. . Ecosystem
H.R. 2738utlined Solutions: WS L] DiEDgter A Protection&

Improvement

Quantity | Quality Reduction

la. Water metering X
1b. Electronic sensing and control systems X X

2. Modify or relocate existing water infrastructurehat may
be impaired by changing hydrologic conditions

-
x

x
|
il

x x
x

7a. Water supply management: Reservoir reoperation

X X
7b. Water supply management: Water banking . .
7c. Water supply management: Adaptive conservation x
pricing
8a. Agricultural land: Improve irrigation systems . .
8b. Agricultural land: Groundwater recharge " X

8c. Agricultural land: Groundwater conjunctive use X

9a. Restore floodplains, wetlands, and uplands

9b. Modify levees, floodwalls, andther structures through
setbacks, notches, gates, and removal

9c. Acquire floodprone lands and properties x
9d. Promote land use planning that prevents future X
floodplain development

10. Conduct studies to project how changing hydrologic
conditions may impact the future operations and X X X X
sustainability of water systems

Water Infrastructure Resiliency and Sustainability Act of 2011 18



Solutionla: Water metering

Goal Quantity

Areas of Applicability Agricultural, Residential, Industrial

Description: Upgrading to automated water metering provides rtiate feedback, increased metering
accuracyremote meter reading, andncreased leak detection efficienc@oupling water metering with
education and conservation pricing calso reduce water usage sutamtially; Palo Alto, CA reduced
usage by 27% in drought season wvifiese technique$®

Solution 1b: Electronic sensing and control systems

Goals:Quantity, Quality

Areas of ApplicabilityAgricultural, Residential

Description: Similar to water meteringelectronic sensingand control systemgrovide more precise
feedback on different aspects of water quantity and quality and allow consumers to adjust accordingly.
For example, inexpensive underground gypsum and wire serisatsmeasure soil moisture igrops
alloweégfor water saving o883%666% in Lubbock, TX¥s farmers no longer urtentionally overwatered
crops:

Solution 2 Modify or relocate existing water infrastructurethat may be impaired by changing
hydrologic conditions

Goals:Disaster Risk Reduction

Areas of ApplicabilityAgricultural, ResidentialVetlands

Description: Water infrastructure can be threatened by rising seavéds and inundation from storms.
Relocating existing infrastructure in New York is estimatedvar $12 million per mile to relocate a
sewer outfall for a million gallons per d&yThis cost would need to be compared to potential
infrastructure damages and service failures if infrastructure was not modified or relocated.

Solution 3a Improvestormwater management

Goals:Quality,Disaster Risk Reduction

Areas of ApplicabilityMunicipal, Residential

Description:Low impact development angreen infrastructureaddressstormwater runoff concernsby
minimizing the amount of stormwater that reaches seweffie cost of stormwater management
includes preconstruction, land, postonstruction and annual county implementatiohhe stormwater
best management practicei Maryland couties totaled over $2 millionover a span of20 years?
Other improvements could address efficiency of existing sewer systems.

Solution3b: Improvemunicipal wastewater treatment

Goals:Quality,Quantity

Areas of ApplicabilityMunicipal

Description: Wastewateris treated at the municipal levahrough a combination of physical, chemical,
and biological processes. Enegpving techniquesr new technologiesould be utilized to improve
system efficiencyln New YorlCity, methane gas (a byproduct froamaerobic digeste)ds used to run
20002 F GKS OAdGeQa ¢l af@Sel GSNI ONBFGYSyd LXIyhaa
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Solution 4a Developgroundwater remediation systems

Goal Quality

Areas of ApplicabilityAgricultural Industria)] Wetlands

Description: Groundwater remediation is th@rocess of removing contaminants from groundwater
sources. Methods include chemical, biological, and physical remediation of polluted water. In Park City
Utah, arsenic and antimony contamination was a result of abandoned silver mines. Reverse osmosis was
used as an effective groundwater remediation technique to restore drinking water to EPA stafitiards.
There are three maiground water protection activitiesun by EPAthe Underground Injection Control

(UIC) regulatory program, the Sole Source Aquifer (88gignation program, and the Source Water
Assessmet and Protection (SWP) prograth

Solution 4h Developwater recycling or reuse systems

Goal Quantity

Areas of ApplicabilityResilential, Industrial, Commerciahgriculture

Description: Recycled water is an ideal conservation strategy for arid climates asi¢the Southwest
U.S. for nonpotable purposes including agriculture, landscaping, and park/golf course irrigation.
Recycled water is also used as cooling water for power plantsfmieries, dust control and concrete
mixing in constructionThelrvine Ranch Water Distri¢tRWD)n California meetsan estimated21%of
their demands with recycled wateEverybuildingin IRWD with more than sevestories is requiredo
install pmmping systems for the use of recycled water in toilet flushi@glifornia, Virginia, and New
Mexico recycle wastewater through a combination of various techniqees everse osmosis and
ultraviolet lighting) to produce potable watéf.

