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pitcher of water sits in the center of a table, sparkling in the sunlight.
Seated around the table are eight people, all of whom want a drink.
~Aliter some negotiating, the eight people agree on how much water each
will get, and their glasses are filled accordingly. Sounds reasonable enough,
right? But what if every year a larger group gathers around the table? And
what if the amount of water in the pitcher varies from year to year?
This scenario, though vastly oversimplified, illustrates a dilemma at the
core of all water use in Colorado—multiple water users with diverse needs
and goals must share limited, fluctuating supplies.

The Colorado General Assembly delines water conservation as water use
efficiency, wise water use, water transmission and distribution efficiency,
and efficient management of water supplies.

Strategies that promote water conservation in Colorado and elsewhere
are generally intended to reduce demand and stretch existing supplies.
More efficient use of water at homes, factories, and farms is driven by
regulations and incentives designed to change public attitudes and
behaviors, combined with implementation of water-efficient tech-
nologies and best management practices.

Water conservation in Colorado is no longer just a response
to drought. Watering restrictions, fallowed fields, and sur-
charges associated with drought may result in short-term

reductions in water demand but are not long-term conser-
. vation. solutions. Thats because in the long-term, demand
X dily increasing. Population growth and the need for
water for agriculture, homes, industry, recreation, and
the environment, place constant upward pressure on the
state’s limited water supplies.

Long-term conservation strategies will require water
providers to invest in structural solutions to improve the
efficiency of storage reservoirs, delivery systems, and pipe-
lines. Consumers will be called upon to invest in higher-effi-
ciency plumbing fixtures, appliances, and irrigation systems.
Nonstructural solutions such as more flexible water manage-
ment arrangements, public education, and prices that promote
efficient water use will be equally important.

This Citizenk Guide to C’olorado Water Conservation is

tion tnd:mlngies, mcenuve programs, regulations and policies
promoting efficient water use in Colorado today. For educational

purposes only, it is not intended as a substitute for professional
legal or engineering advice.
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Water Supply, Demand and Consumption

Figure 1 - Water
Deliveries in Colorado
(2002)
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Colorado’s fluctuating water supplies
are limited by natural constraints—rainfall
and snow, where precipitation falls, the
amount of water available in aquifers, and
the amount of surface water stored Fom
previous years. Mote than B0 percent ol
the water Coloradans use throughout the
year comes from snowpack that melts in
the spring and peurs into rivers and stor-
age reservoirs i early summer

Water demands, on the other hand,
have the potental to grow exponentially
Homes, businesses, farms, recreational
activities, and the environment all compete
for a share of the state’s finite .‘111!'IP|!1.“.~ As
the stares population grows, competition
for water resources intensifies, and so does
the significance of effictent water use

How Coloradans Use
and Consume Water

How Coloradans and consume
widter 15 a reflection of our climate, land-

15

scape, and changing social values. Uses in
which water is not returned to the imme-
diate water environment—for example,
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water lost to evaporation, incorporated into
crops or products. or consumed by people
called

The Colorado Water Canservation

or livestock—are “consumptive
uses.”
Board (CWCB) estimates that current toral
consumptive use in Colorade equals about
6 million acre-feet in an average vear
Figure 1 illustraies how Coloradans
the or withdrawn
the and
groundwater aguifers. The Colorado State

use water diverted

from SLAles TIVETs, TESETvoIrs,
Engineers office provided these statistics
for groundwater and surface water deliv-
eries i 2002

Water use in Colorades municipalities
Is increasing faster than in any other water
use sector in the state, a trend expected
to continue
demands additional
supply homes, as well as businesses and
high-water-use  facilities such as  goll
courses and parks

The map in Figure 2 illustrates the

Urban population growth

Waler resources o

state’s eight river basins and shows
projected increases in municipal, com-
mercial, and industrial water demand.
as well as demand from users of private
wells, expected by 2030: The estimated
percentage ‘increase for basin

appears above the projected annual

each
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water demand expressed in acre-feet

(estimates calculated by the Colorado’

Water Conservation Board),

Efficient Water Use
in Homes and Cities

According to 2002 statistics from the
Colorado State Engineer, mumcipal uses
account for almost 7 percent of the water
delivered annually from Colorados rivers
and shallow groundwater wells. Mumicipal
‘water suppliers—ity and regional utilities
water to make it fit for drinking and deliver
it 1 individual homes and businesses.
Treated. potable water is used primarily for
drinking, sanitation, and landscape irriga-
tion, as well as to supply public facilities
such as swimmmng pools. golf courses, and
parks. Water used for commercial, inidus-
trial and insttwtional purposes, though
primarily supplied by municipal providers,
is usually classified separately

The success of water efficiency initia-
tives for homes and businesses depends
Tlargely on peoples attitudes toward con-
servation, their understanding of how 1o
veduce water use, and the availability of
appropriate incentives and technologies.

Household Water Use

During Colorado’s warm dry summers,
lawns; trees, and gardens olten consume
as much as 70 percent of the water deliv-

Efficient Water Use in Homes and Cities

ered to residences. In contrast, during the
winter, 5-6 percent of the water dehivered
is consumed by indoor water demands
such as drinking and cooking, with mimi-
mal outdoor use for watering trees.

Comprehensive statistics on per-person,
or per-capia, water use m Colorado are not
avalable, but estimates are available for
selected cities. According to Smart Water, a
Western Resource Advocates study of urban
waler use across the Southwest, avirage daily
per-person indeor and outdoor water use in
single-family households in four Colarado
cities i 2001 was:

* Boulder: 140 gallons/day

* Denver: 159 gallons/day

* Grand Junction: 182 gallons/day, and

s Highlands Ranch (a Denver suburb):
140 gallons/day

Nationwide, the US. Geological
Survey (USGS) estimates that average
per-person water use in single-family
households is approximately 100 gal-
lons per day. Colorado’s higher average
use reflects a number of factors, includ-
ing high evaporation rates associated
with the state’s semi-arid climate, the
need to irngate gardens and landscapes
during the growing season, and the cus-
tom of planting landscapes and lawns
typical of more water-rich regions of
the country.

Indoor Water Use
~ Generally, in homes where no water-
efficient fixtures or appliances haye been

installed, toilets use most of the water

delivered. followed by clothes washers,
sink faucets, showers. bathitubs, and dish-
washers. Leaks may also merease. indoor
water use.

Water-effictent  plumbing fixtures,
appliances, and rerofit devices are the
main technologies aviilable to reduce
indoor water use in homes (Table 1).

