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Preamble
Most of us are familiar with the parable of The Grasshopper and the Ants. It’s all about
preparing for adverse conditions, shortages and scarcity of needed commodities. In
essence, those who are prepared fare better than those who are not.
We are currently witnessing this parable being played out in our various forms of
government at the national, state and local levels, most of which are in heavy debt,
unable to meet their budgets or in default.
Those of us who reside in Hill Farm find an exception here. The homeowners
association is adequately funded through monthly member dues and a reserve that was
established more than a decade ago remains in place to cover emergencies and major
infrastructure and maintenance expenses.
Recent boards of directors have gone to great lengths to conserve funds while looking
toward the future to ensure that adequate funding remains available.
While it might be considered a reach to liken these actions to a role model or paragon,
the current condition of this smallest of local governments stands as a tribute to careful
and thoughtful planning and carrying out a program aimed at limiting vulnerability
during periods of hard times or natural disaster.
It was no coincidence that when Hurricane Katrina struck New Orleans that among all of
the federal and state agencies only the Coast Guard was prepared to handle the
aftermath and was thusly acknowledged. Founded in 1789 as the U.S. Lighthouse
Service, the Coast Guard motto has been Semper Paratus (Always Prepared).
It was in keeping with this approach exemplified by our current and past Hill Farm
boards that this committee embarked on its investigation into our target subject.
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And it is with this same conviction in delivering this report that our committee
encourages this board and future boards to stay the course and remember that those
who are not planning for tomorrow are wasting today.
Mission Statement
Pulling together the information contained in this report required the time and efforts
of four committee members and was completed over a period of approximately twelve
months.
In doing so, we focused on Hill Farm’s current water needs as well as those anticipated
for the future. We gathered data related to available water supplies and projections for
availability and cost in the future.
We interviewed officials who had both knowledge and experience in projecting future
availability and costs for bringing water to Hill Farm and solicited their opinions,
whether verbal or already reduced to print.
We also talked with Hill Farm residents who are serving or have served in various
volunteer capacities related to water or board experience.
In short, we attempted to cover every possible aspect related to this issue which could
be of help to the current board and future boards in planning for the years ahead.
What we have not done is to make recommendations. We find that the information
contain in this report, regardless of the many sources cited, reaches a single conclusion,
that being that in the future there will be less water available and it will exact a higher
cost. If there are any experts who hold a different opinion or projection, we were
unable to find them.
As a consequence, we have decided that it is unnecessary to offer any
recommendations. Instead, we have provided various alternatives for conserving water
and reducing expenses.
It is our hope that this information will prove to be of value to the board and the
community.
Respectfully submitted by:
HILL FARM LONG RANGE PLANNING COMMITTEE
Myron Dungey
Suzanne Jacoby
Steve Merski
George Newman, Chair
October, 2011
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Summary
At the request of the Hill Farm Board, the Long Range Planning Committee has gathered
documentation on the topic of water supply and demand relevant to the Hill Farm
neighborhood. These materials will inform the Board as decisions need to be made.
Sources of supply for Hill Farm are city water and private wells
Demand for Hill Farm water comes from the lake, trees, and front yard landscaping, in
order of consumption.
Options for reducing demand
To maintain the Hill Farm grounds as the
In general, the supply of water in the Tucson area is not expected to increase in the
future; in fact, under Tucson Water’s best case scenario which includes a 10% per capita
decrease in potable water use, demand exceeds resources by 2023.
2010 Summary of Groundwater Conditions in HF Area
A report from Consulting Hydrologist Chuck Dickens, ordered in 2010 by the Hill Farm
board, finds that groundwater level conditions in the Hill Farm area have remained
reasonably stable since measured in 2004.
The report compares data recorded at Hill Farm’s well in 2004 versus current readings
and concludes that there has been little change. Groundwater levels ranged between
150 and 175 feet when measurements were taken both in 2004 and in 2010.
The report also cites readings taken by the City of Tucson at two groundwater well
locations within a mile of Hill Farm. These readings have also been stable during the last
five to six years, supporting the reliability of the Hill Farm readings.
A copy of the full report is included in the appendix as is a copy of a more extensive
report prepared by Mr. Dickens for the board in 2004.
See Appendix A: Letter from Chuck M. Dickens, Consulting Hydrologist, to HFHOA, April
6, 2010, Re: Summary of Historic & Current Groundwater Level Conditions – Hill Farm
Area.
See also Appendix C: Well Capacity Evaluation, Hill Farm Development, November 12,
2004, Chuck M. Dickens, Consulting Hydrologist.
The Horticulture Report
The Horticulture Report on Hill Farm Water Usage was commissioned by the board and
prepared by Horticulture Unlimited. Dated August 14, 2009, the report makes certain
recommendations for Hill Farm’s current and future water usage.
A primary recommendation calls for the removal of all existing lawn areas from house
front yards. It also proposes reducing grass in the common areas and removing all grass
from the mesquite bosque on the south side of the lake.
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The report forecasts that water cost and usage without changes have only one way to
go and that is up. It projects that the cost of city water will go up and that the flat cost
per CCF which Hill Farm’s HOA has enjoyed might in the future be changed to a rate
similar to that of a residential user. That being the more you use the higher cost per
each CCF.
Besides water being needed for irrigation purposes, the report points out that the lake
uses 17,000 gallons of water for every ¼ inch of evaporation.
During summer months, when the well water system is operating at full capacity, it can
produce 1,500,000 gallons per month. However, according to the report, this amount is
insufficient to provide needed water to lawns and the lake. Consequently, the HOA
needs to buy between 300,000 and 600,000 additional gallons from the city.
If the grass areas cited in the report were to be removed, there would be a sufficient
supply coming from Hill Farms’ well and it would not be necessary to buy city water.
The report includes other recommendations, including those for installation of poly lines
and making improvements to the irrigation system.
A copy of the full report is contained in the appendix to this report. See Appendix B:
Report from Horticulture Unlimited prepared for the Hill Farm HOA, August 14, 2009.
Well Capacity Evaluation
In November 2004, the Hill Farm Home Owners Association (HFA) board commissioned
Chuck M. Dickens, a licensed geologist, to draw up a hydrogeologic report to evaluate
the association’s supply well and its ability to meet water demands related to irrigation
of common areas, front yard landscape and periodic topping off of the Hill Farm lake.
Using data from late May thru early November, 2004, provided by Wally Austin and
information gathered from nearby private and City of Tucson wells, the report is found
as Appendix A of this document and concluded:
y

y

y

The Hill Farm well should be capable of pumping the maximum legal volume of
groundwater water allowed, 35 gallons per minute, which equates to 50,000
gallons per day.
Groundwater levels would have to decline an additional 50 feet before the Hill
Farm well would not be capable of pumping the legal volume limits. Historic
water level data in the vicinity of the Hill Farm development indicate that
regional groundwater levels have been stable for the previous years (prior to
2004) and have not exhibited a declining trend such as steadily occurred from
the 1960s thru the mid 1990s.
Estimated monthly water use rates indicate that the Hill Farm well should be
capable of meeting water demands required for each month, except during the
peak water use months of May, June and July. Only during these three months
should City water be required to supplement the Hill Farm well. Estimated water
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y

use rates indicate that some City water would probably be required to meet
peak day demands occasionally during August and September.
The highest water use occurs in June when the daily average approaches 80,000
gallons. The maximum peak day water use during June 2004 was about 103,000
gallons. Landscape irrigation accounts for about 70% of the total water use.
Refilling of the Lake accounts for about 30%.

Other recommendations in the report include:
y

The board should continue tracking meter readings for the well and the
delivered City water.

y

Consider purchasing a water level sounder to periodically monitor water levels in
the well.

y

The irrigation of landscape and refilling of the lake should be based on a “water
application plan”. The plan should provide strategies for refilling of the lake
during non‐irrigation periods. The plan should also provide strategies for the
irrigation of common areas by discrete zones or sections instead of all at the
same time, or alternated to prevent excessive short term peak water demands
which are beyond the capacity of the well and the storage system. This plan
could eliminate the need for expensive City water during all months except May,
June and July and occasionally August and September. A reduction in irrigation
water demand of only five to ten percent could eliminate the need for any City
water during the months of August and September, assuming an effective water
application plan is implemented. This minimal reduction in overall landscape
irrigation along with the implementation of a “water application plan” would
also reduce excessive peak day demands occurring in May thru July. A five to ten
percent reduction in landscape irrigation requirements could probably be
achieved without the removal of any existing landscape.

y

Consideration should be given to installation of an additional 5,000 gal. storage
tank adjacent to the existing storage tank. (Note: An additional 4,000 gal.
storage tank was installed in Nov. 2010 when the original storage tank sprung a
leak and was replaced). This additional tank would reduce the volume of
delivered City water required during short term peak demand periods during the
summer months.

y

In the event that water levels were to decline an additional 50 feet, one option
for increasing (re‐establishing) the capacity of the well would be to redevelop
the well to it’s original reported depth of 335 feet and install a 5‐ inch PVC
casing. The current (2004) depth is 275 feet indicating that more than 50 feet of
the well bottom may have filled in with sediment. Increasing the well depth by
50 feet would probably negate reductions in well capacity due to any future
water level declines.

y

An option for totally increasing the capacity of the Hill Farm water system to
meet both the irrigation and lake refilling water demands, even during the
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summer months, would require the installation of a second supply well located
adjacent to the lake. However, the installation of a second well does not appear
to be an option due to City of Tucson and state water regulations. (See separate
report entitled Hill Farm’s “Second Well as Appendix F, a fax from C. Dickens to
W. Austin dated December 6, 2004.)
Hill Farm Well Site and Irrigation Pumps
The Hill Farm Well Site & Irrigation Pumps provide the neighborhood with water for
maintenance of the lake, common areas, and individual front yards.
The source of the water is primarily the Hill Farm private well which is supplemented
with expensive city water during the summer months.
Water is pumped from the well into two 4000 gallon storage tanks (supplemented with
city water as necessary) and then pumped into the smaller pressure tank by one or two
pressure pumps. Pressurized water is supplied to the irrigation system.
A feed from the irrigation main supplies top‐up water for the lake.
This document describes each component in the system and how it functions, including:
water sources, tanks (one storage, one pressure), pumps, electrical controls, pump
starters, and valves & components. A schematic diagram is included.
A copy of the document is included as Appendix D (currently missing).
Hill Farm Lake Maintenance
This document summarizes components of the Hill Farm Lake and associated issues.
The lake has a perimeter of 1854 linear feet, a surface area of 2.54 acres, and a
maximum depth of 16 feet. The lining consists of several layers of clay and soil cement
and has a minor problem with tree roots perforating the lining although no significant
leakage.
Other elements of the Lake Maintenance system include: Water re‐circulation, the
pump stations, strainer baskets & frame, grates, pump controls, pump service, top‐off
water, top‐off control valves, minimum water level, city water conservation, lake
overflow, concrete dock, chemicals currently used, acute algae problems, as well as Fish,
Mosquitoes, and Feeding of Fish & Ducks.
A map of Hill farm is included with this document as Appendix E (currently missing).
Hill Farm’s ‘Second Well’ — A Brief History
In response to a request from the Hill Farm board in 2004, Consulting Hydrologist Chuck
Dickens provided documents detailing the history of Hill Farm’s “second well,” which
was long ago abandoned.
In addition to Hill Farm’s sole and primary well located at the east entrance to Hill Farm,
there was once a second well located where 5170 E. Woodgate Lane is currently
situated.
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Records of the Arizona Department of Water Resources (ADWR) show that this well was
abandoned in 1979.
Specifically, the ADWR’s records show that on Aug. 12, 1946, Dr. Donald Hill filed a
registration for an irrigation well. A drilling contractor had drilled the well to a depth of
150 feet with a discharge rate set at 500 gallons per minute. The report notes that the
well was actually drilled in 1941 and had never been issued a license by ADWR.
On Dec. 17, 1981, Tom Doucette registered the well on behalf of The Akins Company
and noted that the well was located on Lot 24 of the Hill Farm Subdivision. Principal use
was listed as landscape irrigation.
On Jan. 6, 1989, ADWR received a notice of abandonment of the well from Carma
Arnold of SW Service Corp., Hill Farm’s property management contractor. The notice
declared that well was abandoned in 1979, but provided few details as to the methods
and materials used to abandon the well.
In 2010, Board President Peter Bleasby advised the Long Term Planning Committee that
in his subsequent conversations with Chuck Dickens about this issue that given the
history of the well combined with current conservation restrictions it was plainly clear
that there exists no possibility of reopening a second well.
Additional information is included as Appendix F, a report entitled Hill Farm’s Second
Well, a fax from C. Dickens to W. Austin dated December 6, 2004.
History of Utilities Bills
Although the bulk of Hill Farm’s current water needs are met by our private well, there
are periods, particularly during the summer months, when our own supplies are not
sufficient to meet such needs. In those instances, Hill Farm must rely on supplemental
city water, purchased at ever‐increasing cost.
Despite massive efforts to conserve, such purchases nevertheless annually run into the
thousands of dollars. During the 2010 calendar year, $4,190 was spent purchasing
supplemental city water.
Although the figure is near an all‐time low in such expense, it should be noted that early
in the 2010 calendar year the cost for city water, priced at rates extended to commercial
users, was approximately $1.60 per cubic centimeter foot.
In the ensuing months, there were two (2) price increases and as of May, 2011 the rate
had jumped to $2.29 per ccf.
In all of our interviews and research, the Long Range Planning Committee did not
encounter a single individual or citation or reference that forecast a reduction of this
price in the future.
Bottom line gathered from our research: The cost of city water can only increase.
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A copy of the complete history of Hill Farm’s utilities bills is contained in this document
as Appendix G. Although the history includes gas and electric bills, our purpose in this
report is to focus exclusively on the water bills.
Lawn Conversions
Since the mid‐1990s the Hill Farm board has been converting front lawns from grass to
xeriscape. In most instances the conversions were supervised and paid for from the Hill
Farm treasury, and in a few cases the costs were absorbed by the homeowner.
In all instances, the conversions were voluntary.
Although it has been the policy of the board to convert front lawns to xeriscape since
circa 1995, complete data isn’t available for periods during the 1990s. Best estimate
from those who participated or supervised is that approximately eight grass front yards
were converted during the period leading up to the year 2000.
After that, records are available. Taking into account the eight conversions during the
1990s and adding those recorded since that time, it appears that the sum total of front
yards fully converted from grass to xeriscape is 26. Additionally, four front yards were
partially converted.
The board maintains a list of homeowners who voluntarily request conversion of their
front yards. Most years, funds for yard conversions are budgeted by the board and
several conversions take place.
While it is difficult to assess exactly how much water is saved by these conversions, a
xeriscape conversion study funded in part by the U.S. Bureau of Reclamation reports
that turf receives an average of 73 gallons per square foot annually (117.2 inches) while
xeriscape receives on average just 17.2 gallons (27.6 inches) each year (only 23.6% of
the amount of water applied for turfgrass maintenance). The figures were provided by
the Southern Nevada Authority.
In addition to savings in water costs to Hill Farm, the conversions also saved the
homeowners association the extra cost of landscape labor for each house that doesn’t
require mowing every few weeks.
Meanwhile, several homeowners are on the waiting list for conversions and the number
of homes where grass remains in the front yard is continually being reduced.
Excerpted material and data from the Southern Nevada Water Authority’s xeriscape
conversion study is included in this document as Appendix H.
Reclaimed Water
Our committee spoke with Bernadette Gowler, a City of Tucson water department
engineer, regarding the availability and expense of supplying Hill Farm with reclaimed
water. After receiving details from us, including point of connection, heaviest volume by
day, and average usage per day, Ms. Gowler returned the following information:
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y

There is a 30‐inch wide reclaimed water main that runs west to east along Glenn
Street between Swan Road and Craycroft Road. (see attached map). Off this 30‐inch
main, there is a 6‐inch tap that runs north, parallel to Beverly Street. This branch line
reduces significantly to a 1 ½ inch to 2‐inch line to feed the green areas along Fort
Lowell Road. At this reduced size, the reclaimed water line is insufficient to meet
Hill Farm’s needs.

y

It is approximately 2,400 to 2,800 linear feet from the 6” line to the point of
connection at our well at the northeast corner of Fort Lowell Road and Willow Creek
Drive. Ms. Gowler’s “ballpark” estimate based on price per foot is between $150,000
and $200,000. This cost would be the responsibility of Hill Farm.

y

Ms. Gowler said she is unable to give us a precise quote on a job this large. The City
of Tucson will not do a job like this for a private entity. We would need to contract a
mechanical engineer to draw up plans and submit them to the city for approval and
permits. Then we would have to put the job out for bid to contractors.

y

It should also be pointed out that reclaimed water systems are usually cost double
the expense of normal potable water systems due to stringent federal regulations.

y

Also, reclaimed water can only be used for irrigation purposes. It cannot be fed into
the lake.

A map of the areas discussed is located in Appendix I: Feasibility of Supplying Hill Farm
with Reclaimed Water.
Well and Pump Station Service Report Forms
These forms are completed monthly by the water manager and/or Horticulture
Unlimited, and then submitted to the Chairman of the Public Works Committee by the
7th of each month.
The Well/Irrigation Pump Station report includes check boxes for specific elements of a
general inspection as well as numerical entries for pressure and current in the three
pumps and compressor. Similarly the Lake Pump Station report includes check boxes for
elements of a general inspection as well as pressure and current in the two pumps at
this station.
Copies of these documents are included as Appendix J (currently missing).
Pump Service Agreement
This document is an agreement between R&R Waterworks and the Hill Farm
Homeowners Association to perform tasks related to maintenance of the Lake Pumps (2
Gould 5HP circulating pump sets) and Irrigation Pumps (3 submersible well pumps and 2
7.5 HP Berkeley pressurizing pumps).
The scope of work describes monthly, quarterly, and annual tasks including inspection,
cleaning, maintenance, and reporting.
A copy of the document is included as Appendix K (currently missing).
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Synthetic Grass
As the cost of water rises in Tucson, and as an alternative to the high cost of watering
and maintaining natural grass in common areas at Hill Farm, one option is the
installation of synthetic grass.
Synthetic grass is produced by a number of manufacturers, each of whom extol the
benefits of their products. The artificial turf industry has an association, the Synthetic
Grass Council, which provides information regarding the manufacture, testing, and
installation of artificial grass.
Some findings from the SGC:
y
y

y
y
y

According to the EPA, over one‐third of residential water is used for lawn irrigation
nationwide, totaling over 4 billion gallons of water a day.
The Southern Nevada Water Authority estimates that every square foot of natural
grass replaced saves an additional 55 gallons of water per year. The average lawn is
1,800 square feet, so the average home with synthetic turf saves 99,000 gallons of
water each year.
According to the EPA, a 3.5 horsepower gas‐powered lawn mower releases the same
amount of air polluting emissions in one hour as a new car driven 340 miles.
Over 17 million gallons of gas and oil are spilled each year from refueling lawn
equipment; that is more oil than is spilled by the Exxon Valdez.
The EPA has identified runoff of toxic pesticides and fertilizers as a principal cause of
water pollution. Synthetic turf eliminates the need for pesticides and fertilizers.