Solution 4c:Developdesalination facilities

Goal:Quantity

Areas of Applicabilityindustrial, Commercial

Description: Desalination plants offer system reliability and water quality advantalyes largescale
desalination isan energy (often fossil fuel)intensive processand requires expensive infrastructure.
Desalination produces highlyoncentrated salt brine that may contain other chemical pollutants. Since
the grant program offers limited funds andould not cover thecost of a new desalination facilityit

may havepotential to fund programs that develop effective technologies for erminentally safe brine
disposal.

Solution5: Natural or engineered green infrastructure

Goals:Quality, Disaster RisleBuction, Ecosystem Protecti@md Improvement

Areas of Aplicability: Urban, Residential

Description: Examples of green infrastructure include green roofs, bioswales, permeablenEts,

and engineered wetlands. Green infrastiwie mimics natural processes @fater managementin
2012,New York Citawarded $4million to its Green Infrastructure Grant Program to buglgen roofs,

rain gardens, rainwater harvesting, and bioswales on private and public sidewalks in areas affected by
CSO event¥.
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Solution 6 Renewable energy generation

Goals:Ecosystem Protection anthprovement

Areas of Applicability Commercial, Industrial, Agricultural

Description Combined heat and power (CHP) is a reliable and cost effective option for wastewater
treatment facilities thatusel Yy SNP6A O RAISAGSNE® . A231a FTNRY (GKS3
generate electricity and power. CHP systepreduce power at a lower costcompared to retail

electricity), enhance power reliabilitand reduce greenhouse gas emissions.

Solution 7a Water supply management through reservoir reoperation

Goals:Quantity, Ecosystem Protection and Improvement

Areas of ApplicabilityWetlands, Agriculture, Municipal

Description:Reservoir reoperation is the redesigna$ystento achieve a balance between the original
purposes of a reservoir and emerging concerns such as the restoration of ndduraiegimes® The

costs of reservoir reoperation might include developing monitoring systems, hydrologic models, decision
support ystems, and collecting data to evaluate benefits and impacts of proposed changes. Other costs
are associated with conducting feasibility stud®sch assompletingCEQA/NEP&nalysesmodifying or
constructing new facilitiespr removing existing facilgs® For instance, The Detention DaRan in
Californiawould increase water storage owehe current Folsom Reservoiregperation Fan by
alleviating water demandTheArmy Corpsof Engineer$as calculated this increase in water, power, and
recreation at Folsom to be $2.6 million each year or $58.5 million over the life of reopetation.

Solution 7b Water supply management through water banking

Goals:Quantity

Areas of Applicability Municipal

Description: Water banking is an institutional mechanism that facilitates the legal transfer and market
exchange of various types of surface, groundwater, and storage entitleniBmsgoal of a water bank

is to treat water as a commaodity and allow gptors tosell and purchasquantities to meetconsumer
needs. For exampleKtS L NIBAYS wl yOK 2 §SNJ 5A4GNROGQa & GSNJI ¢
water to meet approximatel5%of IRWD customeneeds during critically dry yeatsy purchasing
groundwater from a neighboring countyThe cost ofthe water banking facilities (including the land
acquisition) is currently estimated to be approximately $t8lion, which wascost effectivefor the
county and hachegligible impcts on @vironmental resources;ompared tothe alternative ofsurface
storage reservoir&®

Solution 7¢c Water supply management througitlaptive conservation pricing

Goal Quantity

Area of Applicability Municipal

Description: Excess demand has resulted in deeld aquifers To relievestresse on water systems,
utility prices can be adjusted to discourage overusgaptive conservationring can incorporate costs
to cover additional infrastructure needsat would be managed at the state levéi.
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Solution8a: Groundwater recharge on agricultural land

Goals:Quantity, Ecosystemr&tectionand Improvement

Areas of ApplicabilityAgricultural

Description: Artificial groundwater recharge creates a route for surplus surface water to replenish
aquifers, acceletttng the natural recharge process. Specific methods include infiltration basins and
canals, which collecurplus water near the surfacerdinage wells are used aeeper constructions

that penetrate aquifers directly.