Acre-foot (AF) — Amount of water
required to cover an acre of land at
a depth of 1 foor—roughly 326,000
gallons. According to Denver Water,
an acre-faot of water can meet the
Per year,

Recharge — Addition of water to a
groundwater supply either by nati-
ral (precipitation) or artificial (nfil-
fration or mjection) medans.

Augmentation Plan — Couri-approved
plert that allows a jurior water user to
divert water out of priority, provided
the consumed water is replaced with
water from another source. To enstre
that water nghts of senior users are
not harmed, replacement water must
be ‘of suttable qualty, and the required
amount must be delivered at the
apprapriate time and place.

CiTizen's BUIRE TO CDLORADD WATER CONSERVATION 5



Efficient Water Use in Homes and Cities

S 2 g leaks r > lrrigation Systems
{1 g adijust AL I vings (1 &

Reuse and Recycling

Reuse o

otable witer
i ate

Evapotranspiration—/Los

atmosphere through plant 1




Estimated
Efficiency

| Irrigation
Technology

Best Management
(% ) Practices
(% range

Is somewhat

Hit
JUL

area. Hose-end

Imgated :

r areds and apply w




Efficient Water Use in Homes and Cities

groundwater aguifers, at least some of the
surface water that enters the aty’s treat
ment facilities has already passed through
someone elses upstream wastewiter (reat-
ment plant. Altholigh many people do not
like the idea of drinking treated wastewa-
ter, many cities in Colorado rely on this
recycled water

At home, when people consider reus-
ing and recycling water, they often think
of reusing graywater. Although using
graywater for irrigation may seem like
a simple way for homeowners to reuse
water drained from clothes washers,
bathroom sinks. and showers, graywater
reuse is actually a public health 1szue. In
Colorado, discharging household gray-
water requires a permit from the connty
health depariment, and it must first be
disinfected. A monitoring program is also
required. However. these public health
rules do not apply to warm-up water,
which is presumed to contain no harm-
ful substances. Homeowners can collect

Graywater—Untreated wash or rinse
water draingd [rom clothes washers
and bathrpom sinks, showers, and
tubs, Graywater does not include
water from toilets (which contains
human waste) or water from dish-
washers and hitchen sinks  (which
contains organic waslte, bacteria, and
possibly other puthogens).

Warm-up water—Unused  houschold
water allowed to drain until it reaches
a desired temperature.

Coirorapco FOUMNDATION FOR WaATESR

warm-up wiater in buckets and use it o
water plants

Best Management Practices

Best management pracuces (BMPs)
are recommended veolunmary technologies
ar practices developed in this case, 1w
improve water use efficiency in and out-
side the home

In many cases, elficient water use
depends less on the type of technology
employed, and more on the way it is man-
aged. For example, all landscape-watering
systems—even  hand-held
waste water unless they are properly oper-
ated and mamtained

American Water Works Associalion
stuglies acress the country found that homes
with automatic irrigation controllers use 47
percent more water than homes without
automatic ‘controllers, Data from Denver
Water show that in its servige area, single-

hoses—can

family homes with awomate controllers:

use 30 percent more water tham landscapes
need. The problem is that people with
automatic systems often set their timers at
the Beginming of the year for watering rates
more appropriate for the peak irrigation
stason in July Then they never adjust them
to vaniable conditions. Hose-draggers are
likely 1o irrigate smaller areas, and be much
more sensitive to changing facters such as
winid, rainfall, or temperature

Landscape Selection

Used in conjunction with water-eflicient
irngation systems and scheduling, one of
the most effective strategies for improving

EpouwuoaTionN

outdoor water use efficiency 15 installing
low-water-use  landscapes—landscaped
areas that require minimal water 1o supple-
ment natural precipitation. Although rare in
urban areas, the ultimate water-wise land-
scape relies almost completely on natural
precipitation; preserving and reintroducing
indigenous plants in order to minimize the
need for supplementary watering Ancther
populir approach to water-wise landscapes
is called Nenscape o

In a 1992 siudy of smgle-family resi-
dences served by the East Bay Municipal
Utility District in Northern Califorma,
water-conserving  landscapes achieved
average water savings of 42 percent
compared with traditional landscapes. A
similar study condueted in Las Vegas dur-
ing 1996-2000 found that homes where
at least 500 square feet of the landscaping
was converted 1o Neriscape achieved water
savings of 40 percent. Preliminary results
of a five-year study of Xeriscape conver-
sions at single-family homes in seven
metropolitan areas along Colorados From
Range indicate that water savings during
the April-October growing season ranged
from 18 to 63 percent.

Incentives for
Efficient Water Use
in Homes and Cities

[ncentives to use water more efficiently
in urban residential settings often take two
forms: 1) inancial incentives such as con-
servation water rate structures or rebate
and retrofit programs, or 2) education and
technical assistance designed 'to inform
water users and help change attitudes
and behaviors. State, federal, and local
regulations and policies may also serve 1o
encourage wise water use (see Regulations
and Policies Prometing Efficiert Water
Use,:p. 27).

Municipal water providers design and
impletneny most water' efficiency incen-
tive programs in urban settings. However,
watershed groups. uhiversities, state
agencies, and local public mterest orga-
nizations may also provide educational
programs and mformation.

Using water wisely takes on magnified
importance m tmes of water shortage.
During periods of drought. water provid-
ers generally strengthen their incentive
programs, informing customers shotit



Efficient Water Use in Homes and Cities

1st be This beoutiful Xeniscape garden created by Marcio Tatroe of Centenmial, illustrates: how
latamy low-wateruse plants con provide g coforful and pleasing londscaope.