Average cost for artificial turf, including installation, is about $9.00 per square foot
compared to $2.00 per square foot for natural grass.
However, the cost for annual maintenance of artificial turf is $350 a year for 1,000
square feet while natural grass requires $2,720 for the same area. Amortized over a
period of 12 years, the total cost of the artificial turf is $13,200 compared to $32,640 for
the natural grass.
Although installation of synthetic grass cannot be recommended for large expanses of
common area, such as the common area along the north bank of the lake, it might in
certain instances be suitable for replacing natural grass in smaller locations, such as the
area around the front of the Farmhouse.
An unabridged version of this report, complete with a cost comparison chart is found in
Appendix L: Synthetic Glass, report by S. Merski, 2010.
Wireless Irrigation Control System
A Wireless Irrigation Control System (WICS) is a state‐of‐the‐art water management
system that uses the Internet and up‐to‐the‐minute weather conditions to regulate
exactly when is the optimum time to water landscaping, saving water by not watering
during rainy cycles and on windy days.

12 | H i l l F a r m L o n g R a n g e P l a n n i n g C o m m i t t e e R e p o r t , 1 0 / 1 1

Using a computer through the Internet, signals are sent to wireless controllers at each
zone valve regarding real time weather conditions. The computer has the ability to
override previous instructions to irrigate, based on existing soil moisture, wind, or other
conditions where vegetation does not require water. The computer also can be used to
monitor the well and all pumps, sending an alarm if something in the system fails.
The above is an explanation from the AccuWater pamphlet, one of the primary
manufacturers of this technology:
After installation, the administrator may access the account online to customize the
system with type of grass, plant types, shade, slope, local water restrictions and other
information. AccuWater™ blends this profile with National Weather Service local
forecasts and recent local weather patterns. The AccuWater system also responds to
local weather changes, for example rainfall and high winds, controling watering
accordingly.
Every minute, the controller communicates with the data center to exchange weather
observations and to receive irrigation instructions. What makes the controller
extraordinary is its ability to decide if the instructions given need to be altered because
of real‐time local weather. If the provided instructions need to be adjusted due to
temperature, wind or rain, the controller makes the adjustments and the actual
irrigation history is sent back to the data center for use in future calculations.
The plug and play controller is managed completely from the web browser and
automatically receives software updates as they become available.
Water for Tucson’s Future Long Range Water Plan, 2000 ‐ 2050
The original report, published in 2004, and this update, issued in 2008, explore scenarios
in which the community served by Tucson Water has the water resources available to
provide a long‐term, sustainable water supply.
Three initiatives are identified as necessary for Tucson Water to ensure sustainable
growth:
y
y
y

Fully utilize available renewable water resources
Expand conservation efforts to optimize efficient water use
Acquire additional water supplies

Three water resource challenges were also identified:
y
y
y

Limited supply of water
Population growth
Long term drought conditions

Three areas where progressive steps have been taken with notable results:
y
y

Water conservation
Improving water distribution system efficiency
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y

Drought preparedness

Population Projections:
The Obligated Area population is estimated to increase from 638,936 in 2000 to
approximately 990,000 in 2030 and to just over 1.1 million by 2050. The Potential
Service Area population is estimated to be about 1.1 million in 2030 and almost 1.3
million in 2050.
The report looks in detail at four water management scenarios involving two different
service areas and two different levels of “demand management”.
Scenario A: Obligated area of service, with additional demand management. Best Case.
Under this scenario, the utility’s total water demand is projected to increase
from 128,141 acre feet in 2000 to approximately 180,000 acrefeet in 2030 and to
about 215,000 acre feet by 2050.
Even with a per capita reduction in consumption of 10% by 2030, the projected
potable demand would exceed the sum of the City’s annual Central Arizona
Project allocation, its Incidental Ground‐Water Recharge increment, and its
annual Central Arizona Ground Water Replenishment District contracted volume
by about year 2032.
Scenario B: Potential service area, without additional demand management
Scenario C: Potential service area, with additional demand management
Scenarios B and C are indistinguishable in terms of projected water demand and
represent a mid‐range increase in water demand through 2050.
Scenario D: Obligated area of service, without additional demand management. Worst
Case. Under this scenario, the utility’s total water demand is projected to
increase to approximately 220,000 acre‐feet per year by 2030 and about 255,000
acre feet by 2050.
With scenario D, we exceed the sum of the City’s annual Central Arizona Project
allocation, its Incidental Ground‐Water Recharge increment, and its annual
Central Arizona Ground Water Replenishment District contracted volume by
about 2017.
Tucson Water recommends that the resource planning priority be placed on developing
additional renewable resources such as the City’s effluent supplies, additional imported
supplies or a combination of both.
Under the best case scenario, which includes a 10% per capita decrease in potable water
use, demand exceeds resources by 2032 and the additional renewable resources are
imperative.
The complete copy of the City’s 2008 update is included as Appendix N: Water for
Tucson’s Future, Long Range Water Plan 2000 – 2050, Tucson Water, City of Tucson, AZ.
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Recommendations of Previous LRPC
In 2009, the outgoing Long Range Planning Committee, comprised of three members,
Stewart Sherard, Bob Lloyd and Josh Tofield, chair, transmitted a letter containing
various recommendations to the board. The letter included a substantial number of
recommendations related to water usage.
In addition to obtaining a copy of the letter, which is included as Appendix O of this
document, this committee interviewed Josh Tofield and invited him to expand on
portions of the letter related to water usage issues.
The letter recommends that a long term goal for water and electricity conservation be
adopted. It urges that immediate measures be taken to reduce water and electricity
usage.
It also recommends that a comprehensive plan for dealing with an out‐of‐date and
deteriorating irrigation system be developed.
The letter asserts that water is currently being wasted by trying to maintain excessive
amounts of grass, particularly in areas where grass cannot thrive or adds little to an
aesthetic appearance.
It points out that reclaimed water is not an option for augmenting our well water. It
cites the cost of bringing reclaimed water to Hill Farm as prohibitive. This coincides with
information independently obtained by this committee (see report summary entitled
“Reclaimed Water.”
In our interview conversation with Josh Tofield, he reiterated his committee’s concern
for wasting water and the need to reduce Hill Farm’s grass areas.
He also expressed concern that the group’s recommendations were not immediately
acted upon by the board.
As previously noted, the full text of the committee’s letter to the board is included with
this document as Appendix O: Report to Hill Farm Board, J. Tofield and S. Sherrard.
Strategic Reserve Study
Hill Farm’s strategic reserve plays a key role in the association’s overall water picture.
For example, in the last quarter of 2010, a major expenditure became necessary when
the holding tank at the well head sprung a leak and required replacement.
At the time, it was decided to also replace an aging pressure tank and install an auxiliary
holding tank.
Without having the needed funding in the strategic reserve to pay these costs, there
would have been great difficulty in financially managing this problem. At the time this
report was being prepared, the full cost of the replacements and repairs was not yet
known though the amount was in the several thousands of dollars.
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According to a reserve study report prepared for the association in 2008, a fully funded
and adequate reserve account would be $204,649. At the time, the actual balance was
$118,000.
The report recommended allocating $42,101 for the reserve account annually to bring it
up to the recommended amount.
Because the availability of an adequate water supply is critical to Hill Farm and there
exist numerous possibilities and contingencies that are tied directly to water, the
importance of an adequate emergency fund cannot be overstated.
Any issue ranging from a well running dry to a breakdown of a pump can instantly
become a financial problem as well as a logistic problem. That’s where a well‐funded
strategic reserve comes into play.
A copy of the reserve study is included with this document as Appendix P: Security of a
Successful Plan, A Reserve Study for Hill Farm HOA. Prepared by Strategic Reserves,
Temecula, CA, January 3, 2008.
Options ‐ Worst Case Scenario
If at some time in the future well water becomes unavailable, there exist a range of
options for maintaining Hill Farm’s unique character, however without its lake.
This could occur if (1) the State of Arizona revoked all grandfathered private well
permits or (2) if the water table dropped drastically to a point where drilling Hill Farm’s
well deeper wouldn’t yield satisfactory results.
In either event, Hill Farm would be forced to rely solely on city water.
Should that occur, the cost of providing water to the lake and to all plants, trees and
grass would be prohibitive and more likely unavailable in such large volume due to
various restrictions. Currently, the City of Tucson imposes sharply stepped up charges
per cubic centimeter foot when residents exceed 15 ccfs per month, and it’s a safe bet
that by the time such extreme shortages might occur that even more severe restrictions
would be in place.
It should also be noted that in a separate report contained herein, entitled Reclaimed
Water, it is pointed out that reclaimed water can only be used for irrigation purposes. It
cannot be fed into the lake. The report also notes that the cost of installing a line to
bring reclaimed water into Hill Farm is prohibitive.
The options for coping with such circumstances require drastic changes and numerous
dislocations and discomfitures.
The first and major step requires conversion of the lake from a body of water to a dry
land garden. After draining of the lake, the deep areas near the middle would require
landfill. Subsequently, additional overall filling might be required to bring the level to up
to surrounding ground level. Drainage would also need to be considered.
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The end product would resemble an area similar to the Parade Ground, located in a
subdivision adjacent to Hill Farm’s western boundary. The Parade Ground is filled with
drought‐resistant vegetation and provides an attractive centerpiece for the upscale
development. The Parade Ground could serve as a role model for conversion of Hill
Farm’s lake, though wide latitude exists for other creative plans.
Since between 60 and 70 percent of Hill Farm’s current water use is earmarked for the
lake, the abovementioned strategy would contribute substantially toward relieving
demand.
Additionally, all grass would need to be removed and those few homeowners who want
to retain their front lawns would be required to switch their irrigation systems to their
own water meters. All other lawns that haven’t yet been converted to xeriscape would
be converted immediately.
All grass in the common areas would also be removed and replaced by xeriscape. An
exception might be to install artificial turf in front of the Farmhouse.
Irrigation of all trees in front yards would be switched to homeowners’ water meters.
Only trees and xeriscape plants growing in common areas would be irrigated by the
homeowners association. Consequently, those would constitute the total cost of city‐
purchased irrigation water, an amount that likely would be affordable to the
homeowners association, though most probably at an increased cost.
Although, the above projections and recommendations fall into the area of possible
worst case scenarios and it is uncertain if and when these might occur, one thing is
certain. There will not come a time in Tucson when there will be more water available.
As for when additional shortages and restrictions might occur, it will depend on such
issues as the level of annual winter snowpacks in the Rocky Mountains, future
population growth in Pima County and other issues yet to be foreseen.
Important Facts
y
y
y
y
y
y
y
y
y
y
y
y
y

Two gallons is the amount of water that a regular bucket or watering can holds.
Two million gallons per month is consumed by irrigation in Hill Farm from June
through September.
15% is used for plants and trees.
25% tops off the lake.
60% waters the grass in front yards and common areas.
Over 50 valves and 12 timers control the watering schedules.
Six days per week, grass is watered; the dry day is reserved for mowing.
24 hours every day something, somewhere in Hill Farm is receiving water.
1.5 million gallons is the maximum monthly permitted capacity of our well.
0.5 million gallons per month, approximately, has to be purchased from the city.
748 Gallons (1 ccf) of city water now costs the association $3.04.
Five million gallons is the estimated capacity of the lake when full.
60,000 gallons will raise the lake by one inch.
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y
y
y

I/4 inch or 15,000 Gallons is evaporated from the lake on a hot dry day.
Two more front yards have been converted from lawn to xeriscape this spring.
Twice daily on average, our water manager or other member of the board checks
up on the water system and lake level.

Source: Hill Farm Newsletter, July 2011
Appendices
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Appendix A: Letter from Chuck M. Dickens, Consulting Hydrologist, to HFHOA, April 6,
2010, Re: Summary of Historic & Current Groundwater Level Conditions – Hill Farm
Area.
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Appendix B: Report from Horticulture Unlimited prepared for the Hill Farm HOA, August
14, 2009.
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Appendix C: Well Capacity Evaluation, Hill Farm Development, November 12, 2004,
Chuck M. Dickens, Consulting Hydrologist.
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Appendix D: Well Site and Irrigation Pumps (currently missing)
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Appendix E: Hill Farm Lake Maintenance (currently missing)
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Appendix F: Hill Farm’s “Second Well, a fax from C. Dickens to W. Austin dated
December 6, 2004.
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Appendix G: Excel Chart of Hill Farm Utility Usage (currently missing)
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UTILITIES

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

ELECTRIC
2007
316
762
962
1,547
1,703
1,577
1,509
1,571
1,392
1,285
1,480
1,491
15,595

2008
1,509
1,416
1,749
1,928
1,741
1,659
1,586
1,526
1,508
772
807
751
16,952

2009
707
640
707
1,042
1,210
1,512
1,493
1,585
1,716
1,454
1,289
1,454
14,809

2010
838

2008
192
346
125
376
1,027
677
162
161
99
107
840
1,234
5,346

2009
2,004
553
163
459
739
291
334
64
60
301
881
211
6,060

2010
268

167
876
1,564
6,378

GAS
2007
1,764
814
237
510
830
355
157
136
162
195
832
235
6,227

2006
106
133
163
162
295
2,224
2,584
3,231
1,242
165
85
87
10,477

WATER
2007
82
65
59
65
67
978
2,941
1,777
935
1,458
1,782
232
10,441

2008

2009
112
94
119
207
626
517
1,189
983
1,443
1,533
963
180
7,966

2010

2003
1,599
1,599
1,599
1,599
1,599
1,599
1,599
1,599
1,725
1,725
1,725
1,725
19,692

2004
1,725
1,725
1,725
1,725
1,725
1,669
1,852
1,852
1,852
1,852
1,852
1,852
21,406

2005
1,852
1,852
1,852
1,852
1,852
1,852
1,852
1,852
1,852
1,852
1,791
1,906
22,217

2006
1,906
1,906
1,906
1,906
1,906
1,906
1,906
1,906
1,920
1,920
1,920
165
21,173

2003
1,501
839
554
227
278
392
204
125
123
127
363
873
5,606

2004
1,393
455
292
332
516
267
122
90
141
215
626
1,473
5,922

2005
1,631
555
230
517
722
514
112
83
85
219
869
1,162
6,699

2006
1,254
426
71
115
461
608
836

2003

2004
105
49
49
64
235
1,506
2,923
1,777
687
420
220
77
8,112

2005

57
104
75
90
211
1,109
1,875
2,658
1,175
504
313
129
8,300

74
44
58
58
82
188
1,167
1,219
84
277
663
135
4,049

58
59
78
180
539
1,316
1,249
623
495
835
348
124
5,904

838

268

86

86

Water Bills only, with 2010 update
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

6115
4325
3974
7921
4406
5373
6692

8330
8112
4049
10477
10441
5904
7996
4190

Appendix H: Xeriscape Conversion Study, Final Report, 2005, by K.A. Scovool, Southern
Nevada Water Authority.
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Abstract
The authors present a manuscript covering the Southern Nevada Water Authority’s
(SNWA) multi-year Xeriscape Conversion Study, which was funded in part by the
Bureau of Reclamation - Lower Colorado Regional Area1.
Xeriscape (low-water-use landscaping) has held the promise of significant water savings
for a number of years, but how much exactly it can save, especially as a practical
residential landscape concept has been a point of debate and conjecture. Lacking to date
has been a truly experimental quantitative study in which per-unit area application data
has been gathered to quantify savings estimates (for a variety of reasons, most research
has been limited to the total household level, with comparisons involving homes that are
mostly xeriscape or traditional landscaping). Recognizing the need for more exacting
(and locally applicable) savings estimates, SNWA conducted a study that could yield
quantitative savings estimates of what a xeriscape conversion facilitation program could
yield under real world conditions.
The experimental study involved recruiting hundreds of participants into treatment
groups (a Xeric Study and a Turf Study Group and control groups), as well as the
installation of submeters to collect per unit area application data. Data on both household
consumption and consumption through the submeters was collected, as well as a wealth
of other data. In most cases, people in the xeric study group converted from turf to
xeriscape, though in some cases recruitment for this group was enhanced by permitting
new landscapes with xeric areas suitable for study to be monitored. Portions of xeric
areas were then submetered to determine per-unit area water application for xeric
landscapes. The TS Group was composed of more traditional turfgrass-dominated
landscapes, and submeters were installed to determine per-unit area application to these
areas as well. Submeter installation, data collection, and analysis for a small side-study
of multi-family/commercial properties also took place.
Results show a significant average savings of 30% (96,000 gallons) in total annual
residential consumption for those who converted from turf to xeriscape. The per-unit
area savings as revealed by the submeter data was found to be 55.8 gallons per square
foot (89.6 inches precipitation equivalents) each year. Results showed that savings
yielded by xeriscapes were most pronounced in summer. A host of other analyses
covering everything from the stability of the savings to important factors influencing
consumption, to cost effectiveness of a xeriscape conversion program are contained
within the report.
An abbreviated summary of the report’s findings appears as the Executive Summary
and Conclusions section (pg. 60).