Solution8b: Improveirrigation systems on agricultural land

Goal Quantity

Area of Applicability Agricultural

Description:Irrigation used for agricultural purposes is the second largest category of water allocation in
the U.S. More efficient irrigation systems would allow water mamago adapt to changes in water
availability, especially in drouglprone regions.

Solution 8c Groundwater conjunctiven agricultural land

Goal Ecosystem Protection anthprovement

Area of Applicability:Agricultural

Description: Conjunctive use of groundwater and surface water on agricultural land helps achieve
greater water security by taking advantage of natural groundwater storage in aquifers. Conjunctive use
of water relies on surface water during wet years and groundwateinduiry years in order to optimize
productivity and environmental sustainability.

Solution 9 Flood control
a. Reducdlood damage, risk, and vulnerability by restoring floodplains, wetlands, and uplands
b. Modify levees, floodwalls, and other structures tlugh setbacks, notches, gates, removal, to
facilitate reconnection of rivers to floodplains, and reduce flood stage height
c. Acquireflood-prone lands and properties
d. Promoteland use planning that prevents future floodplain development
Goal Disaster RisReduction Ecosystem Protection and Improvement
Area of Applicability Wetlands, Agricultural
Description: Floodplain restoration can consist of the construction or reinforcement of existing levees,
restoring natural flow of rives and streams, and mininiig encroachment in the floodplain area.
Proper management of floodplains and levees will both lower riskraddcedamage from floods

Solution 10: Mnduct studies to project how changing hydrologic conditions may impact the future
operations andsustainability of water systems

Goals:Quantity, Disaster Risk Reduction

Areas of Applicabilityindustrial,Agricultural, Wetlands

Description:Climate change will affect water supplies through quantity, variability, timing, and intensity
of precipitationand sea level riseFurther studies and models areededto understandhow climate
change will affect the exact rates of projected extreme weather events and sea level risep@and h
infrastructure will respond.
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9. ASSESSNGTHERESULTSOFH.R. 2738

9.1 Measures of Water Infrastructure Sustainability and Resilience

H.R. 273&roposes a grant programvith specific and attainablgoals ofachieving increaseduantity,
quality, risk reduction, and ecosystem protectiorhe process of measuring success supplies the bill
with direction and accountabilityDue to the broad nature of the different solution strategies, the
metrics used for measuring success may vary depending on which solat®mhosen. For example,
where some regions are susceptible to floods or heavy storm events, others are prone to droughts or
other shortagesFigure 13utlines thekeyindicators that relate to each goal.

WEHEr CQUETITTE Water Quality: : : Ecosystem
Supply . . Disaster Risk :
Enhancement or Quiality Protection Reduction Protection and
or Improvement Improvement

Demand Reduction

Total Water Consume Turbidity

Per Year

Annual NoRRoutine
Water Infrastructure
Repair Costs

% Cover of Native Plal
Species

Nitrates

Total Water Consume

Per Capita Per Year E Coli

Climate Resilience an Average Wetland

Awareness Tool Buffer Width

System Capacity
Volume Consumed P4
Day

Arsenic

Chlorine
Reduction in Electricit
Peak Flow Rate Used by Water
Infrastructure

Volume Water Recyclg
Per Year Volume
Water Consumed Pe
Year

Combined Sewer
Overflow

Figurel3. Key indicatorgrouped by goal. Operators of water systems uese indicatos to link solutionsto each goal

In cases where pramplementation data is not available for comparison with pimsplementation data,
operators can compare posnplementation metricsto those of a controlsysem. In many cases,
successannot bedefined in quantitative terms.nkstead operatorswould apply qualitative feedback
informed by selassessment, expert elicitation and EPA anatgsiseasure succes#\ssessors can then
weigh these quantitative and qualitative elements to produce a final success rate or grade for each
relevant goal. Setting objectiveand measuring disaster rislkeduction is challenging gm changing
climate conditionsin many casesoperators must measure risk reduction without the actual occurrence

of extreme weather eventsThese types of metric indicators are necessary to determine the best
approach for each water system, as welt@sneasuresuccess of the implemented solution.
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Below are descriptionand unitsof each key indicator by goal:

Water Quantity: Supply Enhancement dbemand Reduction

TotalWater Consumedegr Year galons) provides an overview of the quantity of water theparticular
system producesn a givencalendar year. dtal Water Consumed g Capita pr Year ¢a) allows
managers to examine the average demand of each user with respect to a particular water system.
Sysem Capacity + Volume Consumeeray (days) indicates the number of days that curreater

supply could meet daily demanéfolume Water Recycledep Year(gal)+ Volume Water Consumedp

Year ¥ allows a water systems manager to track the effectiveness of the water reuse solution.

Water Quality: Quality Protectionor Improvement

EPA currently regulates approximately 90 contamindotgdrinking water of which gerators measure
both the quality of incoming consumable water and outgoing wastewi#drates ppm) arecorrelated

with Biological Oxygen Demand (the amount of oxygeedee to decompose suspended organic
matter) and acidification, other detriments to overall water quality. Turbidity (Nephelometric Turbidity
Unit) measures the amouraf suspended particles in waterow turbidity is associated with healthy
water quality,filtration effectiveness, and lower presence of harmful microorganisms. Arsgpin)(a
metalloid, is one of several metals and metalloids that are toxic to humans. Eppoi) {ndicates
freshwater contamination by microorganisms. Chloripprf) can be reasured during the process of
drinking water treatment or wastewater treatment to ensure adequate decontaminatiGwiume of
Combined Sewer OverflonepYeargalh A Y RAOF 1S&a g1 G§SNJ Ay NI adNUzOG dzZNB
floods.

Disaster RislReduction

Annual NorRoutine Water Infrastructure Repair Coé$) is the total irreglar infrastructure repair cost

each yearwhich gaugesverall infrastructure resilience. The EPA Climate Resilience and Awareness
Tool (unit of risk reduction) helps managers assess risks associated with climate change and how
infrastructure would likely respondReak Flowdubic feet per secorjdexamines th rate of water runoff

of a given areauringa particular precipitation event, and éso a helpfumeasuremenbf resiliency.

Ecosystem Protection and Improvement

Cover of Native Plant Specié$) (s a core idicator of ecological integrity, as it foses on biotic quality
which supplementsoutput quantity measure of wetlands acreage. Average Wetland Buffeidiv
(meters) describes the width of the tract @nld surrounding a wetlands area, whickates ecosystem
health to anthropogenic land usdntact ecosystems, such as wetlands, provide services of food
abatement and water filtration of nutrients and sedimen®eduction in Electricity Used by Water
Infrastructure (kilowatt hours¥uch agyreen infrastructure innovationsan reduce energy consumption.
Thisis one method of calculating a financial price on valuable ecosystem services.
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9.2 Example Logic ModeNatural or Engineeredsreen Infrastructure

Figure 14 below illustrates logic model for a hypothetical watesystemaiming to install green
infrastructure, a category of aaions in H.R. 2738n this example, he implementers chose to use
greywater recycling, green roofing, and wetlands engineering, three of the spsirdtegies outlined in
the bill.

In the lefthand column are the solutions, or outputee Table 3. The middle column shows the
outcomes, which comprise some of tlrdicators listedin Section 9.19ee Figure 13 The righthand
column displays the goals the ultimate impact that theimplementer seeks to achieva.he green
arrows from the outputs to the indicatorshow which key indicatorsare used for each solutiohe
blue arrows from the indicators to the goals show which gohtsindicators measute

Figurel4. A logic nodel for a hypothetical greenmfrastructure implementation showing link betweensolutions and
indicators (green arrows on left), and links between indicators and goals (blue arrows on right).

For example, perators would measure success gfeywater ecycling by its performance in the
Capacity= Consumption, % Water Recycled, CSO Volume, Damage Costs and Infrastructure Electricity
Reductionindicators. Greenaofs wouldaim to improve scores in CSO Volume, Peak Flow, Damage
Costs, and Infrastructure dsitricity Reduction. Operators would gauge performanceeondineered
wetlands by performance in Peak Flow, Damage Costs, Infrastructure Electricity Reduction, and % Native
Plant Cover. Analysisuldincorporate qualitative feedback as well.
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