Incentives, More t

Wise Water Use Through Xeriscape™

muni Wil £
some form of water Conservati icing The Xeriscape concept was bomn in Colorado in 1981, the brainchild of a water
accordine t i Di and Whiter conservation task force formed by Denver Water: The trademarked term combines
the Greek word "xeros” (dry) with the word “landscape.” but the moniker is not
0N rdte -Strichires intended to imply desert gardens consisting solely of ¢actus and rock. Carefully

viewed as

chosen low-water-use plants of assorted heights, colors, textures, and fragrances can
make xeriscapes as pleasing and distinctive as thirstier landscapes.

water use. unitorm

increasing block rates. excess-l ; Xeriscaping entails seven principles that promote attractive landscapes and effi-

and water budgel rates cient water use. These principles—proper planning and design, seil analysis and
improvement, efficient irrigation, appropriate selection and grouping of plants,

Uniform rates. All metered water use is mulching, limited wdl areas, and proper maintenance—are described in detail on
| atthe s Xeriscape Colorado’s website (www.xeriscape org).

edl 4t 't

rates. A lorm of mcreéas




' Drought Restrictions

Water Budgets Reduce Demand at Highlands Ranch
Highlands Ranch, a rapidly growing planned community developed in the 1980s;

is mow home to almost 75,000 residents. The Centenn

F. .".Lf\"‘l.":l';.-. 4 water budegel

i
al Water and Sanitation

District, which serves the commu

spring of 2003

In customizing

as

42 percent of househ

grasses (for example, bluegrass) i

Centennials water rate -st
household might exceed its budge!
holds water budget | |
use exceeding

Alter one year with water bud

water demand by 20 |

A b R, | SR AR | i ar
manager. Mcloud says the water budgets are ot m

are an ongoing 'L'T'['i]i'l;if\‘l' o custormners I«

Surcharges

Rebate

and Retrofit Programs



in a Colorado Springs apartment complex
reduced water use by 38 percent

Since 2001, Denver Water has dis-
tributed more than 5,000 j
students in grades 4-8, mosth

!

1 1

schools serving low-income neighbor-

hoods. Each of these “Learning 10 be
WaterWise ™" kits ¢ontained

fit devices that students could install at

| three retro-

home—plus lessons (disguised as games)
to educate students about efficient water
use. Literature included in the kit explains
that 2 household that instdlled all three
devices could save up 1o $125 a year on
I"L'\lI.ILL'

water and energy hills. and could

water use by as much as 75 gallons per

day per household

Education and Technical Assistance
Virtually every municipal water util-
ity in' Colorado invests i1 some form of
comnunity outreach ar public education
Traditional methods focus on bill inserts
and direct-mail matenals, and these are
still the only methods guaranteed to reach
every customer, More recently, now that
many households have personal comput-
ers and Internet service, utility websites
have become standard fare, and many of
them highlight information on efficient
water use

Large water utilities hire stall members
with expertise in public relations and
contract professional public relations and
marketing firms to design and 1mplement
extensive public awareness campaigns

Typical publc education programs
include water use audits for commercial
and industrial customers, displays al
public events such as home and garden
shows, public advisory committees. dem-
onstration gardens illustrating water-wise
landscaping, and workshops and training
programs on spectalized topics such as
| many

irnigation scheduling, For childre
utiliies fund
materials and water {éstivals for schopls

water-related educational

Efficient Water Use in Homes and Cities

Rebate Programs Pay for Change

During 20022003, Colorado Springs Utilities paid residential customers roughly
$193,000 for installing 2,573 dual-flush toilets and almost $332,000 for installing
2,655 high-efficiency clothes washers. In 2003, the utility issued rebates of $30.850
for residential irrigation equipment such as rain shutoff devices, irrigation c,emmllers.
drip irrigation systems, and spray heads with check valves. The wilitys rebates for
residential landscape consultations, water-wise lawn installations, and me
soil amendments totaled almost $58,000 in 2003.

The City of Boulder, which reimburses customers for most of these same water-sav-
ing expenditures, also offers rebates of up to $250 for turf-type buffalo grass (at a rate
of §. 25 per square. fant)

cienml gmmms Iar 12 500 iow -aa: tmirzs at a cm of $l. .

00 ¢l s, at a cost of $700,000. Together, these programs sced annual
indoor residential water demand in Denver Waters service area by mou: than 500
acre-feet. Rebate programs aimed at reducing Denvers outdoor residential demand
reimbursed customers for some $368,000 worth of lawn irrigation equipment and soil
amendment materials, including more than 2,100 low-water-use trees and shrubs and

almost 1,000 automated irrigation system controllers.

Challenges to Water
Conservation in
Homes and Cities

Achieving efficient water use in
Colorados municipalities depends on
overcoming a number of challenges. Some
key stumbling blocks include low
rates, a pervasive public perception that
water conservation 1s not imporntant, and
insufficient understanding of the options
available 1o increase water use efficiency
Incom aceess
to information are some of the factors

that typically influence the publics sen-

¢, personal choice, and

sitivity to the price of water. Studies have
shown that customers are often relatively
unresponsive 1o small increases in price.
In  addition,

thit because

some Ttesearchers claim

water has historically been
underpriced, consumers have become
accustomed 1o low prices that donot

telv account

'
Adeg

water

for the full costs of water supply, treat-

ment, and distribution. So long as water

is relatively inexpensive, they argue, and
there is no perceived reason to conserve,
the application of more water-efficient
technologies and management practices
will be limited

understanding s
about such

topics as low-water-use landscaping, effi-

Increasing public
vital. Informing consumers
crent plumbing fixtures and apphiances, or
how 1o davold overwalering is an ongoing
challenge to widespread implementation
of conservation practices




Figure 3 - Business and
Institutional Water Use in
Denver Water’s Service Area
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Heating and cooling systems are the largest sources

of water consumption in many commercialfindustrial
facilities such as this refinery in Commerce City (center
right) and power plant near Craig (top). Other forms of
processing, such as the washing and rinsing of produce
{above), can also require large quantities of water.



Efficient Water Use in Commerce and Industry

Efficient Water Use in
CommerLe and lndustr}
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L e o . o Closed-Loop Cooling System
FEmove |1 il by EVAPOTT 11on "!I[!':_'_:u' Pass, b Saves water at Historic Ofﬁce Building

once-through, cooling systems are the most The nine-story Colorado Business Bank
water-intensive of all cooling methods. In  Building in downtown Denver was built in
E 1008 The first multistory reinforced concrete
building, constructed west of the Mississippi
River, it is listed in the Register of National
Historic Places. Today, its office space accom-

modates some 300 workers, and its tenants
: ‘include a bank, advertising and law firms, and
a restaurant,

When a new owner took possession of
ithe building in 1997, its water use was 8
- million gallons a year, despite the fact that it
 was only 40 percent occupied. Between 1999
and 2002, the new owner removed two aging
\cooling towers, connected ‘a line of chilled
Lcity water to the buildings cooling system,
.and installed a closed-loop cooling system
for the refrigeration equipment in the res
taurant. These projects reduced the buildings
- water use by 4 million gallons, or 50 percent,
lowering both water and energy costs for
itenants. Now the buildings office space is
fully occupied. With total annual savings of

1

these sy

stems, water 15 directed th

piece of egquipment once and

mio the wastewater syste

Water can be lost from cooling towers

in thre¢ ways: evaporation, bleed-oll

drift. The largest volume ol water is ot

ough evaporation. Bleed

ging @ poruon ol the an
1O FEIOVE 3 TS
Drift

ried out

Becaiise evaporation rates are pni-

Recent installation of a water wise coolk s : .
ing system in the historic Calorado Bank $77,000 and total project costs of $246,000,

Building cut the bulding’s water use in half  Payback for the projects was achieved in just
lowering both water and energy costs. over three years.
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Homebuilders Offer Water-Efficient Landscapes

Recognizing that the construction industry can provide
significant opportunities to share information and implement
water-efficient practices, the Homebuilders Association (HBA)
ol Metro Denver recently initiated the Built Green® Colorado
program and the Quality Construction Certification Program.