1

This report with written and electronic appendices satisfies a deliverables requirement pursuant
the applicable funding agreement with the Bureau of Reclamation (Cooperative Agreement #5FC-30-00440). SNWA gratefully acknowledges BOR for its funding assistance with this project.
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Keywords: water conservation, xeriscape, xeric, landscape conversion, desert landscape
low-water-use, plants, landscape, irrigation, residential water consumption, outdoor
water use, submeter, irrigation controller, resource conservation, incentive programs,
utility, water resources.
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Introduction and Background
XERISCAPE AND WHAT IT MAY MEAN FOR WATER CONSERVATION
In the Mojave Desert of the southwestern United States, typically 60 to 90% of potable
water drawn by single-family residences in municipalities is used for outdoor irrigation.
Thus, in this region, and indeed most of the entire Southwest, the most effective
conservation measures are oriented towards reducing outdoor water consumption. A
commonly considered method for accomplishing water conservation is to use xeriscape
(low-water-use landscaping) in place of traditional turf. Xeriscape is based on seven
principles:
•
•
•
•
•
•
•

Sound Landscape Planning and Design
Limitation of Turf to Appropriate Areas
Use of Water-efficient Plants
Efficient Irrigation
Soil Amendments
Use of Mulches
Appropriate Landscape Maintenance

The term “xeriscape” was invented by Nancy Leavitt, of Denver Water (a public utility)
in the early 1980s as a fusion of the Greek word “xeros” (meaning dry or arid) and
landscape. Denver Water trademarked the term shortly thereafter though it has entered
the English vernacular over the last 20 years as the concept has spread globally.
So promising was xeriscape, that water purveyors and others interested in conservation
began actively promoting xeriscape in place of traditional landscape as early as the
mid-80s as part of water conservation strategies. The need to better understand its true
effectiveness as a conservation tool led to a host of studies being conducted in the 1990s,
which have generally pegged savings associated with xeriscape at between 25% and 42%
for the residential sector (Bent1 1992, Testa and Newton2 1993, Nelson3 1994, Gregg4
et al. 1994). The variation in savings estimates is due to a large number of factors
ranging from the different climates of each study locality, different local definitions of
xeriscape, and different study methodologies employed.
The work done to this point has greatly advanced the water conservation community’s
ability to evaluate, modify, and justify programs to encourage the use of xeriscaping as an
integral component of water conservation plans. Utilities, water districts, cities, counties,
and states are beginning to promote xeriscape as a cost-effective, mutually beneficial
alternative to traditional turfgrass-dominated landscapes. Recently, this interest has
increased at the national level, and this study is part of that evolution. Interest is further
enhanced at the time of publication of this report due to a significant drought impacting
the Colorado River Basin and much of the western United States.
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NEVADA’S COLORADO RIVER RESOURCES AND THE SPECIAL IMPORTANCE OF
OUTDOOR WATER CONSERVATION
The Colorado River serves as the lifeblood for many of the communities of the
southwestern United States, permitting society to flourish, despite the harsh, arid
conditions that often define it. It serves the needs of millions within the region and its
yearly volume is entirely divided up by the Colorado River Compact5 and subsequent
legislation and legal decisions, known as the “Law of the River” that specify allocations
for each of the states (and Mexico) through which it flows. Among other things, the
Bureau of Reclamation – Lower Colorado Region (BOR-LCR) is charged with
maintaining an adequate and established allocation of water for each of the states in the
arid Lower Basin. Since water demand management is ultimately accomplished at local
levels, BOR-LCR actively partners with entities that divert Colorado River water to
encourage conservation. In southern Nevada, the major regional organization meeting
this criterion is the Southern Nevada Water Authority (SNWA).
In 1991 the SNWA was established to address water on a cooperative local basis, rather
than an individual water purveyor basis. The SNWA is committed to managing the
region’s water resources and developing solutions that ensure adequate future water
supplies for southern Nevada. The member agencies are the cities of Boulder City,
Henderson, Las Vegas, North Las Vegas, the Big Bend Water District, the Clark County
Water Reclamation District, and the Las Vegas Valley Water District. As southern
Nevada has grown into a metropolitan area and a world-famous vacation destination, so
too have its water needs. The SNWA was created to plan and provide for the present and
future water needs of the area.
Five different water purveyors provide potable water to most of Clark County. Big Bend
Water District provides water to the community of Laughlin; the cities of Boulder City
and Henderson provide water to their respective communities. The Las Vegas Valley
Water District provides water to the City of Las Vegas and portions of unincorporated
Clark County; the City of North Las Vegas provides water within its boundaries and to
adjacent portions of unincorporated Clark County and the City of Las Vegas. The
SNWA member agencies serve approximately 96% of the County’s population.
Southern Nevada’s climate is harsh. The Las Vegas Valley receives only 4.5 inches of
precipitation annually on average, has a yearly evapotranspirational (ET) water
requirement of nearly 90 inches, and it is one of the fastest growing metropolitan areas in
the United States. Clark County, the southernmost county in Nevada, has a population in
excess of 1.6 million people and has been experiencing extremely strong economic
growth in recent years with correspondent annual population growth averaging in excess
of 5% percent. The primary economic driver of Clark County’s economy is the tourism
and gaming industry, with an annual visitor volume in excess of 30 million people per
year. Today more than 7 out of every 10 Nevadans call Clark County home.
Consumptive use (use where Colorado River water does not return to the Colorado River)
is of paramount interest to SNWA (specifically, consumptive use is defined by SNWA as
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the summation of yearly diversions minus the sum of return flows to the River). A 1964
Supreme Court Decree in Arizona v. California verified the Lower Basin apportionment
of 7.5 million acre feet (MAF) among Arizona, California, and Nevada, including
Nevada’s consumptive use apportionment of 300,000 acre feet per year (AFY) of
Colorado River water as specified initially in the Colorado River Compact5 and
Boulder Canyon Project Act6. Return flows in Nevada consist mainly of highly treated
Colorado River wastewater that is returned to Lake Mead and to the Colorado River at
Laughlin, Nevada. With return flow credits, Nevada can actually divert more than
300,000 AFY, as long as the consumptive use is no more than 300,000 AFY (see diagram
below). Since Colorado River water makes up roughly 90% of SNWA’s current
water-delivering resource portfolio, it means that in terms of demand management,
reduction of water used outdoors (i.e., water unavailable for accounting as return flow) is
much more important in terms of extending water resources than reduction of indoor
consumption at this point in time.

Diagram Showing Dynamic of Diversions, Return Flow Credits (from indoor uses)
and Consumptive Use

Since most of the SNWA (Authority) service area contains relatively scarce local
reserves (there are little surface or groundwater resources) and since, as explained above,
its Colorado River apportionment is limited, the organization has an aggressive
conservation program that began in the 1990s. The Authority has been committed to
achieving a 25% level of conservation (versus what consumption would have been
without conservation) by the year 2010 (note though that soon this goal will be revised to
probably be even more aggressive in the immediate future due to the drought). In 1995,
the SNWA member agencies entered into a Memorandum of Understanding (MOU)
regarding a regional water conservation plan. The MOU, updated in 1999, identifies
specific management practices, timeline, and criteria the member agencies agree to
follow in order to implement water conservation and efficiency measures.
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The programs or Best Management Practices (BMPs) listed in the MOU include water
measurement and accounting systems; incentive pricing and billing; water conservation
coordinators; information and education programs; distribution system audit programs;
customer audit and incentive programs; commercial and industrial audit and incentive
programs; landscape audit programs; landscape ordinances; landscape retrofit incentive
programs; waste-water management and recycling programs; fixture replacement
programs; plumbing regulations, and water shortage contingency plans. The BMPs
provide the framework for implementing the water conservation plan and guidance as to
the methods to be employed to achieve the desired savings.

THE RESEARCH STUDY
The potentially large water savings attainable with the broad-scale use of xeriscaping and
the fact that associated reductions are in consumptive-use water makes xeriscape of
paramount interest for both BOR and SNWA. For this reason, a partnership between
BOR and SNWA was formed to investigate the savings that could be obtained with a
program to encourage converting traditional turfgrass landscape to xeriscape. This was
formally implemented as a Cooperative Agreement7 in 1995. With its signing, a
multi-year study of xeriscape was born, which has come to be known as the SNWA
Xeriscape Conversion Study (XCS). As delineated in the most recent version of the
Scope (Appendix 1) for this agreement, the objectives of the Study are to:
•
•
•
•
•
•

Objective 1: Identify candidates for participation in the Study and monitor their
water use.
Objective 2: Measure the average reduction in water use among Study
participants.
Objective 3: Measure the variability of water savings over time and across
seasons.
Objective 4: Assess the variability of water use among participants and to identify
what factors contribute to that variability.
Objective 5: Measure the capital costs and maintenance costs of landscaping
among participants.
Objective 6: Estimate incentive levels necessary to induce a desired change in
landscaping.

SNWA assembled a team to support the XCS, and field data was collected through 2001
with the draft final report finished in 2004 (intermediate reports outlined some of the
major conclusions). By agreement, the SNWA agreed to provide the raw data collected
for possible use in national research efforts by BOR (data was included with the final
version of this manuscript submitted to BOR).
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Methodology
STUDY GROUPS AND MONITORING
The study team recruited participants who live in single-family residences within the
following entities’ water jurisdictions: The Las Vegas Valley Water District (77% of the
participants in the entire study group), Henderson (12%), North Las Vegas (9%), and
Boulder City (2%).
There are a total of three groups in the XCS, the Xeriscape Study (XS) Group, the Turf
Study (TS) Group, and a non-contacted Comparison Group. The XS Group is composed
of residents who converted at least 500 square feet (sqft) of traditional turfgrass to xeric
landscape as well as residents who installed new xeric landscaping. To clarify, in this
region, xeric landscaping is principally composed of a combination of desert-adapted
shrubs, trees, some ornamental grasses, and mulch (often rock). A $0.45 per square foot
incentive helped the property owner by absorbing some, but not the majority, of the cost
of the conversion. Homeowners were required to plant sufficient vegetation so that the
xeric landscape would at a minimum have 50% canopy coverage at maturity. This
avoided the creation of unattractive “zeroscapes” composed exclusively of rocks, which
could potentially act as urban heat islands. The incentive was capped for each residence
at $900 for 2,000 sqft; however, many residents converted more landscape than that
which qualified for the incentive with the cap. Indeed, the average area converted in this
study group was 2,162 sqft. A total of 472 properties were enrolled in the Study as
XS Group participants. Aerial photographs, supported by ground measures, were used
for recording areas. As a supplement to the main experimental group, 26 multi-family
and commercial properties were submetered as well.
In return for the incentive, XS Group residents agreed to ongoing monitoring of their
water consumption. This was accomplished in two ways. First, mainmeter data was
taken from standard monthly meter reading activity (this was for assessing water use at
the entire single-family residence level). Second, residents agreed to installation of a
submeter that monitored irrigation consumption on a portion of the xeric landscape.
Submeters were typically read monthly, as with mainmeters and were used to study
per-unit area application of water comparatively. The area monitored by the submeter
was called the Xeric Study Area. Study areas were tied to irrigation zones and stations.
Virtually all study properties have in-ground irrigation systems and controllers to avoid
the presence or absence of these as a major confounding factor. This experimental
control is important because it has been noted that the presence of automated irrigation is
highly associated with increased water usage for residential properties (Mayer and
DeOreo8 et al. 1999) apparently because such systems make irrigation more likely to
occur regularly versus hand-watering. Having participants in both groups possess
automated systems also avoids the potential bias of more heavily turf-covered properties
being more likely to be fully automated, thus having higher consumption as was the case
for Bent1 1992 (as identified in Gregg4 et al. 1994). All areas of each property were
broken down into landscape categories. For example, a XS Group property might have
monitored (via the submeter) xeric landscape and unmonitored xeric, turf, garden, and
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other (non-landscaped) areas. Square footages were recorded for each of these respective
area types.
In addition to water-consumption monitoring, residents agreed to a yearly site visit for
data-collection purposes. During site visits, information was collected on the xeric
species present, plant canopy coverage at the site, components of the irrigation system,
and per-station flow rates.
Staff trained in the identification of locally used landscape plants collected data on plant
size and species present.
Plant canopy coverage was calculated by first taking the observed plant diameters,
dividing this number by two to get radius, then applying the formula for getting the area
of a circle (A=πr2). This area result was then multiplied by the quantity of those species
of plants observed to be at that size. The summation of all areas of all plants of all size
classes in the study area is the total canopy coverage for that area.
Data on the components of irrigation systems was collected by staff trained in the
different types of irrigation emitters available (ex. drip, microsprays, bubblers, etc.).
Staff then ran individual stations and watched meter movement to get the per-station flow
rates.
The Turf Study (TS) Group is composed of properties of more traditional landscape
design, where an average 2,462 sqft of the landscaped area was of traditional turfgrass
(most commonly Fescue). Mainmeter data was collected in the same manner as for the
XS Group. Due to design challenges, the submeter was more commonly hooked to
monitor a mixed type of landscape rather than just turf, though many did exclusively
monitor turf (only “exclusively turf” monitoring configurations were used in per-unit area
landscape analyses). TS participants enrolled voluntarily, without an incentive and
agreed to yearly site visits as above. Other data on irrigation systems was collected in a
manner similar to that for the XS Group properties. A total of 253 residences were
recruited into the TS Group.
The enrollment of participant residences into the XS and TS Groups was directly
dependent on homeowners’ willingness to participate in this study. For this reason,
sampling bias was of reasonable concern to SNWA. To address this, a third subset of
non-contacted Comparison Groups was created to evaluate potential biases. Comparison
properties were properties with similar landscape footprints and of similar composition to
the TS group and pre-conversion XS Group and were in the same neighborhoods as these
treatment properties. This control group was also subject to the same water rates,
weather, and conservation messaging as the treatment groups. Having this group also
permitted SNWA to evaluate the combined effects of submetering and site visits on the
treatment groups.

12

GENERAL DATA METHODS, STRATEGIES, AND STATISTICS
Several different data analysis methods were applied in the course of the study. Details
of each can be found in the corresponding subsections below. Broadly, analysis methods
fell into the categories of pre- vs. post-treatment evaluations, comparative analyses of
different treatment groups, analyses to determine variables associated with consumption,
and assorted cost-benefit analyses. Statistical methods employed include descriptive
statistics (ex. means, medians, etc.), tests for differences in means assuming both
normally distributed data (t-tests) and non-normally distributed (i.e., non-parametric) data
(Mann-Whitney U-tests), as well as techniques employing established economic
principles and multivariate regression (some details of regression models are included in
Appendix 2). In means comparisons, statistical significance was determined to occur
when the probability of a Type I error was less than 5% (α=0.05). Presentation of data
involving calculations of differences in values (for example, means differences) may not
appear to add up in all cases, due to rounding. Types of data analyzed include mainmeter
consumption data, submeter consumption data combined with area data (i.e., application
per unit area data), flow-rate data, cost data, survey responses, and assorted demographic
and Clark County Assessor’s Office data. Consumption data was gathered by the
aforementioned purveyor entities and assembled by SNWA. Most other data was
collected by SNWA (Aquacraft Inc. also performed some analyses on consumption and
data logger collected data under contract to SNWA). In many analyses, data was
scatterplotted and objective or subjective outlier removal done as deemed appropriate.
Finally, in some cases, data analysis was expanded upon to include attempts at modeling.
These endeavors are elaborated on in other parts of the manuscript.
PRE/POST ANALYSES
For each property and year where complete monthly consumption records were available,
these were summed to provide yearly consumption. Data for each XS Group property
was assembled from the five years before conversion (or as many records as were
available; only properties having converted from turf to xeriscape were in this analysis
sample) and as many years post-conversion as records permitted up through 2001. These
data sets permitted comparison of total yearly consumption before and after the landscape
conversion. The impact of submetering and site visits could also be evaluated by
comparing mainmeter records for the TS Group pre- and post-installation of landscape
submeters. Differences could be further confirmed by comparing the change in total
household consumption following the conversion or submetering event for the XS and
TS groups respectively against the change in consumption for non-contacted, nonretrofitted properties of similar landscape composition. The general analysis strategy for
Objective 2 of the approved Scope (Appendix 1) is summarized in the following tables
(Tables 1 and 2):
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TABLE 1: Planned Pre-/Post-Retrofit Analyses for XS Group
Pre-retrofit
(kgal/yr)

Post-retrofit
(kgal/yr)

Difference in
Means (kgal/yr)

Xeriscape
Treatment
Comparison
Difference in
Means (kgal/yr)

TABLE 2: Planned Pre-/Post-Retrofit Analyses for TS Group
Pre-retrofit
(kgal/yr)

Post-retrofit
(kgal/yr)

Difference in
Means (kgal/yr)

Submetered
Conventionally
Landscaped
Treatment
Comparison
Difference in
Means (kgal/yr)

ANALYSES OF SAVINGS OVER TIME AND SEASONS
Objective 3 directs SNWA to measure the variability of water savings over time and
across seasons. In the approved Scope, this was anticipated to involve comparing the XS,
TS, and Comparison Groups to derive savings estimates in the manner specified in the
tables that follow (Tables 3 and 4):
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TABLE 3: Planned Post-Retrofit Analyses for XS Group Across Time
First Year’s
Third Year’s
Consumption (Y1) Consumption (Y3)

Difference in
Means (kgal/yr)

Xeriscape
Treatment
Comparison
Difference in
Means (kgal/yr)

TABLE 4: Planned Post-Retrofit Analyses for TS Group Across Time
First Year’s
Third Year’s
Consumption (Y1) Consumption (Y3)

Difference in
Means (kgal/yr)

Submetered
Conventionally
Landscaped
Treatment
Comparison
Difference in
Means (kgal/yr)

Since in most cases, meters were read monthly or at least bimonthly, SNWA is able to
provide an analysis exceeding the level of detail originally specified in the Scope.
Specifically, the longevity of savings from conversions for each year following the
conversion could be evaluated, thus the following new table specifies the more in-depth
level for the “over time” analyses called for in Objective 3:
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TABLE 5: Enhanced Post-Retrofit Analyses for XS Group Across Time
Mean Post-retrofit
Consumption

First Year Postretrofit (Y1)

Second Year Postretrofit (Y2)

Third Year Postretrofit (Y3)

Fourth Year Postretrofit (Y4)

Fifth Year Postretrofit (Y5)

Xeriscape
Treatment
(kgal/year)
Comparison Group
(kgal/year)
Difference in Means
(kgal/year)
TABLE 6: Enhanced Post-Retrofit Analyses for TS Group Across Time
Mean Post-retrofit
Consumption

First Year Postretrofit (Y1)

Second Year Postretrofit (Y2)

Third Year Postretrofit (Y3)

Submetered
Conventionally
Landscaped
Treatment
(kgal/year)
Comparison Group
(kgal/year)
Difference in Means
(kgal/year)
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Fourth Year Postretrofit (Y4)

Fifth Year Postretrofit (Y5)

Recruitment of properties for the XCS spanned a couple of years. For this reason, in order to
evaluate true changes over time, the first year after each conversion was designated as Y1, the
second as Y2, and so forth. As such, consumption data for a property starting in, for example,
1995, was designated as belonging to Y1, but for a different property starting in 1996, 1996 was
Y1. In this way, the impact of different start years was corrected for and multiyear analyses could
be considered on a more common basis. This permits inferences to be made about how landscape
water consumption and savings change over time as plants in the xeric areas mature. It is also the
reason the sample size appears to diminish for the XS Groups from Y1 to Y5. It is not that there
was heavy loss of sample sites, rather that fewer sites were in existence for a total of five years
owing to early enrollment. A similar effect is seen in the TS Group. There is no data for Y5 for
the TS Group because enrollment for that Group started later than for the XS Group.
Savings from xeriscape may be greatest in summer when evapotranspirational demand is greatest
for all plants, but so to an extreme degree in southern Nevada for turfgrasses (Source: University
of Nevada Cooperative Extension). In considering how savings may be different across seasons,
the Scope (Appendix 1) directs the SNWA to certain prescribed analyses (Tables 7 and 8):
TABLE 7: Planned Summer Post-Retrofit Analyses for XS Group
Pre-Retrofit
Summer
Consumption
(kgal/month)

Post-Retrofit
Summer
Consumption
(kgal/month)

Xeriscape
Treatment
Comparison
Group
Difference in
Means
(kgal/month)
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Difference in
Means
(kgal/month)

TABLE 8: Planned Summer Post-Retrofit Analyses for TS Group
Pre-Retrofit
Summer
Consumption
(kgal/month)

Post-Retrofit
Summer
Consumption
(kgal/month)

Difference in
Means
(kgal/month)

Submetered
Conventionally
Landscaped
Treatment
Comparison
Group
Difference in
Means
(kgal/month)
Because of the resolution available by submetering, even more detailed data pertaining to
application of water to turf and xeriscape through seasons is available in the comparative per-unit
area irrigation analyses (see following section and Comparison of Per-Unit Area Water
Application between Turfgrass and Xeric Landscape in Results and Discussion).

COMPARATIVE PER-UNIT AREA IRRIGATION ANALYSES
Submeter consumption data combined with measurement of the irrigated area permitted
calculation of irrigation application on a per-unit area basis (gallons per square foot, which can
also be expressed as precipitation inches equivalents) for most study participants. In this way,
exacting measures of consumption for irrigation of xeric and turf landscape types could be
measured. The sample size (Ns) is the product of the number of months or years of data and the
number of valid submeter records analyzed. Sample sizes for specific analyses appear in Results
and Discussion. Only records for submeters that monitored turf exclusively were included in
per-unit area analyses involving the TS Group so that other landscape types would not confound
calculation of results.
No prescribed analyses of submeter consumption data appear in the Scope. The two basic sets of
analyses selected by SNWA were (i.) a comparative analysis of annual application to xeric and
turf areas and (ii.) a comparative analysis of monthly application to xeric and turf areas. The
analytical setup of these appears in Tables 9 and 10 respectively. Secondary analyses comparing
usage to theoretical reference ET demand projections follow the basic comparisons and appear in
Results and Discussion.
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TABLE 9: Planned Comparative Analysis of Turf and Xeric Per Unit
Area Annual Application
Per Unit Area
Application
(gallons/square
foot/year)
Submetered
Turf
(TS Group)
Submetered
Xeriscape
(XS Group)
Difference
(gallons/square
foot/year)
TABLE 10: Planned Comparative Analysis of Turf and Xeric Per Unit
Area Application for Each Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt
Submetered
Turf
(TS Group)
Submetered
Xeriscape
(XS Group)
Difference
(gallons/square
foot/month)
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MULTIVARIATE ANALYSES TO IDENTIFY SIGNIFICANT SOURCES OF VARIABILITY
Objective 4 of the Scope (Appendix 1) directs SNWA to assess variability of water use amongst
the study participants and identify what factors contribute to that variability. Potential sources of
variability originally specified for investigation in the Scope included the following:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Number of members in the household
Age of occupants
Number of bathrooms
Income
Home value
Percentage of xeriscaping
Xeriscape density
Turf type
Type of irrigation
Lot size
Landscapeable area
Existence of a pool
Flow rates
Water use factors

As the XCS developed, additional potential factors were assessed. A complete listing of data
recorded is included in Appendix 3 (not all data was collected for all properties in the study).
Preliminary investigations focused on some of the above variables from a principally univariate
analysis perspective (DeOreo9 et al. 2000, Sovocool10 et al. 2000, Sovocool and Rosales11 2001,
Sovocool12 2002). The advantage of this was that it permitted rapid quantification and association
of target variables’ influences on participant water use, especially at the per-unit area scale.
However, the most sophisticated way to deal with a study of this type where there are a number of
potential independent associations of several predictor variables to a dependent variable is by the
application of multivariate regression analysis methods. This permits so-called “partial
regression” of independent variables to the target dependent one, here water consumption.
Multiple regression for estimation can be expressed in the general multiple regression equation as
follows:
Ŷi = â + b1*X1i + b2*X2i + ... + bni*Xni + ∈
Where Ŷ is the estimated dependent variable, â is the y-axis intercept, b is each estimated beta
partial regression coefficient representing the independent contribution of each independent
variables’ influence on Ŷ, X is each independent variable up to the nth variable, i is the time
period and ∈ is the error term for the model.
Multicollinearity between X variables violates the underlying assumptions of regression models
and can be dealt with by setting limiting tolerance thresholds of similarity in contribution of
variability to a regression model. This, in turn, permits identification and possible exclusion of
such highly collinear and possibly inappropriate independent variables. The most significant
variables can then be quantified and their relative vector and magnitude of association on the
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dependent variable can be deduced, ultimately yielding an explanatory multivariate model of how
such variables may contribute to water consumption. Such variables are explored for association
to total household consumption and xeric landscape submeter consumption in the results section
in two distinct modeling exercises.

ECONOMIC ANALYSES
Objective 5 of the Scope mandates quantification and measurement of capital costs and
maintenance costs of the conversion. In the summer of 2000, data on landscape maintenance
economics was obtained via surveys sent to study participants. The survey helped quantify both
labor hours and direct costs associated with landscape choices. For details on the survey and
methodology, consult Hessling13 (2001). Three hundred surveys were returned for analysis.
Results of these were tabulated and compiled, and analyses proceeded from there.
By the very nature of the study methodology, it was recognized at the outset that a simple
comparison of the XS and TS groups would likely fail to demonstrate the economic
considerations with respect to maintenance of the whole landscape level as most residents’
landscapes were composed of multiple landscape types (at the least, both xeric and turfgrass
areas). This led to an analytical method of comparing the costs of landscape maintenance based
on the relative percentages residents had of turf and xeric areas respectively.
The water bill savings associated with conversion projects were calculated based on the
Las Vegas Valley Water District’s water rates as they currently stand (in early 2004). Savings
were calculated by modeling bills for a typical fifth decile (midrange in consumption) home
where the average yearly consumption is 208,057 gallons and for such a home doing an average
(according to data collected for the Water Smart Programs single-family sector in early 2004)
1,615.8-sqft-conversion from turfgrass to xeric landscape (note the difference in this average size
conversion relative to that of the XS Study Group; conversion sizes, along with lot sizes, have
diminished over time in this area). Bills were modeled on a monthly basis and all charges were
applied that actually appear for customers. An example output of this model appears in
Appendix 4.
As directed in the Scope (Appendix 1), the financial viability of xeriscape conversions was
explored. This necessitated looking at the economics of conversions from the homeowner and
SNWA perspectives. Hessling13 (2001) attempted some of these initially. A follow-up analysis
from these same perspectives was performed in the writing of this report and is included in
Results and Discussion. The homeowner perspective included an estimative Net-Present-Value
(NPV)-based modeling approach to determine when return on investment (ROI) was achieved
and details on this model appear in Appendix 5. This same model is used to determine the
incentive level necessary to induce change (Objective 6) by making some assumptions about what
timeframe is acceptable for owners to achieve ROI. The approach used for the SNWA
perspective is to consider alternative sources of water and use the cost associated with these to
determine the maximum amount SNWA should pay to help convert grass to xeric landscape.
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Results and Discussion
REDUCTION IN TOTAL HOUSEHOLD WATER CONSUMPTION FOLLOWING CONVERSION
TO XERISCAPE
Results for the XS Group pre/post-conversion comparisons are shown in Table 11 and Figure 1.
TABLE 11: Pre-/Post-Retrofit Analyses for XS Group
Pre-retrofit
(kgal/yr)

Post-retrofit
(kgal/yr)

Difference in
Means (kgal/yr)

Xeriscape
Treatment
n=321

Mean=319
Median=271

Mean=223
Median=174

96*
(30% reduction
from pre-retrofit)

Comparison
n=288

Mean=395
Median=315

Mean=382
Median=301

13
(3% reduction from
pre-submetering)

76*

159*

t=4.32*
p<0.01

t=9.69*
p<0.01

Difference in
Means (kgal/yr)
t-tests (* denotes
significance)

t-tests
(* denotes
significance)
t=16.8*
p<0.01

t=1.85
p=0.07

FIGURE 1: Pre-/Post-Retrofit Consumption for XS and Comparison Groups

Mean monthly consumption for the residences dropped an average of 30% following conversion.
A dependent t-test demonstrates that the reduction in usage is highly significant (t=16.8; p<0.01).
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Though individual performance may vary greatly, the overwhelming majority of homes in the
study saved water following the conversion (285 out of 321 analyzed). This finding of about a
third reduction in consumption is nearly identical to findings from a study of residences in Mesa,
Arizona (Testa and Newton2 1993). It may be that a reduction of about this percentage may be
anticipated to occur when the average single-family residence built in the late 20th century does an
average-size conversion in the southwestern United States. The large savings are likely in part
because the great majority of water consumption goes to outdoor irrigation in this region. In this
study, the average savings realized was 96,000 gallons per year per residence.
The difference in consumption of the pre-retrofit homes to the non-contacted comparison homes
is shown in Table 11 and Figure 1. As demonstrated, a t-test of consumption between these two
groups shows there was significant difference in initial consumption between the two groups
(t=4.32; p<0.01), suggesting self-selection bias. This is not surprising since recruitment of study
participants was voluntary. People who were already conserving more were apparently more
likely to enroll and agree to convert a portion of their respective properties. This does not
however invalidate the results, as (i.) this incentive-based approach is essentially the same as the
approach used for enrolling people in the actual program SNWA has (see Appendix 5) and, more
importantly (ii.), there is no compelling evidence that the Comparison Group experienced
significant reduction over the same time period so the savings are likely attributable exclusively
to the landscape conversion.
The analysis procedures in the Scope (Appendix 1) suggest that the impact of submetering on
outdoor irrigation may be revealed by comparing consumption at the conventionally landscaped
properties with submeters (the TS Group) to that for the associated comparisons for that Group.
The data appearing in Table 12 fulfill this prescribed Scope treatment.
TABLE 12: Pre-/Post-Retrofit Analyses for TS Group

Submetered
Conventionally
Landscaped
Treatment
n=205

Pre-submetering Post-submetering
(kgal/year)
(kgal/year)
Mean=352
Mean=319
Median=303
Median=268

Mean=364
Median=314

Comparison
n=179

Mean=347
Median=296

12

28

t=0.52
p=0.60

t=1.41
p=0.16

DIFFERENCE IN
MEANS
(KGAL/YR)
T-TESTS (*
DENOTES
SIGNIFICANCE)
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t-tests
Difference in
(* denotes
Means (kgal/yr) significance)
t=5.08*
34*
(10% reduction
p<0.01
from pre-retrofit)

17*
(5% reduction over
timeframe)

t=2.08*
p<0.05

There are two potential issues though with trying to consider this analysis an evaluation of the
effectiveness of submetering. First, submetering is typically studied where the scenario is one
where water consumption through the submeter is relayed to end-use customers and where the
customers are billed for it. Without consumption data and billing, the residents in this study have
received no price signal to encourage them to read the meter or reduce consumption. This theory
corresponds with what staff members have observed in the field with respect to the behavior of
customers. Most participants apparently did not even think about the meter until it was time for
their yearly site review and often they stated they had forgotten it was even there. So here, the
dynamic of submetering is rather unique and the impact most likely minimal.
The second consideration, at least as potentially significant, is the fact that participants had been
exposed to annual site visits, which is likely a more important variable in terms of modifying
behavior (no conservation training or formal education took place at site visits, though staff
members did answer questions posed to them). Indeed, the Comparison Group provides for a
good gauge of the impacts on treatment groups due to site visits. Initially, results seem to suggest
a reduction of possibly up to 34,000 gallons annually associated with visits and submetering
(t=5.08; p<0.01) though, as revealed in the next analyses, this impact appears to be only
temporary (seen only in the first year, Table 15) and is probably in actuality much more negligible
given half the “reduction” also appears to have taken place in the control group (t=2.08, p<0.05).
The control group reduction may be due to background conservation at the community level.
With respect to understanding how submetering with consumption billing may be of conservation
benefit, a national research effort (Mayer et al. 200414), supported in part by SNWA, has just
been completed which provides much more insight into the benefits of submeters for water
conservation purposes (also see Rosales15 et al. 2002).

ASSESSMENT OF SAVINGS POTENTIAL ACROSS TIME AND SEASONS
For the XS Group, significant reduction in total yearly consumption took place immediately
following conversion and remained relatively stable at that decreased level through subsequent
years, showing no erosion with time (Table 13 and Figure 2). In every year, the XS Group
consistently had lower consumption than the Comparison Groups, and this was statistically
significant (Table 13). This suggests that conversions are a viable way to gain substantial water
savings over at least a medium-term timeframe and quite possibly over a long one as well. It also
resolves questions about whether or not xericape takes more water in the first year following
conversion (apparently the answer is no) and it suggests that, at least over the medium-term, there
is no erosion of savings obtained from conversions due to residents’ response to growth of plants
in their xeric areas.
For the XS Group, the relative reduction in consumption became even more pronounced in the
summer (Table 14) where, savings averaged 13,000 gallons per summer month (Table 14:
t=18.5;p<0.01) versus an average of 8,000 per month over the entire year. It should be noted that
a very small, but statistically significant reduction of 1,600 gallons per month appears to have also
taken place in the Comparison Group during the summer (in a pre- vs. post-comparison of the
study timeframe, Table 14: t=1.98; p<0.05). Overall, the results are consistent with the theory
that xeric landscapes save the most during the summer. The comparative per-unit analyses that
follow reveal why this is the case.
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In considering savings stability over extended time, it was found that the submetered TS group
only demonstrated significantly decreased consumption for the first year following retrofit, after
which savings were not significant (Table 15; statistics in table). This initial reduction might be
due to residents’ interest in the research and in conservation when new to the study, this wearing
off with time. Again, it is important to recall that in no single year was the consumption
statistically different from the comparison group properties. The submetered TS Group did have
significantly lower consumption in the summer, with a savings of 3,300 gallons per month
(Table 16: t=3.78;p<0.01) whereas the comparison group to the TS Group showed no such
reduction (Table 16: t=1.03;p=0.31). However, there was no difference in average monthly
summer consumption between the submetered properties and the controls after the retrofit
(Table 16: t=1.03;p=0.31). Overall the results in Table 15 seem to reflect the finding that little
enduring change in consumption was achieved by the TS Group over time despite submeter
installation.
FIGURE 2: Pre-/Post-Retrofit Consumption for XS Group Across Time
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TABLE 13: Enhanced Post-Retrofit Analyses for XS Group Across Time
Post-retrofit
Consumption

First Year PostSecond Year Post- Third Year Post- Fourth Year PostFifth Year Postretrofit (Y1)
retrofit (Y2)
retrofit (Y3)
retrofit (Y4)
retrofit (Y5)
∆
∆
∆
∆
214
220
227
211
202∆
Xeriscape
(32% reduction from (30% reduction from (28% reduction from (33% reduction from (36% reduction from
Treatment
pre-retrofit)
pre-retrofit)
pre-retrofit)
pre-retrofit)
pre-retrofit)
(kgal/year)
n=320
n=318
n=306
n=211
n=61
372
387
383
362
345
Comparison Group
n=280
n=275
n=260
n=183
n=54
(kgal/year)
Difference in Means
(kgal/year)
t-tests (* denotes
significance)

158

167

156

151

143

t=9.98*
p<0.01

t=9.29*
p<0.01

t=9.08*
p<0.01

t=8.02*
p<0.01

t=4.85*
p<0.01

Treatment group values with a ∆ are significantly lower than pre-retrofit value.
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TABLE 14: Summer Post-Retrofit Analyses for XS Group

Xeriscape
Treatment
n=321
Comparison
Group
n=288
Difference in
Means
(kgal/month)
t-tests (* denotes
significance)

Pre-Retrofit
Summer
Consumption
(kgal/month)
Mean=38
Median=31

Post-Retrofit
Summer
Consumption
(kgal/month)
Mean=25
Median=19

Difference in
Means
(kgal/month)

t-tests
(* denotes
significance)

13*

t=18.5*
p<0.01

Mean=47
Median=38

Mean=46
Median=35

1.6*

t=1.98*
p<0.05

9*

21*

t=4.23*
p<0.01

t=10.1*
p<0.01
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TABLE 15: Enhanced Post-Retrofit Analyses for TS Group Across Time
Post-submetering
Consumption

First Year Postsubmetering (Y1)
291∆
(6% decrease from
pre-submetering)
n=228

Second Year Postsubmetering (Y2)
312
(1% increase from
pre-submetering)
n=229

Third Year Postsubmetering (Y3)
317
(2% increase from
pre-submetering)
n=228

Fourth Year Postsubmetering (Y4)
315
(2% increase from
pre-submetering)
n=146

Fifth Year Postsubmetering (Y5)
No Data Available

Comparison Group
(kgal/year)

332
n=170

357
n=173

351
n=167

351
n=108

No Data Available

Difference in Means

41

45

34

36

t-tests (* denotes
significance)

t=2.28
p=0.02

t=2.39
p=0.02

t=1.65
p=0.10

t=1.40
p=0.16

Submetered
Conventionally
Landscaped
Treatment
(kgal/year)

Treatment group values with a ∆ are significantly lower than pre-submetering value.

28

TABLE 16: Summer Post-Retrofit Analyses for TS Group

Submetered
Conventionally
Landscaped
Treatment
n= 205
Comparison
Group
n=179
Difference in
Means
(kgal/month)
t-tests (* denotes
significance)

Pre-Submetering
Summer
Consumption
(kgal/month)
Mean=41.7
Median=34.0

Post-Submetering
Summer
Consumption
(kgal/month)
Mean=38.5
Median=31.0

Mean=42.0
Median=36.0

Mean=41.0
Median=34.7

0.3

2.5

t=0.97
p=0.92

t=1.03
p=0.31
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t-tests
Difference in
(* denotes
Means
significance)
(kgal/month)
3.3*

t=3.78*
p<0.01

1.0

t=1.02
p=0.31

COMPARISON OF PER-UNIT AREA WATER APPLICATION BETWEEN TURFGRASS AND
XERIC LANDSCAPE
Annual application
Annual per unit area irrigation application data summaries are found in Table 17 and Figures 3
and 4. There was a great difference in the annual water application to turf and xeric landscape
areas (Table 17 and Figure 3). Turf received an average of 73.0 gallons per square foot annually
(117.2 inches), while xeriscape received on average, just 17.2 gallons (27.6 inches) each year
(only 23.6% of the amount of water applied for turfgrass maintenance). The difference was thus
55.8 gallons per square foot per year (89.6 inches), and this was found to be highly significant
assuming a normal distribution of data (t=27.0; p<0.01).
TABLE 17: Annual Per-Unit Area Application to Turf and Xeriscape

Submetered
Turf
(TS Group)
ns=107
Submetered
Xeriscape
(XS Group)
ns=1550
Difference
(gallons/square
foot/year)
t-tests (* denotes
significance)

Per Unit Area
Application
(gallons/square
foot/year)
Mean=73.0
Median=64.3

Per Unit Area
Application
(inches/year)

Sample Distribution Statistics

Mean=117.2
Median=103.2

Standard Deviation=40.0
Skewness=1.17
Kurtosis=1.36

Mean=17.2
Median=11.5

Mean=27.6
Median=18.5

Standard Deviation=18.6
Skewness=3.14
Kurtosis=14.9

Mean=55.8

Mean=89.6

t=27.0*
p<0.01

Levene’s Test
F(1, 1655)=130.3*
(* denotes
p<0.01
significance)
Mann-Whitney U
U=10177
Test (* denotes
z=15.2*
significance)
p<0.01
Detailed statistics were not generated for the small set of multifamily and commercial sites;
however, the average consumption on those xeric areas where viable data could be collected was
16.7 gallons per square foot per year (ns=22). This suggests the use of xeric landscape in these
sectors may result in similar savings as that observed above on a comparative landscape basis
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(i.e., savings of ca. 55.8 gallons per square foot annually versus what application would have been
for turf).