Built Green Colorado, introduced in 1993, encourages
homebuilders to use technologies, products, and practices
that preserve natural resources, reduce water use, and provide
greater energy efficiency. Efficient water use practices identified
in'the program include amending soils before installing land-
scaping, selecting drought-tolerant plants, installing efficiency-
oriented irrigation systems, and implementing additional
Xeriscape practices,

The Quality Construction Certification Program offers
construction site supervisors a manual and traming course
on a variety of topics, including landscaping and water use:
Emphasizing the importance of builders working closely with
landscape contractors; the manual gives builders a landscap-
ing checklist covering topics such as alternative turf grasses,
efficient irrigation, soil improvements, and grouping plants in
zones according to their water needs.

in 2004, HBA also began a cooperative project with
GreenCO and the Colorado Governors Office of Energy

Indoor Plumbing (Restrooms)  fixturest

Landscape

Irrigation

Management and Conservation to collect and share informa-
tion from builders who have implemented innovative ‘water-
efficiericy practices. Two ‘case studies—Engle Homes and
McStain Neighborhoods—are representative.

Engle Homes gives its homebuyers a Water Wise beoklet
that provides information on water-wise landscaping and
irrigation, plus five alternative Xeriscape designs from which

buyers can choose. Buyers can have Engles subcontractors

install the landscape, hire their own subcontractor, or install
the lawn themselves. As part of its standard front-yard land-
scaping package, Engle limits turl to 50-60 percent of the total
landscaped area, provides drought-tolerant bedding areas and
mulches in the rest of the yard, installs drip irrigation in shrub
beds, and provides rain sensors for the irrigation system.

As pant of designing its residential developments, McStain
Neighborhoods developed a guidance document cailed
“McStain Neighborhoods Water Conservation Standards for
Common Area and Open Space Landscapes™ The standards
include water budgets (maximum water allowances for land-
scaping) incorporated into homeowners association fees,
irrigation design criteria, and landscape mainténance criteria
(which include comparing actual water use with the water
budget to guard against overwatering).
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Denver Zoo Reduces Water
T R— Consumption by More Than Half

The Denver Zoo opened in 1896 with one
black bear. During its first: 50 years, the zoo
added other animals native to the western
United States and in the 1950s expanded
to encompass species from across the globe.
Today, the 80-acre facility houses nearly 4,000
animals representing 750 species and hosts an
average of 1.5 million visitors each year,

In the late 1990s. the zoo embarked on
a program of facility upgrades and water use
reduction measures that included moderniz-
ing restrooms and eating facilities as well as
replacing or repairing the aging pipelines that
distribute: water throughout the facility In
addition, the zoo upgraded the filtration and
pumping systems at several animal exhibits,
including those for polar bears and sea lions,
providing better water quality for the animals
and allowing these exhibits to be drained and ‘
refilled twice a year instead of monthly. Seq fion exhibr, Denver

As a result of these improvements, the zoos water consumption in 2002 amounted
00N as to 175 million gallons less than in 1997—a reduction of more than 50 percent of total

Process Water

required and ta be sto

rinsing or washing is completed water demand. This decrease in demand cut the zoo’s annual water costs by $194,000.
The improved water treatment systems saved another $19,000 a year in lowered costs

Recyc]ing and Reuse for treatment chemicals, bringing total annual savings to $213.000.
Nonpotable water is becoming increas- In the summer of 2004, the zoo connected to Denver Water’ recycled water sys-

tem and began using reclaimed water for landscape irrigation and cage cleaning. The
lower cost of the recycled water should further reduce the zoos water costs:

Green Industry Promotes Water Quality and Efficiency

Green Industries of Colorado (GreenCQ) is an alliance of nine landscape-related
trade associations representing sod growers, landscape architects, greenhouse grow-
ers, nurseries, retailers, landscape contractors, lawn care professionals, arborists,
and florists. Realizing that the economic health of the green industry is inextricably
linked with the condition of the state’s water resources, GreenCO has developed a
manual of 29 best management practices (BMPs) that support water quality protec-
tion and water-efficient landscaping practices. Entitled Best Management Practices for
the Conservation and Protection of Water Resources in Colorado, the manual is available at
www.greenco.org. Though the manual is targeted toward green industry professionals,
it can also serve as a resource for homeowners and for owners and managers of com-
mercial, industrial and institutional facilities.

Topics covered by the BMPs and explained in accompanying fact sheets include
landscape design, installation, and maintenance; design and management of large
landscapes such as parks and golf courses; irrigation efficiency; irrigation system
design, installation, and maintenance; water budgeting: plant selection and place-
ment; production practices for nurseries, greenhouses, and growers: tree care; turf
management; and compliance with federal, state, and local regulations affecting nurs-
ery and landscaping operations. '

GreenCOS efforts to promote water use efficiency also include a public aware-
ness campaign called “Its Easy Being Green.” A joint project with the Colorado State
University Cooperative Extension, this program focuses on efficient water use for lawss
and gardens, tree care during drought, and other water-wise landscaping practices.
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Efficient Water Use in Commerce and Industry

Incentives for Efficient
Water Use in Commerce
and Industry

n

e LR

Best Management Practices

s (BMPS

11

LICK

Best n

ment

1
nelent L2 1IN PUSHESS

ustry are

5Tl
FEsiUl

miar e some

and agricultural practices.