FIGURE 3: Annual Per Unit Area Application to Turf and Xeriscape

Distinct differences in the sample distributions for the XS and TS irrigation data were of concern
from a statistical analysis perspective. Both distributions had features strongly suggesting data
was not distributed homogenously across the two groups (Table 17 and Figure 4). In particular,
the XS Group data was heavily skewed with the vast majority of participants using very little
water. Turf application, while indeed skewed, appears almost normal compared to xeric
application, which is very heavily skewed (skewness = 3.14) and peaks sharply (kurtosis=14.9) at
the lower end of the distribution. This is because the vast majority of XS participants used a very
small amount of water to irrigate their xeric areas, while a handful used greatly more volume on
theirs. Because t-tests assume normality, the atypical and non-congruent distributions were of
sufficient concern to justify running a Levene’s Test simultaneous with the t-tests to assess the
potential need to apply non-parametric analytical techniques (though in practice the need for
normality is lessened with large sample sizes due to the tendency of such a collection of data to
mimic a normal distribution; aka. the central limit theorem). Indeed, the Levene’s Tests
demonstrated significant differences in the distributions [Levene F(1,1655) = 130.3; p<0.01].
This suggested the need to backup the findings with non-parametric approaches. Mann-Whitney
U (a summation and ranking based approach to the problem) was chosen as a good backup test.
Associated z statistics for this test with corresponding probabilities are thus reported with the
results in Table 17 as supporting evidence for statistical difference in irrigation application
between the groups.
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FIGURE 4: Distribution of Annual Per Unit Area Application Data for Turf and Xeriscape
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Monthly Application
Monthly submeter data summaries for the XS Group and exclusively monitored turf TS Group
participants appear in Table 18. It should be noted that at times the interval between reads
stretched over more than one month and thus the dataset for the monthly data is slightly different
than that for the above annual comparison as only consumption data deemed complete and
assignable to a given month could be included (sometimes consumption across a two-month gap
was averaged to fill the gap). There were issues with resolution in monitoring because typically
at least a thousand gallons had to pass through the meter between reads in order for the
consumption figure to be advanced and registered by the reader, and sometimes this did not
happen for XS Group submeters monitoring relatively small areas due to low consumption. Both
these factors likely result in slight inflation of monthly consumption values for both groups and
this indeed appears to be manifest if monthly averages are summed across the year (i.e., this per
unit area consumption figure is slightly higher than the annual one calculated in the previous
section). Still, on a monthly basis the data is generally valid and valuable in comparative analyses
and in comparing water application to irrigation requirements. Per-unit area application data is
displayed graphically in Figure 5.
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TABLE 18: Monthly Per-Unit Area Application to Turf and Xeriscape

Submetered
Turf
(TS Group)

Submetered
Xeriscape
(XS Group)

Difference
(Gallons/Sqft)
t-tests (* denotes
significance)

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt Gal/SqFt
2.97
2.96
3.44
6.07
9.37
10.79
11.86
10.23
8.47
6.20
4.37
2.47
2.11

2.06

3.29

4.85

7.86

9.38

10.50

8.71

7.15

5.29

3.50

1.96

ns=85
1.16

ns=85
0.87

ns=85
0.99

ns=88
1.43

ns=93
1.64

ns=93
2.01

ns=95
2.24

ns=96
2.27

ns=99
2.22

ns=105
1.66

ns=107
1.35

ns=106
0.91

0.46

0.43

0.57

0.83

1.08

1.30

1.40

1.39

1.27

1.02

0.77

0.48

ns=1291 ns=1337 ns=1377 ns=1409 ns=1412 ns=1421 ns=1431 ns=1456 ns=1496 ns=1519 ns=1534 ns=1534
1.81
2.09
2.45
4.64
7.74
8.78
9.62
7.96
6.25
4.54
3.02
1.56
t=73.36* t=7.52* t=13.33* t=9.92* t=29.87* t=27.7* t=26.22* t=21.96* t=13.15* t=17.59* t=13.45* t=9.39*
p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01

Mann-Whitney U U=23499 U=18127 U=15959 U=14225 U=6824 U=4415 U=6062 U=9776 U=12307 U=14501 U=25290 U=31202
Tests (* denotes z=8.84* z=10.54* z=11.27* z=12.14* z=14.49* z=15.10* z=14.89* z=14.13* z=13.91* z=14.04* z=11.98* z=10.62*
significance)
p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
Note: bold gal/sqft values are means; regular font gal/sqft values are medians
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The first, most obvious finding from the graph is that, turf application exceeds xeric application
by a large statistically significant margin in every month. Ultimately, this is what constitutes the
large annual savings seen at the annual landscape application and total home consumption levels.
FIGURE 5: Monthly Per-Unit Area Application for Turf and Xeric Areas

The data also suggests, among other things, that the reason for the aforementioned enhancement
of savings during the summer is because turf application peaks drastically in the summer whereas
application to xeriscape does not. A graph of the difference between the groups (Figure 6)
demonstrates this is the case, and the observed pattern in savings obtained each month parallels
the pattern observed for turfgrass application (Figure 5). It appears that the reason xeriscape
saves so much water in this climate is related as much to the high demand of turfgrasses vs.
plantings of most other taxa as it is to any inherent aspect of xeric landscape per se. Furthermore,
inefficiencies in spray irrigation system design, installation, and operation further contribute to
the savings of having xeric landscape in place of turf because these inefficiencies even further
drive up application to the turfgrass to the point that it is much higher than the rate of
evapotranspiration over the same timeframe (Figure 7).
Additional inferences can be made about the application of water to turfgrass areas by the
participants. Specifically, on average, whereas they irrigated relatively efficiently in the spring,
with the onset of summer temperatures in May, residents quickly increased their application,
ultimately going way above ETo. Moreover, they tended to stay well above ETo through
November. While it is expected that due to system inefficiencies, a high Kc for Fescue
(Source: Cooperative Extension Office), leaching fraction considerations, and other factors,
application usually would tend to exceed ETo for turfgrass locally, the pattern suggests that
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overall people irrigate relatively efficiently in spring as the weather warms and ETo rises,
probably due to the immediate feedback they receive as the grass yellows in response to moisture
deficits. As they observe their landscape beginning to show visible signs of stress due to deficit
irrigation, they increase their application accordingly. However, in May, they appear to start
overreacting to the increasing stress and increase irrigation to well over the requirement. In fall,
they do not however appear to respond in a correspondent way “coming down the curve,”
probably because they do not have the same sort of visual feedback mechanism as they do in
spring (i.e., they do not view the grass being “too green,” wet, nor the occurrence of runoff as
something amiss). The result is a long lag in returning to application rates more closely
approximating ETo in the fall and early winter (Figure 7).
FIGURE 6: Monthly Per-Unit Area Savings (Turf Area Application– Xeric Area
Application)

It is more difficult to make similar types of inferences with respect to xeric area application.
While there is research under way on a variety of desert taxa to attempt to quantify irrigation
demand and there have been generalized attempts to model or approximate xeriscape need based
on observations and fractions of reference ETo, at this time it would be risky to make highly
specific inferences. The relative flatness of the xeric curve in Figure 5 does though seem to
suggest that residents may irrigate xeric areas inefficiently as they seem to show little response to
demands of different seasons.
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FIGURE 7: Monthly Per-Unit Area Application to Turf and Reference
Evapotranspirational Demand

FIGURE 8: Monthly Per-Unit Area Application to Xeric Areas
and 1/3 of Reference Evapotranspirational Demand
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If one does assume a sometimes-used local “rule-of-thumb” which states that xeriscape requires
about a third of what turf needs, one can compare per-unit area application for xeriscape and this
modified reference value (Figure 8). Using a one-third ETo value is not out-of-line with
modification approaches employed by the Irrigation Association16 (2001) or WUCOLS17 (2000)
for estimating needs of low-water-use woody taxa in high-temperature southwestern regions. It is
quite noteworthy that the summation of monthly xeric-area application values yields a yearly
xeric-area application usage of 30.1 inches per year - nearly identical to the summation of
monthly .33(ETo) values, which is 30.5 inches. This would appear, initially at least, to suggest
that this rule of thumb may work quite well on average for approximating xeric landscape usage
over broad spatial and long temporal scales, even if it may not precisely work in a given month.
Normalizing these aforementioned potential reference values and the absolute departure from
these in observed water application may reveal insights about when during the year the greatest
absolute potential savings can be obtained. In Figure 9, this is done such that the absolute
difference between mean application and respective references is quantified and displayed. Here,
“0” (reference) is ETo for turf and .33(ETo) for xeric landscape respectively.
FIGURE 9: Absolute Departure in Irrigation Application from Derived Respective
Reference ET0 Values (Turf and Xeric Areas)

Even with the xeric reference but a third of ET0, it appears that, in addition to the differences due
to plant usage, much more water is wasted in application to turfgrass than to xeric landscape. The
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greatest waste for turfgrass occurs in the period of May through November. Thus, any
improvements in turfgrass irrigation efficiency during this timeframe will have the greatest
absolute impact in terms of water conservation. Interestingly, the greatest absolute potential for
savings for xeric areas is not during this period, but rather from September thru January. Indeed
to look upon the graph, one might initially conclude that residents under-irrigate xeric areas in
spring and summer. Caution should be observed though in this type of reasoning as the .33(ET0)
reference is only theoretical and developed here as a guideline. That stated, the findings may
suggest that, on average, little potential exists during the spring and summer for significant water
savings by irrigation improvements to xeriscape. Finally, on an absolute basis, little total
potential appears to exist for squeezing additional conservation out of xeric landscapes as,
considered over the span of an entire year, xeric area irrigation appears to be efficient.
In contrast, opportunities to save great volumes of water appear to exist for turf areas throughout
most of the year. Significant overwatering appears to occur May through November; efficiency
improvements will yield the most absolute benefit during this period of the year. But how does
the issue appear when one considers the problem through the perspective of when can the most
readily obtainable savings be achieved?
Considering absolute irrigation departure from reference as above gives insights into the total
potential to save water through a variety of irrigation improvements. However, there is also the
question of how much water could be saved principally by relatively simple improvements in
controller management. Figure 10 is such an attempt to view the problem through this
framework,where the blue line is ETo for turf and .33(ETo) for xeric areas respectively, and is
equivalent to 100% of each respective types reference value or “perfect efficiency.” Absolute
values for inches application were normalized by converting them to percent departure from
normalized respective reference values. In this way the relative departure from these
aforementioned references is displayed as a percent value.
FIGURE 10: Relative Departure in Irrigation Application from Derived Respective
Reference ET0 Values (Turf and Xeric Areas)
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Figure 10 may suggest that there are specific times of the year when people irrigate both turf and
xeric landscapes more or less efficiency than the ideal. As interpreted from Figure 10, the most
inefficient irrigation, in a relative sense, may actually occur during non-peak months if efficiency
is defined to be the difference between theoretical requirement and application. Expanding on
this type of analysis and breaking the above relative departure values into efficiency classes
yielded a summary of when people appear to irrigate most and least efficiently (Figure 11).

FIGURE 11: Relative Departure in Irrigation Application from Derived Respective
Reference ET0 Values (Turf and Xeric Areas)
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It is well understood that, in practice, there is no such thing as a perfectly efficient irrigation
system and, for this reason, the green designation in Figure 11 includes relative applications
ranging from subreference values to those up to 20% above reference (this allows that there is
typically a need in practice to compensate for lacking distribution uniformity in irrigation
systems).
Interpretation of Figure 11 suggests that both xeric and turf areas are irrigated relatively
efficiently in the spring. Irrigation efficiency for turfgrass areas starts to decline in May to the
point where significant waste starts to occur and this continues until about September. In contrast
xeric irrigation continues to be quite efficient during this time. Around September, turf is starting
to be very inefficiently watered, in a relative sense, owing to residents’ failure to respond to the
lower rate of evapotranspiration and decrease irrigation accordingly. A similar, if less severe,
pattern is observed for xeric area irrigation, where at this time, these areas are also beginning to
be irrigated inefficiently, probably for the same reason. By November, both xeric and turfgrass
areas are, on average, being severely over-irrigated and this pattern continues through the cool
season until February. Finally, efficiency starts to recover and both areas are actually being
irrigated under suggested reference values by the end of March.
It needs to be acknowledged that some of this conclusion includes theoretical and speculative
reasoning, especially considering the lack of data on xeric landscape water requirements and the
fact that in actuality stress impacts, including those from water stress, lag in woody vegetation
(Kozlowski et al. 199018) so efficiency as considered here is much harder to gauge.
Nevertheless, again, failure of residents to more effectively tie controller management (irrigation
frequency and duration) to the changing environmental conditions appears to be one of the most
pressing reasons for efficiency losses in both study groups, it is just to a lesser extent (and much
lesser absolute impact in gallons) for those with more xeriscape.
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Dec

This set of analyses provides SNWA with quantitative data on what parts of the year it should
focus its strongest controller-management-oriented conservation messaging. This could be
considered the “low hanging fruit” in terms of water conservation; it is where messaging to effect
changes that may not require significant work and monetary investments on the part of residents
may produce significant water conservation results. To recap, the findings in this section suggest
the most value can be obtained by targeting controller-management messaging to the late summer
and early fall as people begin to depart from “reasonable” efficiency values owing to their
collective failure to adjust irrigation down for the cooler, low ET season. Reemphasis of this
messaging should continue all winter long.
The exploration of application per-unit area vs. reference values is important for making
inferences about management efficiency of water application. This; however, should not obscure
the result that on average, per-unit area, xeric landscapes in this study received much less water in
totality (Figures 3 and 4) and the pattern of received irrigation showed much less tendency
towards “peaking” (Figure 5) than those areas planted with turf.

SOURCES OF SIGNIFICANT VARIABILITY IN SINGLE-FAMILY RESIDENTIAL
CONSUMPTION
As explained in Methodology, multivariate regression analyses were employed to identify and
quantify sources of variability of mainmeter and xeric submeter data. Specifically, variables in
the combined study groups are explored for association to total household consumption and, for
the XS Group, to xeric landscape submeter consumption. Regression modeling proceeded with
the goal being to yield an optimum combination of the highest reasonable R-squared value with
due consideration given to maximizing the degree to which the model was “complete” (to the
extent possible given the available collected data). Details of the final selected multivariate
regression models appear in Appendix 2. Explanation and discussion of each variable included
follow for each of the respective models.
Presented models are only designed to broadly assess variables’ impacts. The models presented
here are “estimation” models as defined (see Methodology). These models are not intended for
use as “engineering” or “computational” type model applications whereby collecting certain data
one could be reasonably certain that the answer yielded would closely approximate the real
consumption at a given property.
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Variability in Annual Residential Consumption
Discussions of the selected independent variables included in the annual consumption model for
the dependent variable annual residential consumption (labeled MAINMETE) follow. Overall,
the annual consumption model appears to be a very good “fit” (adjusted R2= 0.80) for this type of
work (Nelson3 1994, Gregg4 et al. 1994, Gregg19 et al. 1999). This is likely due as much to the
strong tie between outdoor usage (and the ability of independent variables associated with outdoor
use to be practically measured) as to any design elements or analytical methods associated with
the study. While relatively strong for the sample size, it must be stressed that this model’s utility
is mostly in terms of helping to uncover and, to some extent, explain variables discreet
associations with consumption at single-family residences. Quantifications of these associations
in the multivariate context are limited to only those variables deemed significant.
TOTALTUR
Definition of Variable:
The total amount of turf at a residence in square feet as determined by research personnel. This
includes all turf regardless of whether it is part of a submetered area and regardless of what type
of grass it is.
Results and Discussion:
This was the most significant variable by far (t=14.86), and was found to be strongly positively
associated with single-family residential consumption. It is a principal component of the model,
contributing the bulk of its strength (β=0.622). The results suggest that consumption increases
roughly 59.1 gallons annually for each square foot of turf at the average home. It then increases
further if the grass is Fescue (the impact of Fescue vs. other grasses is further explored below).
Since the alternative grass is almost always Bermuda, the result suggests the average application
rate for this warm-season grass by the study participants is about 59 gallons per square foot (see
variable FESCUE for more discussion on this).
It should be noted that earlier multivariate work attempted to deduce the influence of landscape
type by scrutinizing how much xeric landscape was found at a residence (DeOreo8 et al 2000).
While this is an acceptable approach, the amount of turfgrass present appears to be much more
closely correlated with total annual consumption and, when included, typically displaces xeric
area as a significant variable in the final models developed. Furthermore, since the amount of
xeriscape was not significant in multivariate context (nor were other individual landscape types) it
should be understood that the savings developed by SNWA’s Water Smart Landscapes program
are mostly due to it, in essence, being a turf-removal program more than an alternative-landscapepromotion program. The results also suggest further significant lowering of household
consumption probably would not be yielded by permitting the owner to get a rebate for turf
removal at the expense of a quality landscape (for example, incentivizing the aforementioned
“zeroscapes” at a higher SNWA incentive rate since they have no vegetation and theoretically
require no water – this has been suggested by some). Since the xeric area contribution to annual
consumption is so small, the substantial loss in quality of life yielded for the small gains in
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conservation realized by effectively hardscaping landscape areas makes the argument for
choosing hardscape in place of xeriscape for water conservation a position difficult to defend.
TOTVAL
Definition of Variable:
The dollar value of the single-family residential study property as specified in the Clark County
Assessor’s Office database. This should not be considered to equate to a home’s market value.
Results and Significance:
The assessed monetary value of the property, like the amount of turf at a residence, was a very
highly significant variable in the model (t=5.45). It is reasonable to assume that higher value
properties are associated with higher consumption because (i.) they are likely to contain larger
homes with typically larger, possibly more extravagant water-intensive landscapes and (ii.) they
are, by nature, likely to be inhabited by people of greater wealth who are less sensitive to the price
of water and thus more likely to use a greater volume of it. In a multivariate context, annual
water consumption on average increases ca. 2.1 gallons alongside each dollar increase in
Assessor’s Office property value.
That increased wealth is associated with greater individual consumption is a well-understood
tenant of economics and is a well-established concept in understanding persons’ household utility
consumption patterns. The impact of wealth in a similar context was explored by Gregg19 et al.
(1999) where the impact of neighborhood wealth was a significant factor in determining water
usage.
NLTHOMEA
Definition of Variable:
The age of the residence is calculated as the difference between the analysis year (2004) and the
year of construction as recorded in the Clark County Assessor’s Office database. This should not
automatically be taken to be the age of the landscape or even, necessarily, the exact age of the
specific study residence due to the way many developments are built as components of phases in
this community.
Results and Significance:
This was a quite significant variable (t=2.67) and one easily worthy of inclusion in the model. On
average, consumption increased ca. 1600 gallons for each additional year older the property was.
There are several potential reasons for this. First, older properties in the Las Vegas area tend, on
average, to be larger and the ratio of hardscape footprint to landscapeable area is lower. Next,
older properties are more likely to incorporate landscape elements heavy on traditional themes
(i.e., large areas of turfgrasses) in contrast to newer residences with landscapes built in a time
where water conservation began to be a significant consideration (in the 1990s restrictions on the
amount of turfgrass that could be installed at single-family residences were passed). Older
properties are more likely to have irrigation systems that incorporate lower-efficiency devices and

42

fixtures (ex. brass spray heads). Finally, as irrigation systems age they inevitably become less
efficient and more likely to leak.
Aspects of indoor use also likely contribute to the pattern. The installation of high-efficiency,
low-flow fixtures and appliances after being legally mandated is anticipated to have contributed to
newer properties having, on average, lower consumption. Also, as fixtures wear they may leak
for some time without notice (toilet flappers for example) so, without timely maintenance, older
properties are more likely to have continuous indoor leaks further contributing to higher
consumption. The increased efficiency gains in homes with newer fixtures have been well
documented (see Mayer and DeOreo8 et al. 1999) and the overall finding that older homes tend to
have higher water consumption is not surprising.
APROXINC
Definition of Variable:
Approximate total household income as revealed by 2001 survey data. To make the income
survey question less intimidating, and more likely to generate valid, significant numbers of
responses, the potential answers were categorical with ranges and it was explicitly stated that this
question was optional. Analysis proceeded based on the mean values of response ranges. While
a great number of participants did respond, many of course did not and income is, unsurprisingly,
the most limiting of independent variables in the multiple regression.
Results and Significance:
It is to be expected that, everything else being equal, increasing household income would on
average be associable with higher per-household consumption of all commodities. This is the
case for water as well in this multivariate model, which suggests that, on average, annual
consumption may increase on average ca. 3000 gallons for every $10,000 rise in income level
(t=2.16). Some may be surprised this should be given the fact that indoor water use is relatively
constant per capita across a range of conditions and thus the sensitivity of the relationship
between water consumption and price is usually considered to be rather muted. But, while water
is indeed inelastic by common economic standards, in the Southwest, where a high proportion is
used outdoors, it may be considered to be more discretionary in nature, especially when that
outdoor use is for irrigation of landscapes (instead of crops), which are after all just ornamental.
Certainly this study suggests that income is an important consideration in water consumption, as
have others. Furthermore, higher incomes could be considered to be well correlated with large
houses, large landscapeable areas, and more lush landscapes, all of which further drive up
consumption in their own right.
There was considerable discussion between the principal author and some reviewers as to whether
or not the income data should be included in the model. The arguments for inclusion were that it
was found to be a significant variable in most comparisons, it is a different indicator than home
value in that the former is more indicative of wealth and the latter is more indicative of actual
disposable income (which could be spent on water use beyond necessity), and that removing it
significantly weakens the model. The arguments for removing it include the supposition that
often people give erroneous or fictional answers to questions about income, that income is
potentially highly covariate with home value, that home value is really a better proxy variable for
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income (and indeed in many studies using multiple regression it has been used for this purpose),
and that its deletion does not weaken models such as this. Finally significant improvement in
model sample size would be obtained by removing income as many people opted not to report it
and thus it is very limiting to the model’s available degrees of freedom.
The author considered the arguments for and against inclusion of income data carefully and
proceeded to investigate the relationship between income and home value. The results of a
correlation analysis between these two variables showed relatively little correlation (R2= 0.288) as
did a scatterplot of the data. Nonetheless, the concern was valid enough (and the possibility of
significantly more degrees of freedom of sufficient interest) to justify creation of an incarnation of
the model without income as an independent model variable. This exercise however resulted in
an increase in the standard error of the estimate (i.e., an increased error of over 7,000 gallons per
year) and a drop in the overall model fit (adjusted R2= 0.740). However, most tellingly, the
B values were off significantly from what one would expect (ex. Variable POOL B= 27.8; yearly
evaporation in gallons per year is far in excess of this). Based on these findings it was decided
that the APPROXINC variable should remain in the model.
FESCUE
Definition of Variable:
Whether or not the turfgrass present at a residence is Fescue or an alternative turfgrass. This is
a binary (i.e., “dummy” in the vernacular) variable indicating presence (1) or absence (0) of a
variable’s specified condition.
Results and Significance:
Fescue grasses (which are widely popular cool-season grasses found in local landscapes) have
been observed to require large volumes of water in the Las Vegas area (ca. 91 inches), over 62%
more annually than the other somewhat less popular warm-season Bermuda grass (requiring ca.
56 inches; calculations for both grasses are based on data from the local Cooperative Extension
Office). Locally, Fescue is much less drought tolerant than Bermuda and has a correspondingly
higher Kc value (the July Kc value for Fescue is calculated to be a very high 1.10 whilst only
being ca. 0.71 for non-overseeded Bermuda; Source: University of Nevada Cooperative
Extension Office).
Furthermore, being a cool-season grass, Fescue is capable of active photosynthesis all year long
with sufficient irrigation and management, which is no doubt the reason for its desirability; it can
yield an attractive green year round. Bermuda on the other hand usually goes into dormancy in
the winter and it is likely many people curtail irrigation at dormancy so its total yearly application
is even further reduced relative to Fescue. While there are of course different requirements for
different types and morphologic forms of grasses (ex. tall vs. short fescue), the general finding
that the cool-season grasses require more water than the warm season ones is well understood and
this apparently translates into residences with Fescue having, on average, higher annual
consumption at the household level (t=2.09) (note: most residences had at least some turfgrass
integral to their landscapes). Based on the multivariate analysis, a residence with Fescue may on
average use more than 25,000 gallons more annually than one with a lower-water-use grass.
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There is another possible inference that may be made. The submeter data is heavily dominated by
Fescue landscapes and thus the highlighted gallons-per-square-foot application rates are probably
at or near the actual for Fescue. It should be noted though that from the model, one might infer
that in situations where there is not Fescue at the site, the B value of 59.1 may be the typical
application rate, in gallons per square foot per year, for Bermuda installed at a residence. Though
this derived value of 59.1 gallons per square foot per year (94.9 inches precipitation equivalents)
is somewhat suppositional, and no doubt not exact given the standard error of the model, it
appears to be a very reasonable average application rate that could be expected locally for
Bermuda grass.
PARCEL SIZE
Definition of Variable:
The size, in square feet, of the parcels of study residences as specified in the Clark County
Assessor’s Office database.
Results and Significance:
In the final version of the model, parcel size was technically not significant (t=1.79); however, it
was positively correlated with higher residential consumption in most multiple regressions
developed so it is included here. It is reasonable to assume that, on average, residences associated
with larger parcels are more likely to have higher consumption because they would be expected to
have (i.) more, possibly lusher, landscape (they are also more likely to have a pool) and
(ii.) typically larger homes situated on them. Both of these would be anticipated to raise
consumption due to larger residential landscapes having higher total outdoor irrigation
requirements and larger houses being more likely to be inhabited by more or, perhaps, simply
more heavily consuming, residents.
POOL
Definition of Variable:
The total water surface area of pools and spas in square feet at residences as measured by
research personnel. For residences without pools this variable equates to zero.
Results and Significance:
As with parcel size, pool surface area was not significant in the final most complete version of the
model (t=1.70), but often cropped up as significant in alternative models as being positively
correlated with higher consumption. It is reasonable to include this variable as it is to be expected
that the more evaporative water surface area outside at a residence owing to a pool and/or spa, the
higher the evaporative water loss at the residence and the greater the need, in gallons, to replenish
it.
TOTALOCC
Definition of Variable:
The total number of occupants at each study property in the analysis year (2001) as determined
by survey.
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Results and Significance:
Though not a statistically significant independent variable in the final model (t=1.62), and only
occasionally significant in alternatives, the number of people living at the residences was
ultimately included, as it lends explanatory strength to the model (β=0.524) and it is logical to
assume that consumption does increase with more people living at a location. That it is not
statistically significant is actually a testament to the dominance of outdoor end uses in
determining total yearly consumption at single-family properties in this region.
TOTALLAN
Definition of Variable:
The total landscapeable area at a property. This includes areas with landscape as well as areas
potentially landscapeable.
Results and Significance:
This variable is difficult to interpret and was not significant in this particular model (t=-1.41).
The only reason for its inclusion is the sheer number of times it cropped up as significant in
different alternative models. Here, however its sign is inverse of what would be anticipated (that
greater landscapeable area would lead to higher consumption). It may be that it captures the
inverse of the building and hardscape footprints, but this is only theory.
check from here on…
Variability in Annual Consumption for Irrigation of Monitored Xeric Landscape
A model of yearly consumption for the monitored xeric component of landscapes for XS Group
homes was also developed to attempt to evaluate the impacts of variables listed in the Scope
(Appendix 1). The developed model has a much lesser fit than the total consumption model
(adjusted R2= 0.40), in part, one speculates, because other important but non-quantified or hidden
variables are not included (one possible example – detailed data on controller management which
may be more associated with management of turf rather than xeric areas). For this reason, no
attempt is made to quantify impacts in a multivariate context as above, but rather the goal is to
identify variables likely associated with xeric area consumption (for some attempts at
quantification using univariate approaches consult Sovocool and Rosales11 2001).
Despite the limitations due to the weaker model, many variables did appear significant in most if
not all modeling attempts, and these are discussed below in a format similar to the above
discussion on annual consumption. The same strength of association denotation as used for the
annual consumption model is applied to the xeric areas variable discussion as well. See
introduction to Sources of Significant Variability in Single-Family Residential Consumption for
more information.

46

TOTALCAN
Definition of Variable:
The total canopy coverage in the monitored xeric area of the XS Group properties, in square feet.
This is calculated by first taking the observed plant diameters from the 2001 site review, dividing
this number by two to get radius, then applying the formula for getting the area of a circle
(A=πr2). This area result is then multiplied by the quantity of those plants observed to be at that
size. The summation of all areas of all plants of all size classes in the study area is the total
canopy coverage.
Results and Significance:
It is reasonable to expect that total plant canopy coverage within the monitored xeric area would
positively correlate to the total amount of water applied to that area as plant leaf surface area
(evapotranspirational area) is the principal locale of water loss from vegetation. To replace this
loss, areas with higher plant coverage should theoretically require more water and it should be
expected that residents would respond by irrigating these more (via both longer run times and
having irrigation systems of greater application capacitance). Examination for a link between
total canopy coverage and total yearly consumption for xeric areas in a multivariate context
confirms a significant association (t=4.31; the relationship between coverage and per unit area
consumption was also noted and explored in Sovocool and Rosales11 2001). One
acknowledgement; this is a relatively simplistic finding, which does not fully explain the
relationship between consumption and the taxa present and species’ specific water use
characteristics (this was beyond the practical scope of this investigation). Data on specific xeric
species’ water requirements is needed for this and this area remains worthy of more in-depth
research.
AVGFLOWR
Definition of Variable:
The arithmetic average flow rate, in gallons per minute, of all irrigation stations servicing
monitored xeric landscape for each of the XS Group properties.
Results and Significance:
It has long been suspected that within the range of lower flow types of irrigation systems used to
irrigate xeric areas, those capable of delivering water relatively faster via high-flow emitters may
contribute to higher water consumption, especially when used by someone less knowledgeable
about how to irrigate with different types of emitters. For this reason, SNWA’s current Water
Smart Landscapes program limits individual emitters to a maximum output of 20 gph as part of
the program requirements (Appendix 5). Based on this research, this concern appears well-placed
as the model shows stations with higher average flow rates are indeed associated with higher
consumption in this study (t=4.14). Typically, such station configurations may have one or more
of the following conditions: sprays used for xeric-area irrigation, incorporation of high-flow
emitters (such as turf bubblers), use of microsprays, stations composed of mixed types of
irrigation emitters, and individual stations irrigating large and/or lush expansions of xeriscape (an
exploration of how emitter class relates to average flow rates also appears in Sovocool and
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Rosales11 2001; this manuscript suggested a strong association between irrigation system design
and xeric area consumption as well).
STUDYA
Definition of Variable:
The xeric study land area (in square feet ) monitored via submeter for XS Group properties.
Results and Significance:
It is logical to assume that, on average, the more area monitored by the submeter, the greater the
consumption through that meter, and the significant association between monitored xeric-study
area and total yearly consumption (t=3.08) is consistent with this expectation (for further
exploration of per-unit area savings, see Comparison of Per-Unit Area Water Application between
Turfgrass and Xeric Landscape).
TOTVAL
Definition of Variable:
The dollar value of the residence as specified in the Clark County Assessor’s Office database.
This should not be considered the same as the home’s market value.
Results and Significance:
There was a positive association between the total value of the property and total consumption for
xeric area consumption (t=2.94). A discussion of how this variable tends to be positively
associated with water consumption appears above in the discussion of the annual consumption
model. It is worthwhile to again emphasize that given water use for residential landscapes can
ultimately be considered discretionary, higher homeowners’ wealth (here, evidenced by higher
property value) may be anticipated to lead to greater consumption for landscape irrigation.
PARCEL SIZE
Definition of Variable:
The size, in square feet, of the parcel of a study residence as specified in the Clark County
Assessor’s Office database.
Results and Significance:
The parcel size of the residence was significantly inversely associated with consumption for xeric
area irrigation (t=-2.78). This result was unexpected, as a relationship or mechanism acting to
result in a link between parcel size and the irrigation of xeric areas on that parcel is not
immediately obvious. The possibility that there is an inverse relationship between xeric study
area and parcel area was examined, but this is not the case (rather, as would be expected, larger
properties tended to be positively correlated with larger study areas, though this relationship is
weak; R2=0.064). Likewise, the theory that perhaps larger parcels had xeric areas that might be
sparser in terms of canopy was examined and rejected (the data does not support this).
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Discussion and consideration of other findings led to some other possible explanations. One
possibility is that those residences with larger parcels were more likely to incorporate native,
lower-water-requirement plants in their landscapes. Some data supports the theory that owners of
large properties may indeed make more use of native taxa, but only marginally so (the properties
in the top 10% in parcel size had an average of 10.9% of their plant palette composed of native
vegetation; the average for the rest of the properties was 6.9%).
Another theory is that larger xeriscape installations may be more likely to necessitate the need for
a contractor, who is more likely to install a properly designed drip system and, as suggested by
the findings linking station flow rate to consumption and (as revealed below) “drip-only” systems
are more likely to result in lower total yearly consumption than those piecemealed together with
multiple types of emitters. Since those residents doing larger xeriscape conversion projects were
found to be more likely to use a contractor, there is some evidence supporting this second theory.
Perhaps the most likely reason for this finding is that people with smaller parcels are more able to
afford to consume more water outdoors. To understand this reasoning better, consider an
example of two sets of land, one acre each, in a similar area and climate each with all
landscapeable area landscaped. One has a single residence upon it, the other acre, more
subdivided, supports five homes (and thus is composed of five parcels). One would conclude,
usually correctly, that the outdoor consumption for the total area would be greater for the onehome case, owing to its maintaining a greater amount of landscaped area (more of the available
area is consumed as development in the five-homes case). But what about total water
consumption for irrigation on a per-parcel basis? Each of the family income streams in the fivehomes-per-acre case support less irrigated area than that for the single home on the one acre.
Thus, each of these five owners can afford to support more discretionary water use as their
respective landscape irrigation “shares” are less than for the one owner supporting all of that area.
As a result, the owners of the smaller parcels may use more irrigation water per parcel than in the
alternative case, and this may be what is being observed here (internal research by SNWA has
shown that subdivision tends to result in higher per-parcel usage while decreasing usage for the
total equivalent area).
Without more information, these are only hypotheses. At this time, while the inverse relationship
between parcel area and xeric area consumption stands, the mechanism behind the relationship is
not completely understood.
DRIP
Definition of Variable:
Presence (1) or absence (0) of an exclusively drip irrigation system irrigating the xeric study
area. This is a binary variable.
Results and Significance:
This is a different type of measure of the influence of irrigation system design on total xeric area
water application. Specifically evaluated was whether the presence of a “true” drip system (no
bubblers, microsprays, mixed systems) was associated with xeriscapes with lower consumption
than others. The model does support this theory, with a significant finding that such “drip-only”
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xeriscapes do have lower consumption (t=-2.27). As suggested by Sovocool and Rosales11 2001,
such systems typically have the lowest flow rates (average per-station flow rate = 4.0 gpm) of the
types used to irrigate xeric landscape, so if run similar amounts of time to other systems, it would
be expected that these would output lower total volume over a year. Based on the data, it does
seem likely that many residents run their systems without careful consideration as to which kind
of emitters they actually have, in turn resulting in systems composed exclusively of true drip
emitters being associated with the least amount of water consumed over the year. Since slow
application rates are generally the preference in irrigating drought-tolerant vegetation (this is
especially the case with woody taxa) and because landscapes with “true” drip systems had the
lowest consumption, this finding may be worthy of future considerations relevant to SNWA’s
Water Smart Landscapes program.
DONTKNOW
Definition of Variable:
Whether or not the respondent was knowledgeable about the level of enforcement of local
restrictions designed to reduce water waste. This binary variable indicating presence (1) or
absence (0) of understanding was adapted from part of an alternative answer to a question asking
respondents if they felt enforcement of water waste provisions was "too lax," "good," or "too
strict." In addition to these responses, residents taking the survey were also given the option of
answering “Don’t Know” if they did not have any sense of how aggressively water waste
regulations in the area were enforced.
Results and Significance:
Theoretically a person’s viewpoints on water waste enforcement could tie into how diligently they
practice good irrigation management. Recognizing this, the study staff formulated a question
addressing this for the survey implemented in 2001. In preliminary analyses (Sovocool12 2002)
there really was not a difference in per-unit area irrigation for xeriscapes between those
respondents answering “too lax” and “good” (only two people said enforcement was “too strict”
resulting in no ability to tie this to consumption with any statistical precision, though this is quite
telling of how the community viewed enforcement in 2001). However, interestingly there was a
difference between respondents with any kind of an opinion and respondents who had no sense of
the issue. This suggested at the time that awareness of enforcement of water waste regulations
may be a principal motivator to conserve, regardless of one’s viewpoint on how appropriate the
level of enforcement is. The recurrence of this basic result, here in a multivariate scheme (i.e.,
those answering “don’t know” were associated with higher consumption in the regression model;
t=2.13) suggests that sensitizing the public about enforcement of water waste restrictions may be
a powerful motivator for achieving outdoor water conservation.

FINANCIAL SAVINGS ASSOCIATED WITH CONVERSION PROJECTS AND COST EFFICIENCY
As explained in the methods section, the research scope included a mandate to study some of the
economics of xeriscape conversions, as this has been left relatively uninvestigated to date.
Specifically, the directives were to quantify costs associated with the conversion and the
subsequent maintenance of the xeriscape and to develop estimates as to what incentive level
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would theoretically be necessary to entice people into doing conversion projects. Collection and
analysis of this data is explained in Methodology, below, and in Appendices 5 and 6. Results are
as follows below, starting with the conversion costs findings.
The average cost of the conversion for those converting in the XS Group was obtained via data
collected on parts and materials, as well as contractor receipts. The average cost for all
participants was $2,881.21 for 1,862.1 sqft converted ($1.55 per square foot for 91 participants
sampled). The average cost for those who did the conversion themselves was $2,428.31 for
1,766.22 sqft ($1.37 per square foot), and the cost for those hiring a contractor was $4,076.88 for
2,115.22 sqft ($1.93 per square foot). These dollar amounts for costs and dollar valuations are as
they stood in the late 1990s and have likely climbed slightly by today. As might be anticipated, it
appears that residents may on average be more likely to hire a contractor for larger conversion
projects.
Landscape maintenance requirements constitute a significant cost in labor and dollars directly
spent. The relative amount of xeriscape at a residence figured prominently in landscape
maintenance reductions for both these costs (Figure 12). For those who had at least 60% of their
landscapeable area as xeric landscaping, maintenance savings of about one-third were realized
versus those with 60% or more turf. The average difference is 2.2 hours/month in labor and $206
per annum in direct expenditures (N=216). Landscape maintenance savings are value added on
top of water bill savings. This serves to greatly enhance the attractiveness of xeriscape to the
customer. Hessling12 (2001) provides a detail of the capital costs and savings obtained.