Jlent irngation
; T ¢ technical assistance in the
and replacing worn=oul plumbing INtures

11441 f AT e
; v 9 1 TOTIT O WERLET LISE auctits, 107 XaITIpUE
410 l'li'.l'i‘l"u nl with low-water-use maod 3

I ¥
Y i ) RL‘lerL'hnSillg Programs
L Indusinal apphica Rl E i ) 1 |
' in a repurciasing program, the uniny
) " subsidizes a-tacihity’s imvestment in water-
* Conduct waler use at ; ) |
; gicient gqupm TP £5 DY repur-
» Read water meters regularly g I

submeters in |

11( (Bl Ny
ana repair pol

. 2 ; | o
» water that lows through cool
12 LOWEES OF Tep

2Tr-CO0Led ¢

16 CoLoraD0 FOUNDATION FOR WatTer Ep:




Efficient Water Use in Commerce and Industry

Audits Provide Incentives for Conservation

Sometimes, it pays to know. Professional water audits can be an effective way to
target opportunities for businesses and manufacturers to use water more efficiently.

Initiated by Denver Water in 1990, audits of 36 facilities in the metro area project-
ed the following potential water savings in yarious types of facilities: commercial office
buildings (45 percent), hospitals (42 percent), hotels (30 percent), food-processing
operations (30 percent), schools (21 percent), commercial laundties (14 percent), and

access 1o and Can use reciatmed walt beverage processors (10 percent).
1or some purpases, prces lor this tyj When Denver Water followed up with the 36 facilities a year later, only five had
Pwater are usually lower than those 1ot implemented formal water-efficiency programs incorporating some of the recom-
sotable water mended measures and had reduced their water consumption by 3-29 percent. Still,
overall water use at the 36 original facilities decreased by 16 percent, or 284 million
Education and Technical Assistance gallons, over the course of a year. This represents a water use reduction of almost 871

SEVErdl mMunicipal water utiities: 1n 3cre—fcm.

Challenges to Conservation
in Industry and Commerce

AS It agricuitural [ resigaential
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Efficient Water Use in Agriculture

Uncompahgre Valley Begins
Replacing Ditches With Pipeline

The Uncompahgre Valley Water Users Association in southwest Colorado began
converting some of its open-ditch delivery system to pipelines in 1999, when it
mstalled its first 7.5 miles of pipe. The association now boasts a 25-mile network of
delivery pipe and continues to add a few miles each year, according to manager Marc
Catlin. However, converting the entire delivery system will take years—it still includes
more than 500 miles of earthen ditches. In the meantime, Catlin says, the association
lines ditch sections that have pronounced seepage leaks with a polymer called poly-
acrylamide or a new synthetic rubber material that is resistant to ultraviolet light and
maintains flexibility in temperatures as low as 25 degrees below zero,

Asked why the association began replacing its unlined ditches with pipeline, Catlin
cites three reasons: a desire to improve the quality of water delivered to farmers, the
availability of federal funds for salinity control and selenium reduction projects, and
water conservation:
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groundwater-dependent systems such
Plaus and

During

those found along the South
Arkansas River
months, base
provided almost entirely by seepage from

Basins cerain

flows in these rivers are
irrigatibn canals. Lining of ditches could
greatly reduce sutrface water flows during
speafic times of the vear, and potentially
injure other water right holders

The delivery svstems of 48 percent of
Colorados agriculeyral
include some pipelines or lined ditches or
canals, according to the 2004 Drought and
Water Supply Assessment

water providers

Irrigation Systems
Finding the most efficient
system for a given field involves consider-

ITigation

aton of many factors such as topography
and soil preperties, capital costs versus the
value of the crop grown, operation and
energy requirements,
and the system’s effects on crop yields and

mainienance ¢osts,

quality. For these reasons, no single irriga-
tion method can be considered superior in
all situations

Three wwpes of imgation are used lor
¥ =y

crops m Colorado—surface (gravity-flow)

systems, sprinklers, and
(drip) systemis

almaost rwo-thirds of

microirngaiion
Surface svstems jrngate

l‘l{.TdL o= H'rl__“.l{. \l

ics gathered in a
L"UL‘ USGS water use survey. Furrow irri-

according o staus

gation 15 the most common type of surface
trrigation in Colorade
are wsed for most of the remaming

Sprinkler systems
third
of the states ngated ground. Less than |
percent of Coloradoes lamis and ranches
use microirrigation systems

Surface irrigation systems, such as fur-
row or {flood methods, are the oldest and
least expensive means of irngation, but
they are also the least efhcient In order
for water to reach the end of the furrow or
held, irrigators must apply extra water to
the upper end of the field, causing runoff
or tailwater, at the |lower end. lrrigation
systems that minimize runoff by distribut-
ing water more evenly and precisely across
the field—lor .._\amph. sprinkler or drip
systems—are considered more efficient

Generally,

irrigation efficiency

Invasive plms i

:oamm&mmm

non-native plants,
Tmmk_m systems can mada@ep:hs of
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desenbes the overall performance of the
irrigation system int delivering water to the
root zone of plants on an individual farm
ar field. For exampl
tem is 75 percent eflicient. this means that

e. il an irrigation sys-

75 percent of the water diverted from its
source and applied to the field is stored in
the root zone and consumed by the grow-
ng crop. The other 25 percent may be lost
Lo evaporation or may retums to the river
ar groundwater aquifers to be withdrawn
by dnother user

Tailwater Recovery

When soil in irmgated fields becomes
saturated, runofi collects at the lower end
of the field. Some irrigators capture this
tailwater and reuse it on their ows [lields
However, according to Dick Wolle, chief of
water supply in the State Engineers office,
they cunnot capture runoff that onginated
from someone elses property. Runoff from

another irrigators fields must be allowed
to return to the stream for appropriation
by downstream

Although Wolle says minimizing run-
off 1s probably a more cost-effective way

Waler users.

toboost on-farm water élficiency, tailwater
recovery and reuse can contribute to water
savings. According to the Celorado State
University (CSU) Cooperative Extension,
tatlwater can increase

reusing on-farm

water use elficiency by 25-30 percent

Best Management Practices

Recommended irngation management
practices can increase water use efficiency,
as well as improve water quality by reduc-
ing erosion and nonpoint source pollutien
from fertilizers, pesticides and herbicides
Best managentent practices (BMPs) for
managing agricultural rrigation  are
described. 1 pumerous documerits
Comman BMPs include irfgation schedul-
ing, land leveling. and conservauon tillage
Irrigation BMPs specific to Colorado agri-
culture are detailed in CSU Cooperative
Extension’s Bulletin XCM-173, available at
http/Awww colostate edu/Depts/SoillCrop/
extensiort \WQ/WQPuhs html