FIGURE 12: Average Monthly Maintenance Time and Annual Direct Expenditures
for Participants Having At least 60% Turf or Xeriscape
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Bill savings for a typical mid-consumption range customer were modeled as explained in
Methodology and in Appendix 4. Results show that there is a large difference in the monthly bills
between a modeled residence with and without the conversion throughout the majority of the year
(Figure 13). The total difference in the annual cost for water between these two homes using the
current (2004) rate structure is $239.92 - a significant savings attributable to the conversion
(nearly $0.15 per square foot converted per annum). It should be noted that this savings of 54%
in total annual water charges is greater than would initially be anticipated from consumption
savings data (Figure 6). This is because the Las Vegas Valley Water District, as well as the other
SNWA member agencies, uses a tiered, increasing block rate structure.
Increasing block rate structures (also called conservation rate structures) are setup such that the
more a user consumes on an average daily basis within a cycle, the more expensive, per unit
(i.e., per gallon), water becomes. The high per-unit area application to turfgrass results in
residences with more grass typically crossing thresholds into higher billing rate strata much more
frequently and this in turn exacerbates their water costs per unit and, ultimately, their total costs.
In this case, the difference in per-unit water charges for the two fifth-decile homes, with all
charges considered over the entire year is about $0.28 per thousand gallons (i.e., there is a 13%
difference; effective prices of $1.85 vs. $2.13 per thousand gallons, respectively). The
comparison highlights the utility of tiered rate structures as a conservation tool and for promotion
of xeriscape as a conservation tactic.

FIGURE 13: Modeled Monthly Water Bill for a Typical Las Vegas Area Home and
The Same Home with an Average-Size Conversion
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The expected water bill savings a resident of a typical home would realize from doing an averagesize conversion of turfgrass to xeriscape (anticipated monthly savings – including tier rate
impacts) is thus as illustrated in Figure 14. As can be seen, the typical monthly water bill savings
range from a low of $5.68 (25%) in December to a high of $40.84 (70%) in July, again
reemphasizing that the greatest savings obtained by having xeric landscape are realized in the
extremes of summer in this area. The savings obtainable serves to create a strong price signal to
convert, especially when coupled with the incentive offered by SNWA currently ($1.00 per
square foot for qualifying residential conversions).
As suggested by Figures 13 and 14, on average xeriscape not only results in significant savings in
water utility charges, it also makes the charges more manageable as they no longer “peak” to
anywhere near the extent they did under the “no-conversion” condition. For the “no-conversion”
model, the low-consumption month to high-consumption month ratio is 1:2.93 (the peak month is
July). For the same house with the conversion, the ratio is 1:1.58 and the peak is pushed out to
September owing to the difference in xeric irrigation pattern (Figure 8). For homes proximal to
the modeled condition, xeriscape conversions appear to make paying monthly bills easier because
the peak is (i.) greatly attenuated and (ii.) potentially pushed out until later in the year, so it does
not parallel other local utility bills which peak in the summer (power, for example).

FIGURE 14: Modeled Monthly Water Bill Savings for A Typical Las Vegas Area
Home Completing an Average Size Conversion
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ESTIMATED APPROPRIATE LEVEL OF FINANCIAL INCENTIVE
Homeowner Perspective
Hessling13 (2001) performed analyses of the financial viability of SNWA’s xeriscape conversion
program, “Southern Nevada Xeriscapes” (since revised and renamed to “Water Smart
Landscapes”). It should be noted that at the time Hessling did his analysis, the program paid
recipients an incentive of $0.40 per square foot. He presented a Net Present Value (NPV)
analysis demonstrating that, from the homeowner perspective, the return on investment by
SNWA’s conversion facilitation program is two to three years for a resident and that the incentive
is not really required to induce change as the NPV is positive, even when no incentive is
rewarded. See Hessling’s manuscript for additional details.
A constructed model (Appendix 5) using a similar approach (and more recent data) seems to
support the finding that no incentive is theoretically necessary for a typical do-it-yourself xericape
conversion where subsequent financial savings in landscape maintenance are realized. However,
the incentive may be important in a variety of other situations. The scenario, similar to the one
used by Hessling as well as others, was explored by the model developed by SNWA
(Appendix 5). Some of the most common scenarios explored, with findings from model outputs,
are summarized in Figure 15.
In Figure 15, there are four different scenarios modeled (see explanation below), and each
scenario has four associated results (Methodology and Appendix 5). The outputs associated with
each exercise are: the average payback time (at a dollar per square foot) for a typical home doing
a typical conversion (see Appendix 5), the average payback time without an incentive, the
incentive required for a 3-year return on investment (ROI), and the incentive required for a 5-year
ROI. Special note should be made regarding the expression of payback times. The display is not
the range of payback times given the combination of scenario conditions, rather, it reflects that the
expected average payback time falls sometime between the years shown. The model is based on
annual, not monthly data thus the need to display outputs in this manner. The “incentive
required” outputs, are simply average model outputs and are not to be considered appropriate for
any one condition; their value is principally in comparative analyses between scenarios and in
broad generalizations.
The summary (Figure 15) is designed to facilitate inferences about the economics of the
conversion project. Along the horizontal axis are the “Only Conversion Material Costs” and
“Conversion Material Costs + Labor” titles. The first scenario condition refers to situations
where only the direct costs for materials, supplies, rentals, and other such items are considered.
Residents doing their own xeriscape conversion might consider this to be their scenario if they
consider only the real financial outlays paid and don’t consider their time spent on the conversion
to be a real financial cost. In contrast, the “Conversion Material Costs + Labor” condition
includes a valuation of the time to actually do the conversion, which naturally lengthens the
payback time. This perspective is more appropriate for those who consider the labor outputted by
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themselves to be a true financial expenditure. It is also the appropriate model perspective to
consider if the project is performed by a contractor.
Along the vertical axis of Figure 15, are the titles “Only Maintenance Goods Conserved” and
“Conserved Maintenance Goods and Labor.” Similar to above, the “Only Maintenance Goods
Conserved” condition reflects consideration of savings associated with only direct expenditures
on things such as fertilizer, replacement irrigation parts, occasional replacement of capital items
such as shovels, etc. (so long as the conversion is significant enough to yield savings in these
areas; see the discussion surrounding Figure 12). The category “Only Maintenance Goods
Conserved” would be most appropriate for people who do not consider the savings in labor
obtained by having some of their area as xeriscape to be equivalent to a monetary outlay,
situations where not enough of the total landscape area is converted to obtain this type of savings,
or when a landscape maintenance company, which may or may not realize the savings, is either
unwilling or unable to pass on labor savings to the customer as realized by the landscape retrofit.
Again, there is an alternative category for the consideration of realized maintenance savings in
labor costs resulting from the conversion. The maintenance savings plus labor savings category,
“Conserved Maintenance Goods and Labor,” is most appropriate when enough of the yard has
been converted that real savings in maintenance labor can be realized and when the owner
attaches value to this. It would also be appropriate when the homeowner’s landscape company
passes on realized labor savings to him or her.
The matrix of results developed (Figure 15) permits some inferences to be made about what
scenarios turn around financially the fastest and are thus most readily facilitated by a landscape
conversion incentive. In increasing order of time to payback (i.e., the first bulleted scenario is the
most readily facilitated) these are:
Shorter Time to Investment Return
•

•
•
•

Situations where only the material costs of the conversion are valued and where savings in
both maintenance goods and labor can be realized (in fact, this scenario theoretically may
not even require an incentive to generate financial savings in an acceptable investment
timeframe).
Situations where both the material costs of the conversion and the labor cost of the
conversion are valued and where savings in both maintenance goods and labor can be
realized.
Situations where only the material costs of the conversion are valued and where only
savings in maintenance goods (not labor) can be realized.
Situations where both the material costs of the conversion and the labor cost of the
conversion are valued and where only savings in maintenance goods (not labor) can be
realized.
Longer Time to Investment Return

Considering that the optimal price point for the first three of these scenarios is probably covered
by the current incentive level, but not the old $0.40-per-square-foot incentive, it may be that the
SNWA hit upon a critical threshold value in stimulating the marketplace when it went to the

55

$1.00 per-square-foot level in 2003. A recent surge in program interest in the residential sector is
consistent with this (Appendix 5). Even in the fourth scenario, the current incentive level
shortens the payback time such that the project might be deemed affordable by many people (see
the associated 5-yr ROI). While few, if any, residents do a detailed economic assessment of the
payback time for their respective xeriscape conversion projects, the dollar per square-foot is
almost certainly perceived to make conversion projects much more “affordable,” plus there is
significant symbolic value to the $1.00-per-square-foot figure versus the past sub-dollar incentive
levels.
If the payback time outputs presented in this model are close to reality, it may be that SNWA’s
Water Smart Landscapes program will continue to experience high interest until a point where
materials, supply (i.e., practically convertible turf), or services associated with the conversion
project come to be in short supply and/or become expensive enough to cause feedback such that
program enrollment is slowed.
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Only Maintenance Goods Conserved
(or when labor savings not realizable)

FIGURE 15: Summary of Economics of Typical Single-Family Xeriscape
Conversion Projects Under Different Scenarios
Only Conversion Material Costs

Avg. Payback Time at $1.00 per SqFt:
3-4 Years

Avg. Payback Time at $1.00 per SqFt:
5-6 Years

Avg. Payback Time Without Incentive:
5-6 Years

Avg. Payback Time Without Incentive:
8-9 Years
Incentive Required for 3-Year ROI:

Incentive Required for 3-Year ROI:

$2.23/SqFt

$1.03/SqFt

Incentive Required for 5-Year ROI:

Incentive Required for 5-Year ROI:

$1.34/SqFt

$0.14/SqFt

Conserved Maintenance Goods and Labor

Conversion Material Costs + Labor

Avg. Payback Time at $1.00 per SqFt:
1-2 Years

Avg. Payback Time at $1.00 per SqFt:
2-3 Years

Avg. Payback Time Without Incentive:
2-3 Years

Avg. Payback Time Without Incentive:
4-5 Years
Incentive Required for 3-Year ROI:

Incentive Required for 3-Year ROI:
None Req.

$0.91/Sqft
Incentive Required for 5-Year ROI:

Incentive Required for 5-Year ROI:
None Req.

None Req.
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SNWA Perspective
The financial viability of SNWA’s Water Smart Landscapes Program is difficult to assess as
resource alternatives available to the Authority against which this “water option” may be
measured are diverse and have widely divergent respective costs (SNWA20 2003). Furthermore,
availability of water resources is not constant and shortage or surplus conditions can exist which
can make using these as standards against which conservation programs can be measured again
difficult. A prime and current example of this is the drought that the Lower Colorado River Basin
is experiencing which is currently impacting SNWA (SNWA Drought Plan21 2003). In these
types of situations, the economics of conservation programs are obviously enhanced, and it is
against this backdrop that the economics of the Water Smart Landscapes Program is being
considered in this study.
In Hessling’s analyses13, the drought had not yet been recognized and designated as such and
SNWA had no drought policies in place at the time of the analysis. He grounded his analysis in
comparing the marginal cost of water in the Southwest to the marginal benefit realized by the
incentive program. In doing so, he concluded that the cost of the incentive program at the time
was just offset by its resource value, and the program was thus a worthwhile initiative (see
analysis for details).
In 2004, a reanalysis of the Water Smart Landscapes Program was done to consider the economic
viability of it in the face of the drought and the current resource and program incentive values.
Given the current scarcity of local water resources, the drought, and the fact that SNWA is now
approaching the point of withdrawing its full Colorado River allotment (SNWA20 2003), the
Las Vegas Valley Water District has recently paid $9,500 per acre-foot for undeveloped
groundwater rights in the local basin and, furthermore, views this purchase as a bargain
(LVVWD22 2003). Because the largest purveyor member in the SNWA is willing to pay this
amount currently for undeveloped, non-administered water rights, this should be a good
alternative price for comparing the cost effectiveness of the program on a per-square-foot basis
(not including administrative and advertising costs).
It follows that to estimate the savings yielded by the program in dollars per square foot, the above
marginal cost of water, converted to a square-foot basis, can be multiplied by the savings per
square foot yielded by the conversion as below:
$9,500 per acre-foot X 325851 gallons per acre-foot X 55.8 gallons per sqft yield = $1.627 per sqft

The cost calculation is slightly more complex, as the SNWA not only spends the $1.00 per square
foot to incentivize the conversion, but it also forgoes the yield it would have claimed on this
amount had it invested it. The mature yield of municipal bonds in February 2004 is used as this
alternative rate. Thus the true cost per square foot for SNWA can be estimated as:
$1.00 per sqft expended + ($1.00 + 4.65% mature interest yield if invested instead) = $1.047

The cost-effectiveness of the program can then be calculated as the difference between these
values:
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$1.627 per sqft saved - $1.047 per sqft saved = $0.58 per sqft net positive value to SNWA

The analysis suggests that for each dollar the SNWA is spending for the incentive, it is bringing
in $1.58 and that the program appears as such to be a good deal from a financial perspective for
SNWA. The ca. 37% net positive value means the program should be financially advantageous
even with addition of the program advertising and administration costs which have not to date
been quantified.
In considering the theoretical maximum that SNWA could pay for the program (a component of
Objective 6), it should be noted that $1.627 is not the maximum as, again, the yield of the
alternative investment must be considered. Subtracting out this missed or forgone yield results in
a figure of $1.55 and this is the theoretical maximum price SNWA could currently justifiably
sustain. Again, the actual maximum would be anticipated to be lower due to program
administration costs.
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Executive Summary and Conclusions
The major conclusions of this research are as follows:
1. Xeriscape conversion projects can save vast quantities of water at single-family
residences. Homes in this study saved an average of 96,000 gallons annually following
completion of an average-size conversion project. This is a savings of 30% in total annual
consumption; a finding in line with those yielded by other research studies in this region.
2. Over the long timeframe of this study, total yearly savings have neither eroded nor
improved across the years. On average, household consumption drops immediately and
quickly stabilizes.
3. There is an enormous difference in application of water to locally used turfgrasses and
xeric landscape by residents. On average, each year residents applied 73.0 gallons per
square foot (117.2 inches) of water to grow turfgrass in this area and just 17.2 gallons per
square foot (27.6 inches) to xeric landscape areas. The difference between these two
figures, 55.8 gallons per square foot (89.6 inches) is the theoretical average savings
yielded annually by having xeriscape in lieu of turf in this area. This is a substantial
savings (76.4%) when considered in the context of the available residential water
conservation measures. A sub-study of other commercial properties with xeriscape found
the average application to xeric areas by these customers to be essentially equivalent to
that observed for the residential customers.
4. Over the course of a year, the difference in application between turf and xeric areas varies
in a predictable bell-shaped-curve manner, with the greatest difference occurring in
summer. This is because turf irrigation peaks to a much greater extent in summer than
xeric irrigation. The difference in irrigation between these two types of landscape varies
from as little as 1.56 gallons per square foot for the month of December, on up to
9.62 gallons per square foot for the month of July.
5. In comparing irrigation application to the reference evapotranspirational rate (ETo), it was
found that on average application to turf exceeded ETo in every month except March,
exceeding it the most May through November. In contrast, xeric application remained
well below ETo year round.
6. The author experimented with using a locally invoked “rule-of-thumb” which holds that
xeric plantings require about a third of the evapotranspirational rate as needed for turf. In
comparing this developed reference, 0.33(ETo), to application, it was found that these
values were, in absolute terms, somewhat close month to month and very close over the
entire year. In comparing this developed reference to application, it was found that xeric
application was below 0.33(ETo) half the year and above it the other half of the year
(September-February).
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7. Relative to questions about irrigation management and the potential for further efficiency
gains, findings associated with conclusions 4 through 6 and subsequent analyses led the
author to the suggest that (i.) the greatest absolute savings from assorted improvements in
irrigation will be realized in the summer, but (ii.) the most readily obtained efficiency
improvements (i.e., not requiring capital outlays) yielded from better controller
management may be obtained September through January, as this is the period when a lot
of residents fail to successfully decrease irrigation in response to lower irrigation
requirements (for both types of landscape).
8. Multivariate regression modeling was used to help discover some of the factors associated
with variability in water consumption at single-family residences. These are:
i.
The amount of turf at the residence (positive correlation).
ii.
The property value of the residence (as indicated by the local assessor’s office;
positive correlation).
iii. The age of the residence (positive correlation).
iv.
The total income of the property’s residents (positive correlation).
v.
Whether or not the turfgrass present at the residence is Fescue (a locally popular
cool-season grass; positive correlation). As a side-result from one of the
multivariate analyses, Bermuda grass may be receiving approximately 59 gallons
per square foot per year – certainly less than the application for the much more
common cool-season grass in this study.
Some variables which were significant in many other incarnations of the model (but not
the final model) include parcel size, surface area of open water for pools and spas, the
total number of occupants living at the residence, and total landscapeable area.
9. A similar approach was used to identify some of the factors associated with variability in
irrigation application to monitored xeric areas. These are:
i.
The total canopy coverage within the xeric area (positive correlation).
ii. The average per-station flow rate of the installed irrigation system serving the
xeric area (positive correlation).
iii. The size of the xeric area (positive correlation).
iv.
The property value of the residence (positive correlation).
v.
Parcel size (inverse correlation).
vi. Whether or not the irrigation system was exclusively a drip irrigation system (i.e.,
not composed of microsprays, bubblers, other higher flow emitters, or
combinations of emitters; inverse correlation).
vii.
Whether or not the resident responsible for managing irrigation at the home is
knowledgeable about enforcement of local provisions prohibiting outdoor water
waste (inverse correlation).
10. Tracking of the costs residents incurred when converting their landscapes from turf to
xeric landscape revealed that at the time of the study, the average conversion cost was
$1.55 per square foot across all of the conversion projects for which data was available.
The average cost for those who did the work themselves was $1.37 per square foot, and
for those employing a contractor, it was $1.93 per square foot. All of these costs are
probably higher today due to inflation and a strong market for conversion projects.
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11. In comparing those with 60% or more of their landscape as xeric landscaping and those
whose landscape was 60% or more turf, it was found that those with the majority as
xeriscape condition enjoyed a 2.2 hrs-per-month reduction in landscape maintenance and
an additional $206 per annum savings in direct maintenance expenditures as well. This
represented a savings of about a third in total landscape labor and maintenance
expenditures, respectively.
12. A model of two identical homes, one near the average for consumption (technically in the
fifth decile for consumption), the other the same, but having completed an average-size
conversion, revealed the following:
i.
The annual water bill savings yielded by landscape conversion projects can be
large. For the Las Vegas Valley Water District customer modeled, the annual
financial savings was $239.92 (figure includes all applicable surcharges). This
equates to a savings of nearly $0.15 per square foot.
ii.
This is a large savings of 54% in total annual charges for water consumption. This
level of savings is elevated over what might have been initially anticipated due to
an aggressive tiered water rate structure. The effective average fifth-decile annual
water charges with all surcharges added would be $2.13/kgal for the typical
traditional home and $1.85/kgal for the one having completed the average-size
conversion.
iii. The savings vary by season as expected by the findings associated with the
submeter data. Whereas the bill payer of the home having done the conversion
saved 25% ($5.68) in charges for December vs. the typical homeowner, the same
individual would realize an enormous savings of 70% ($40.84) for July. One of
the great benefits of xeriscape is that it drastically mediates “peaking” in summer,
making summer bills much more affordable for households, especially since power
bills also peak in summer.
13. A model was also created to explore payback time and the appropriateness of the financial
incentive. This revealed that payback time varies in part on whether or not homeowners
do the work themselves or enlist the assistance of a contractor and whether or not savings
in maintenance labor is actually realized. Modeling proceeded such that different
combinations of these scenarios were explored. The results suggest that in most situations
the current SNWA incentive is sufficient to help facilitate conversions such that there is an
acceptable time to return on investment (ROI) for the homeowner. In order of increasing
time to ROI from the point of conversion, with a dollar-per-square foot incentive from
SNWA, these are as follows:
• Situations where only the material costs of the conversion are valued and where
savings in both maintenance goods and labor can be realized (average payback time of
one to two years).
• Situations where both the material costs of the conversion and the labor cost of the
conversion are valued and where savings in both maintenance goods and labor can be
realized (average payback time of two to three years).
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•
•

Situations where only the material costs of the conversion are valued and where only
savings in maintenance goods (not labor) can be realized (average payback time of
three to four years).
Situations where both the material costs of the conversion and the labor cost of the
conversion are valued and where only savings in maintenance goods (not labor) can be
realized (average payback time of five to six years).