Irrigation Scheduling

Irrigators can enhance on-farm water
efficiency by scheduling ifrigations based
on soil moisture and plant evapotranspi-
ration (ET) rates. Ideally, irrigators should
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Table 3 - Comparison of Efficien
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cies for Common Agricultural Trrigation Systems

deliver water just above the soil surface

5 Irrigation
Irrigation ) i Best Management
Technology Description Efficiency :
Svstems ? o Practices
(% range)
Water is diveried from ditches with
S little or no controls (other than gravi-
Flood : ; -
ty) to direct the spread ol water across 40-50%
the field or pasture,
Most common type of surface irrigation
Fur in Colorado. Water is channeled down +0-60% Lining delivery ditches or
: TOW - 2 e i
furrows and applied to only a portien of replacing them with pipe
the field at one time Gated pipe
Surface . Water is applied to sloping rectangular = ! Land leveling
(gravity-flow) Border ) 2 = 50-80% =
e EA strips of land bordered by ridges. : _
: i Stirge irrigation
Valves on gated-pipe systems send Tailwater recovery
water down furrows in intermittent Additional
surges. The lirst surge wets the surface | 5-30% com-
i of the furrow, causing soil particles pared with
JUTES -
= to consohdate and form a seal; this continuous-
allows subsequent applications of flow irriga-
water to flow more uniformly down tion
the furrow
Use sprinkler irrigation on
LAI_[&?TLII pipelines deliver water across High- fields with coarse-textured
a field using big sprinkler guns (high- prc“:urc' sails
pressure systems) or nozzles suspended e A :
s o : 50-63% Change nozzle configura-
at varying heights [rom hoses (medium-
. . tion, height, or droplet size
. ] and low-pressure precision application i .
High-, medium-, TR Medium- to minimize runoff and
e 4 Sy=ten . . -
Sprinklers and low-pressure | pressure increase the uniformity of
syslems o 60-85% water distribution.
: Sprinkler systems can also be differenti-
ated by the mechanisms used 1o move Use lower water pressures
o, . ! Low eneTgy | to-apply water within o
the pipelines across the field. Common 0 PR LrappLy-waier witign ar
DTECESIC o ) . y :
systems include center pivets, side rolls, &]‘ Teeten below the crop canopy
: i 4 a 3 :
and lateral move systems [\[ O | rather than spraying water
’ B80-95% K b :
high into the air
-y , Emuitters along pipes or hoses deliver I
Surface drip b1 ! _ T-95% 5
water directly 1o/'the soil surface o mimmize clogging,
: water for micro-irrigation
L, . : ; - Emitters along pipes or hoses deliver B s
Microirrigationn | Subsurface drip i 7 F-85% systems must be filtered
water below the soil surface .'
through screens or sand
Small emitters placed on short nisers e filters
Micro-sprinkler ' 70-95%

Sources: Colarado High Plains Irrigation Practices ¢

State University (2003), Reagan ™. Waskom. Best Man

Bulletin XTM-173 (August 1924)

al Revort |14, Colorado Witer Resources Resedrch Institute, Colorado

ment Practices for rmigation Management. Colorado State University
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Farm and Ranch Management

Incentives for Efficient
Water Use in Agriculture
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Drip Systems Decrease
Water Deliveries and
Increase Yields in the
‘Arkansas Valley

| Farmers in Otero County are using
drip systems to irrigate more than 1,000
acres of vegetables and fruits, according
to Mike Bartolo, vegetable crop special-
ist with Colorado State University (CSU)
Cooperative Extension. Bartolo estimates
that almost 90 percent of these farm-
ers are also using a practice known as
“plasticulture,” in which subsurface drip
| emitters irrigate roots belowground, while
- aboveground, four-foot-wide black plastic
sheets are tucked into the soil around the
plants. The plastic sheeting increases
‘water use efficiency by slowing losses of
“soil moisture and also has been shown o
improve yields and fruit quality. In fact,
many farmers have seen yields almost
double compared to crops irrigated with
traditional furrow systems.

; ~ Additional studies at onion fields at the
(CSU Arkansas Valley Research Center in Rocky Ford found significant water savings
with drip systems. In a two-year study, researchers found that conventional furrow
irrigation of onions required the application of more than 72 acre-inches of water
(much of which ran off as railwater or leached through the soil). In contrast, drip
irrigated plots required only 15 acre-inches of water to produce comparable yields.

c&rect&'atpfwumﬁm.erdes ofwtﬂedseﬂ
indicate the location of seeds ready to sprout
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Services such as well testing and irnigation
scheduling help landowners reduce water
and enérgy use associated with well pump-

ing. To daté, savings asspciated with the

program have been substantial, allowing

some 135,000 acre-feet of water to stay in

the aquifer and reducing energy use by an
estimated 66,613,000 kilowatts

Water Rate Structures
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through conservation rates to improve
the efficiency of the districts conveyance
systems or to help lund more efficient on-
farm irnigation systems.

Other Economic Incentives

When deciding whether to make the
often-substantial investment i an improved
irmigation system, farmers and ranchers must
dsk themselves if the investment can pay for
itself within a reasonable period of time and
if it makes good finanaal sense.

Irrigators whose primary source of
water 1s gmund\.\-'mt:r can sometimes see
significant reductions in energy costs, as
well as increased crop yields and reduced
evaporation and runoff, after convert-
ing from high- 1o low-pressure sprinkler
systeims. The Colorade State Conservation
Board has documented numerous case
studies from the states Eastern Plains
where irngators who replaced high-pres-
sure systems with low-pressure ones cut
their energy bills by as much as $500 per
month while increasing yields

Growers using surface supplies as their
primary source of irvigation water have also
seen yield increases after installing more effi-
clent irrigation systems. For example, irriga-
tors in the Arkansas Valley who switched to
dnp irrigation methods for melon and veg-
etable crops have noted marked increases in
frunt quality and yields.

Education and Technical Assistance

Universities, water conservancy dis-
tricts, irrigation and ditch companies, and
other local agencies offer Colorados agri-
cultural producers a variety of edutational
materials, training workshops, and fiekd
demonstration projects to help improve
water use efficiency. Some agencies also
offer ‘incentives such as free installation
of soil moisture monitoring devices ar on-
site technical consultations

At the state level, Colorados conser-
vation «districts (formerly known as sail
conservation districts) provide input and
direction to local NRCS offices. supporting
statewide and regional programs to help
farmers improve irrigation systems and
the environment. Conservation districts
«cover large geographic areas and may con-
tain numerous local watér magnagement
-agencies, including conservancy districts.
groundwater management districts, and
municipal water providers.

Efficient Water Use in Agriculture

i

Challenges for Water

Conservation in Agriculture

Some of the most important stumbling
blocks to agricultural water conservation
in Colorado are related to econorics,
aver-appropriation of the states sutface
water supplies, and conimon misconcep-
tions regarding the "use it or lose it” provi-
sions of the state’s water rights system.

Economic disincentives pose a con-
siderable challenge to agricultural water
conservation. Facing strong international
competition, rising input costs, and com-
modity prices that have not incréased in
real terms i 30 years, farmers in many
areas can ill afford the significant expenses
often associated with efficiency improve-
ments. If water prices are relatively inex-
pensive, this creates additional disincen-
Lives Lo conserve.

In addition, almost all of Colerados
river systems are over-appropriated—
meaning the ¢ourts have approved mote
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WaTeEs CONSESVATION

25




Efficient Water Use in Agriculture




Regulations

Regulations and
Policies Promoting
Efficient Water Use

Numeraus public policies—federal
state, and local—mandate, promoté. or
otherwise affect behaviors and atuitudes

toward using water wisely in Colorado

These policies include legislation passed
by the U.S. Congress or the Colorado
General Assembly, guidelines issued
by the US. Environmental Protection
Agency (USEPA), regulations issued by
the Colorado Department ol Natural
Resources, legal decisions handed down
by Colorado’s water courts, and local ordi-

nances and covenants
Federal Legislation and Guidelines

Plumbing fixtures, Passed by Congress
in 1992, the U.S. Energy Policy Act estab-
lished for the first time national maxi-
mum allowable flow rates for plumbing
fixtures. The legislation specifies maxi-
mum flow rates for toilets (1.6 gallons
per flush), urinals (1.0 gallon per flush),
showerheads (2.5 gallons per minute),
p

and faucets (2.5 gallons per nunute).
These national water-effictency standards
apply to plumbing fixtures installed in all
newly constructed or renovated residen-
tial and nonresidential facilities.

Conservation planning. As mandated
by federal legislation (1996 amendments
to the Safe Drinking Water Act), in 1998
the USEPA issued guidelines for municipal
water utilities to follow in developing local
water conservation plans. The guidelines
are designed to help utilities integrate
water use efficiency into planting for new
facilities. Three sets of guidelines are pre-
sented: basic guidelines lor water systems
serving 10,000 people or fewer, inter-
mediate guidelines for systems serving
10.000 ta 100,000 people. and advanced
guidelines for systems serving more than
100,000 people. Components of the inter-
mediate and advanced guidelines include
forecasting water demand and evaluating
water use efficiency measures on the basis

of cost=benefit analyses

State Legislation and Guidelines

Conservation  Planning. In 1991,
Colorado became one of the first states
to pass statewide water conservation leg-
islation, ‘Onginally designed to improve
urban water use efficiency, the Colorado
Water Conservation Act created the
Office of Water Conservation within the
Calorado Water Conservation Board
(CWCB) and required water providers
with annual deliveries of more than 2,000
acre-feet (also known as “covered enti-
ties”) to develop water conservation plans
by 1996, In their plans, providers were
mstiucted to consider, al a minimum,
water rate structures, regulatory measures,
incentives, water reuse systems, and edu-
cation, among other measures
Amendments to this legislation in 2004
continued to enhance water conservation-
related financial and: technical incentives
for Colorado communities. Amendments
included provisions specifying that after
July 2006, covered entities seeking tinan-
cial assistarice from the CWCB or Colerado
Water Resources and Power Development
Authority must submit a new or revised
conservation plan for the boards approval
before funds can be released. Other provi-
sions increased the scope of work for the

Cirizen's BGuinpeE T80 EpLorapp WATER
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Conjunctive Use Helps
Highlands Ranch Weather Dry Years

\mong the rapidly growing suburban communities in Arapahoe and Douglas
counties south of Denver, Highlands Ranch is in the unique position of having
developed two distinct water supply systems—a surface supply from the South
Plane River and a groundwater supply from the deep confined aquifers of the
Denver Basin, Surface water accounts for about three quarters of the district’s total
supply. and nonrenewable groundwater sources make up the rest, according to Rick
MecLoud, water resources manager at the Centennial Water and Sanitation District,

In 1992 the district embarked on Colorado’s first conjunctive use project involv-
ing deep-well injection. Adapting some of its wells with injection equipment, the
district began replenishing its groundwater supplies with potable surface water in
wel years.

“In years with average stream flows, we rely on surface water,” McLoud said.
explaining how conjunctive use works. “In wet years, we use surface water and
inject any Fxcess into the groundwater wells, Then in dry years, we can fall back
‘on the groundwater source. This way we can avoid continuously depleting our
gmimdwater supply, because it our savings account.”

By 2004, the district had equipped 21 wells for injection and had added
almost 7,000 acre-feet of treated water to its groundwater stores, McLoud
reported. So far withdrawals, made only during the dry summer of 2002, have
amounted to 570 acre-feet. Injected water comes from the same potable supply
distributed to customers.

Conjunctive use systerns take water. from rivers in wet years, and inject that water into underground
aquifers. During dry years, that water con be recovered from the aquifer and distributed to homes ond
aties. Conjunctive use dllows cities to more sustainably manoge their water supply system—replenishing
gmwﬁmm:mmmmmmrmmmm
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Othice of Conservation to include technical

assistance to agncultural and industrial

- agencies, as well
of “Office of
ind Drought Mitigation.”

In 2003, the state also weighed in

WaIier provid

on water-eflicient lan g passing
a law prohibiting the .i.d:_"ptu_s\n of any
new covenants that restrict low-water-
use landscaping

That same yvear the state legislature

also adopted a joint resolution (House Bill
ng a set of 10 pnnciples
df.aigncd to guide fuwure water policy for

091y containi

the state. The ninth I"IE']I.L.]‘]L asserts that

water conservation measures that do not
injure other water nghts should be aggres-
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Efficient Management
of Water Supplies

How water supplies are managed at
regional, local. and statewide levels can
have a significant impact on how efficient-
Iv that water can be put to use. In recent
vears, the state legislature and local water
providers have been' developing mecha-
nisms to increase the flexibility with which
water can be transferred, stored, and
moved around the state in order to meet
demands effectively as they arise

Th # it o et 15 S
[hese ML MG INnmevauve

water management technelogies (such as
conjunctive use) and procedures (such as
interruptible water supply agreements} to
facilitate more flexible and responsive water
management on a local and regional level
The [ollowmg disctission is not meant to be

a comprehensive list but provides an over-

view of currently available options

Conjunctive use. Conjunctive use is a
management approach in which. surface
water .H]d Lll—':‘(l['illll\\'.“\'l' ‘”_iP['J{JL"{\ are man-
aged jomtly to produce a larger, more
reliable: supply than either source could
generate: alone, Dunng wet years with

above- avorage precipitalion and runofl,

for later use by

imjecting it mto groundwater aquifers: In
this seenarie. a deep confined aquifer is
used for storage in much the same way asa
surface reservoir. A water management dis-

Lrict migl cl waler {rom streamis,

lakes. or reservoirs to permmeable argas ‘of

a groundwarer basin where the water can
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In either

Aurora Leases Water to Help Fill Its Reservoirs

In March 2004, as Colorado faced its sixth consecutive year of drought, the city of
Aurora agreed to lease 4.1 billion gallons of water from 152 farmers in the Arkansas
River basin. The $5.5 million deal, expected to boost Aurora’s supplies by almost 25
percent, is the largest temporary water agreement in Colorado history. The lease price
was based on market prices for crops, mostly hay and corn, averaged over the past
few years, The farmers, who hold shates in the High Line Ditch Company in Pueblo
and Otero counties, received $5,280 per share under the terms of the lease: Though
most of them leased only a portion of their historic consumptive use, the city expects
ta serve about 25,000 households with the additional supply.

withdrawn
suriace source
-H".'.‘ £

} £XI
fully

fi=

rights, mianaging

and minimizing the need lor new, above

ground

STOrage reservolrs

Dam and reservoir !'{.pdlr and recha-

bilitation. Maximum of
Colorado’s surface water suppl nds
in part ‘on the st ability to fully utilize
1he ge capacity of its reserve The
Colorado Division ol Water Resources
(CDWR ‘.'\-"|il. 'I .|!..|i':ll='|'-':|"'_- ;'li.' =

Dam Safety Program. determines safe stor-

age levels in order to protect water sup-

plies—as well as people, property, wildlife
and crops—Irom dam latlures. Reservoir

storage capacity may be reduced asa result

of restrictions imposed for sfety reasons

In 2002, CDWR estimated that
I'E.‘i.hlt_l.'d TESErvalr L..ip.l\i!._\ in Colorado
amounted to more than 140,000 acre
feet of storage. Restoring lost capacity by
repairing and rchabilitating dams and res-
ervoirs can be much less expensive than
constructing new storage facilitles. In facy
CDWR has estunated thar 25,000 acre-
feet of lost storage In L “olorade could be
recovered at an approximate cost ol $10

million, the equivalent of about $300 per

acre-loot—Iar lower than costs lor new

Dan Henrichs, superinténdent of the High Line Canal, adjusts one of the gates that helps mezer the
canal’s flow o form fiefds and ranch pastures throughout the Lower Arkansas River Valley.

storage projects, which can run thousands

of dollars Per ac re-toot

Substitute water supply plans. Substitue

supply plans allow temporary out-of-pr to other water right holders. Potential
srsioms i sufficient

ority  dive nent water include [lows

water can be [“-;-._\\:Jr_'..! O Cover stream treams Or slorace reservoirs.
depletions. (An out-of-priority diversion rroundwater groundwa
allows the water right of a juma ter from recharee wells or basins

priator to take priority over :
with a more senior priority date Interruptible water supply agrtcmcnu
these plans must be | :

by the State Engineer. Substitu

In vears

flows ¢ > Partic

plan v be approve
1oT 5-.\' H—UT]“ termn
out-of-pri¢rity stream

M wWater cour

To facilitate temporary
{

may be owned or leased

!'L'LI||1\L_.IH "'ll\l the I'l‘._'(_\i lor

available in the proper qua approval. the state leaislature in

place, and time necessary to prevent harm 2003 auwthorized the use of jnterrupuible

Cimizen's Buive 70 CoLerADD WaTeER CoONSERVATION 29
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Local Ordinances
and Covenants

an
Water banking
iTL at
I + 1 L
I
iy [
T
L Sk
2004
ehri
s
i
i

=




Future Challenges

1

l' . & - .E ! A

I PR, ) ;
l 2 ' A ;

L
i

CiTIZEN'S GuIiDE 11N




References

= FE
=i oF il
( :
1€ | I
N ¥ fan W
il | - L
N -
1 \
i
€ h Insti
} 4 }
] 1 ~ C
T Ly
| 2 | Nt W ]
( i
\ '@
! Vi \
[ Hes
Vi
< ¥ 4
: L F:
| i
{ | I LY
\ m \
\ \ - 1 H Vi WV
1 L) 1
i
N A )
| L b5 L JebTThe
I S te / £ 4
, )
| \ orad WL
;
= La (| L
] 1
2 0F Y n !
- ) ) t
j I ) L
L ) i 3
.‘ni- I ! LT I: \-I I | i
fon ! ! in | 1 1 S
" 1 o
b LK W i L Sl L I Vit 1 L 13
.I-\.. I 1 -
' &
) e TVICH
< { ]
i o o i
; \
' I A] (8} ¢ 1 emo
[ i | LY.
\ Vv
3 11
- ) R 4 VWi
! VVE i B i
WO} 4
2 € [
; (1
R f J
| ] Vv ! WA el !
1 Py \ A
- |,
{41 | IKE
) 3 \ (
4 W17 |
y I Wiar
L
vl
: ) }
: i in { T
1) 4 T
0
l AT 4
A y
VA |12 1
|
| I &
l HgaeT | 1
|
it
O] 1 vwea |

W
3]
r




1
v i
~
vy
S
Vil
Ner
€
Si
|'\ <
A\ 1
8
1 1 P \
1€
= 1'0)
y )
L
] |
= LT nd K |
L) I vl 1
| g En
i T N1
' ]

| sitrh NA
11 vl
I 03
. A
% o \ Vi I L
| L r i L !
~1 A | I
| A\ ek
I | [
. T
il | \
Iy F
! S0 & L
{
At
ZSU0NE

h
A
Vi ¥
3 -
LS
I 5 I
i oy =
. 2
L L f UL L
/ e |
YR It nsirtt !
b N A\
| Wi (@}
1 T J

1EAr 55| rl
| LY LY |
\ et e Vil
< )
24 NOSIUL led { i
| '
| VL

f
n

References




DAY LiLy
HEMEROCALLIS FULVA

Photograph by William Castner

Colorado Foundation for Water Education
PO. Box 300158
Denver, Colorado 80203
303-377-4433

www.cfwe.org