14. An economic analysis of the cost-efficiency of SNWA’s Water Smart Landscapes
Program suggests that in theory the program is cost-efficient and could be bringing in the
equivalent of $1.58 for each $1.00 spent on rebate incentives (a 37% positive return) by
way of effectively freeing up local water resources for immediate use. When the
opportunity cost is included in the calculation, it is determined that the theoretical
maximum incentive SNWA should be currently willing to pay in 2004 dollars is $1.55 per
square foot (the actual maximum is less due to program administration costs). In practice,
this means it is probably not cost-effective to raise the incentive further at this time as the
level necessary to yield a 3-yr ROI for those not yet facilitated to convert (i.e., the final
bulleted scenario in Conclusion 13) equates to $2.23, an incentive level far in excess of the
theoretical top-out point for an incentive provided by SNWA. Furthermore, in the
majority of modeled scenarios, the dollar per-square-foot is sufficient incentive for
homeowners to justify the landscape conversion project.
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APPENDIX 1: ATTACHMENT A (SCOPE OF WORK) FOR BOR
AGREEMENT 5-FC-30-00440 AS REVISED 11/19/98
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APPENDIX 2: MULTIVARIATE MODEL DETAILS
Note: Detailed definitions of variables and units for with each variable for both of the below
models appear in the corresponding sections within Sources of Significant Variability in SingleFamily Residential Consumption.
TABLE 19: Multivariate Regression Model of Annual Single-Family Residential
Consumption
Regression Summary
Dependent Variable: MAINMETE (i.e., annual consumption registered through mainmeter)
R2=0.80889235; Adjusted R2=0.80046113
F(9,204) = 95.940; p<0.0001
Std. Error of Estimate=76890
Variable
Beta
Std. Error
B
Std. Error
t(204)
p - level
of Beta
of B
Intercept
-90852.6
25413.77
-3.57494
0.000437
POOL
0.060698
0.035627
51.3
30.13
1.70371
0.089959
TOTALTUR
0.622464
0.041887
59.1
3.98
14.86045
0.000000
TOTALLAN -0.145252
0.102765
-5.5
3.90
-1.41344
0.159051
APPROXINC 0.073217
0.033839
0.3
0.14
2.16370
0.031649
FESCUE
0.068672
0.032854
25756
12322.71
2.09020
0.037839
TOTVAL
0.281661
0.051686
2.1
0.39
5.44950
0.000000
PARCELSI
0.214206
0.119536
5.9
3.28
1.79197
0.074620
NLTHOMEA 0.117091
0.043809
1600.6
598.85
2.67274
0.008132
TOTALOCC
0.52416
0.032356
8860.4
5469.42
1.61999
0.106780
TABLE 20: Multivariate Regression Model of Annual Xeric Study Area Consumption
Regression Summary
Dependent Variable: SUBMETER (i.e., annual consumption registered through submeter)
R2=.64787230; Adjusted R2=.41973852
F(7,178) = 18.394; p<0.0001
Std. Error of Estimate=32272
Variable
Beta
Std. Error
B
Std. Error
t(178)
p - level
of Beta
of B
Intercept
-7697.6
8973.436
-0.85782
0.392144
STUDYA
0.211132
0.068633
6.4
2.087
3.07623
0.002427
TOTALCAN
0.299352
0.069467
9.2
2.126
4.30934
0.000027
DONTKNOW 0.122082
0.57381
10922.2
5133.663
2.12756
0.034750
TOTVAL
0.213746
0.072592
0.4
0.137
2.94447
0.003667
PARCELSI
-0.211758
0.076239
-1.5
0.524
-2.77756
0.006064
AVGFLOWR 0.265679
0.064116
3637.4
877.802
4.14372
0.000053
DRIP
-0.133730
0.058997
-13615
6006.406
-2.26674
0.024609
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APPENDIX 3: RAW DATA
Raw data for possible further analysis is included in the file “BORdata.mdb.” A copy of this
Microsoft Access database file is being included on disk with submission of this report to BOR.
Below is the data description and dictionary for the file (this is also saved on disk).
Xeriscape Conversion Study Data Description
1. tblCustomerList – 716 Records, basic customer information.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Program – Indicates if the property is a xeriscape or turf study site
i. Text – 50
ii. XS = Xeriscape Study, TS = Turf Study
c. FirstName – Property occupant’s first name
i. Text – 50
d. LastName – Property occupant’s last name
i. Text – 50
e. Address – Address of property
i. Text – 50
f. City
i. Text – 50
g. Zip – Postal code
i. Text – 5
h. HomePhone
i. Text – 50
i. WorkPhone
i. Text – 50
j. Comments – Optional comment field
i. Memo
k. OwnerChange – Indicates if there has been a change in the ownership of the
property.
i. Boolean
l. FollowupMonth – Number of the month the property has been assigned to
schedule an annual follow-up site visit.
i. Text – 2
m. AccountNum – LVVWD / SNWA account number assigned to the property
i. Number – Long Integer
n. ServiceArea – Indicates if the customer receives service from LVVWD or one of
the other entities.
i. Text – 50
ii. S = LVVWD Service, O = Outside Entity.
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o. Agreement – Date the customer signed the agreement to become a participant in
the study.
i. Date/Time
p. FinalReview – Date final inspection site visit was conducted after the installation
of the submeter.
i. Date/Time
q. Status – File quality status indication.
i. Text – 50
r. FileQuality – Quality rating of file information
i. Text – 50
2. tblAllSubmeterData – 2667 Records, customer’s submetered consumption data.
a. nltClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. nitYear
i. Number – Integer
ii. Primary Key
c. txtEntity – Indicates which water provider services the customer
i. Text – 5
d. txtProgram – Indicates if the property is a xeriscape or turf study site
i. Text – 2
ii. XS = Xeriscape Study, TS = Turf Study
e. nstJan – January submeter consumption in gallons
i. Number – Single Precision
f. nstFeb – February submeter consumption in gallons
i. Number – Single Precision
g. nstMar – March submeter consumption in gallons
i. Number – Single Precision
h. nstApr – April submeter consumption in gallons
i. Number – Single Precision
i. nstMay – May submeter consumption in gallons
i. Number – Single Precision
j. nstJun – June submeter consumption in gallons
i. Number – Single Precision
k. nstJul – July submeter consumption in gallons
i. Number – Single Precision
l. nstAug – August submeter consumption in gallons
i. Number – Single Precision
m. nstSep – September submeter consumption in gallons
i. Number – Single Precision
n. nstOct – October submeter consumption in gallons
i. Number – Single Precision
o. nstNov – November submeter consumption in gallons
i. Number – Single Precision
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p. nstDec – December submeter consumption in gallons
i. Number – Single Precision
q. nstTotal – Total yearly submeter consumption in gallons
i. Number – Single Precision
3. tblAOX2 – 702 Records, parcel information from Assessor’s database
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. PLDECKSQF – Pool decking square footage
i. Number – Single Precision
c. STORAGESQF – Storage area square footage
i. Number – Single Precision
d. PAVE1SQF – Paved area one square footage
i. Number – Single Precision
e. PAVE2SQF – Paved area two square footage
i. Number – Single Precision
f. PATIO1SQF – Patio one square footage.
i. Number – Single Precision
g. PATIO2SQF – Patio two square footage
i. Number – Single Precision
h. PATIO3SQF – Patio three square footage
i. Number – Single Precision
i. GARAGE1SQF – Garage area 1 square footage
i. Number – Single Precision
j. GARAGE2SQF – Garage area 2 square footage
i. Number – Single Precision
k. CARPORTSQF – Carport area square footage
i. Number – Single Precision
l. FIRSTFLSQF – First floor footprint square footage
i. Number – Single Precision
m. TOTALHS – Total of all hardscape areas
i. Number – Single Precision
n. PARCEL – Assessor’s parcel number
i. Text – 11
4. tblETDatawithCustomerIDs – 716 Records, total monthly and annual
evapotranspiration rates for 2001 by month correlated with SNWA client identification
numbers.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. ETType
i. Text - 50
c. JanET
i. Number – Single Precision
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d. FebET
i. Number – Single Precision
e. MarET
i. Number – Single Precision
f. AprET
i. Number – Single Precision
g. MayET
i. Number – Single Precision
h. JunET
i. Number – Single Precision
i. JulET
i. Number – Single Precision
j. AugET
i. Number – Single Precision
k. SepET
i. Number – Single Precision
l. OctET
i. Number – Single Precision
m. NovET
i. Number – Single Precision
n. DecET
i. Number – Single Precision
o. TotalET
i. Number – Single Precision
5. tblETDatawithCustomerIDsAvg – 716 Records, average monthly and annual
evapotranspiration rates for 2001 by month correlated with SNWA client identification
numbers.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. ETType
i. Text – 50
c. JanAvgET
i. Number – Single Precision
d. FebAvgET
i. Number – Single Precision
e. MarAvgET
i. Number – Single Precision
f. AprAvgET
i. Number – Single Precision
g. MayAvgET
i. Number – Single Precision
h. JunAvgET
i. Number – Single Precision
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i. JulAvgET
i. Number – Single Precision
j. AugAvgET
i. Number – Single Precision
k. SepAvgET
i. Number – Single Precision
l. OctAvgET
i. Number – Single Precision
m. NovAvgET
i. Number – Single Precision
n. DecAvgET
i. Number – Single Precision
o. TotalAvgET
i. Number – Single Precision
6. tblInstalledCanopy – 447 Records, total of square feet of plant coverage of xeriscape
participants upon installation of the landscape.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. InstCanopyArea – Installed plant canopy square feet.
i. Number – Single Precision
7. tblParcelInfo – 702 Records, Information from Clark County Assessor’s office database
extracted November 2002.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. ParcelNum – Assessor’s office parcel number
i. Text – 11
c. ParcelSize – Size of parcel in square feet
i. Number – Single Precision
d. CONSTYR – Construction year
i. Number – Integer
SALEPRICE – Last Sales price
ii. Number – Long Integer
e. LYTOTAL – Last years assessed value land and improvement
i. Number – Long Integer
f. SALEDATE – Last sales date (Year)
i. Text - 6
g. nltHomeAge – Age of home calculated by construction year from the year 2001.
i. Number – Long Integer
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8. tblResults – 603 Records, collection of landscape areas, yearly water consumption data,
other site, and customer information
a. nltClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Program – (TS = Turf Study Participant, XS = Xeriscape Study)
i. Text – 50
c. Converted – Area converted if XS participant
i. Number – Single Precision
d. Pool – Square footage of pool surface if present
i. Number – Single Precision
e. GardenMon – Square footage of garden area where the irrigation is monitored by
the submeter
i. Number – Single Precision
f. GardenUnmon – Square footage of garden area where the irrigation is not
monitored by the submeter
i. Number – Single Precision
g. Other – Square footage of other undeveloped property area. No irrigation, plants,
or hardscape present.
i. Number – Single Precision
h. Study – Total xeriscape area where irrigation is monitored by the submeter.
Applies to XS participant only.
i. Number – Single Precision
i. TurfMon – Square footage of turf grass where irrigation is monitored by the
submeter.
i. Number – Single Precision
j. TurfUnmon – Square footage of turf area where the irrigation is not monitored by
the submeter
i. Number – Single Precision
k. XeriMon – Square footage of xeriscape where irrigation is monitored by the
submeter. (Applies to Turf Study Group)
i. Number – Single Precision
l. XeriUnmon – Square footage of xeriscape area where the irrigation is not
monitored by the submeter.
i. Number – Single Precision
m. TotalLandscape – Total of all landscapable area on the property.
i. Number – Single Precision
n. TotalEvaporative – Total of all landscapable area with pool area added.
i. Number – Single Precision
o. dtt2001SR – Date of final annual visit conducted in 2001.
i. Date/Time
p. AgeOfXeriscape – Age of xeriscape in days calculated by the difference in days
between the post submeter installation inspection and the final 2001 follow-up site
visit.
i. Number – Long Integer
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q. TotalXeriArea – Total of all xeriscape areas, monitored and unmonitored.
i. Number – Single Precision
r. Status – File quality status indication.
i. Text - 50
s. TotalCanopy – Total of all plant canopy areas as of the 2001 annual site visit.
i. Number – Single Precision
t. nitYear
i. Number – Integer
u. txtEntity – Water agency that services the customer.
i. Text - 5
v. Submeter2001 – Total gallons used in the year 2001 through the submeter
i. Number – Single Precision
w. Mainmeter2001 – Total gallons used in the year 2001 through the main meter
i. Number – Single Precision
x. pctGarden – Percent of total landscape area in garden
i. Number – Single Precision
y. pctXeri – Percent of total landscape in xeriscape
i. Number – Single Precision
z. pctTurf – Percent of total landscape area in turf
i. Number – Single Precision
aa. pctOther – Percent of total landscape in other non-landscaped area
i. Number – Single Precision
bb. pctPool – Percent of total landscape area in pool
i. Number – Single Precision
cc. pctXeriRank – Xeriscape study participants were divided into ten percent ranges
based upon percentage of landscape in xeriscape and given a ranking.
i. Number – Single Precision
dd. XeriDensity – Percent of plant coverage per square foot of xeriscape.
i. Number – Single Precision
ee. TurfType – Type of turf (Bermuda, Fescue, etc.) on property if present.
i. Text – 50
ff. BarrierType – Type of weed barrier present if Xeriscape study participant.
i. Text – 50
9. tblSurveyInfoOfInterest – 603 Records, Responses to survey questions. Each possible
response is listed as a separate field. The responses are grouped where appropriate.
a. CLIENTID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. SurveyAnswered – “Yes” or “No” Indicates if the customer answered any of the
questions on the survey.
i. Text – 3
c. CLOCKADJ – How many times per year the irrigation clock was adjusted
i. Number – Byte
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d. INCBILL – How much of an increase in the monthly bill would produce
conservation?
i. Number – Integer
e. RESPAGE – Respondent’s age
i. Number – Byte
f. Respondent’s gender
i. MALE
1. Number – Byte (1 = Yes, 0 = No)
ii. FEMALE
1. Number – Byte (1 = Yes, 0 = No)
g. Respondent’s marital status
i. MARRIED
1. Number – Byte (1 = Yes, 0 = No)
ii. SINGLE
1. Number – Byte (1 = Yes, 0 = No)
iii. WIDOWED
1. Number – Byte (1 = Yes, 0 = No)
h. RETIRED – Indicates if respondent is retired or not
i. Number – Byte (1 = Yes, 0 = No)
i. NATIVE – Native to southern Nevada?
i. Number – Byte (1 = Yes, 0 = No)
j. AGE65PLS – Number of residents at the property age 65 and older
i. Number – Byte
k. APROXINC – Median of a range of household income
i. Number – Long Integer
l. Respondent’s opinion on Water Waste enforcement
i. DONTKNOW
1. Number – Byte (1 = Yes, 0 = No)
ii. GOOD
1. Number – Byte (1 = Yes, 0 = No)
iii. LAX
1. Number – Byte (1 = Yes, 0 = No)
iv. STRICT
1. Number – Byte (1 = Yes, 0 = No)
m. Highest Education Level
i. ASSOCDEG – Associate’s degree
1. Number – Byte (1 = Yes, 0 = No)
ii. BACHDEG – Bachelor’s degree
1. Number – Byte (1 = Yes, 0 = No)
iii. GRADDEG – Graduate degree
1. Number – Byte (1 = Yes, 0 = No)
iv. HSDEG – High school degree
1. Number – Byte (1 = Yes, 0 = No)
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v. SOMECOLL – Some College
1. Number – Byte (1 = Yes, 0 = No)
vi. SOMEGRAD – Some graduate education
1. Number – Byte (1 = Yes, 0 = No)
vii. TECHTRAD – Technical or trade school
1. Number – Byte (1 = Yes, 0 = No)
viii. ADTECTRN – Advanced technical training
1. Number – Byte (1 = Yes, 0 = No)
n. Type of Grass at residence
i. BERMUDA
1. Number – Byte (1 = Yes, 0 = No)
ii. FESCUE
1. Number – Byte (1 = Yes, 0 = No)
iii. BUFFALO
1. Number – Byte (1 = Yes, 0 = No)
iv. BFMIX – Bermuda / Fescue Mix
1. Number – Byte (1 = Yes, 0 = No)
v. UNKNOWN
1. Number – Byte (1 = Yes, 0 = No)
vi. NONE
1. Number – Byte (1 = Yes, 0 = No)
10. tblSurveryTotBath – 623 Records, total number of bathrooms on the property
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Bathrooms
i. Number – Single Precision
11. tblSurveyTotOccupants- 341 Records, total number of occupants in the household at the
time of the survey.
a. nltClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. TotalOccupants
i. Number – Integer
12. tblIrrigationData – 355 Records, Irrigation system components for each property were
assessed, and each property assigned to one of the following categories.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. AvgFlowRate – Average flow rate of all stations
i. Number – Single Precision
c. BubblerDrip – Irrigation system is composed of bubbler and drip systems
i. Number – Integer (1 = Yes, 0 = No)
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d. BubblerDripSpray – Irrigation system is composed of bubbler, drip, and spray
systems
i. Number – Integer (1 = Yes, 0 = No)
e. Bubblers – Irrigation system is composed of bubblers
i. Number – Integer (1 = Yes, 0 = No)
f. BubblerSpray – Irrigation system is composed of bubbler and spray systems
i. Number – Integer (1 = Yes, 0 = No)
g. Drip – Irrigation system is composed of drip systems
i. Number – Integer (1 = Yes, 0 = No)
h. DripOff – Irrigation system is composed of drip systems with one or more other
irrigation zones turned off
i. Number – Integer (1 = Yes, 0 = No)
i. DripMicro – Irrigation system is composed of drip and micro-spray systems
i. Number – Integer (1 = Yes, 0 = No)
j. DripPopup – Irrigation system is composed of drip and popup spray systems
i. Number – Integer (1 = Yes, 0 = No)
k. DripSpray – Irrigation system is composed of drip and spray systems
i. Number – Integer (1 = Yes, 0 = No)
l. Hose – Irrigation is done with a hose
i. Number – Integer (1 = Yes, 0 = No)
m. Microspray – Irrigation system is composed of micro-spray systems
i. Number – Integer (1 = Yes, 0 = No)
n. Sprays – Irrigation system is composed of spray systems
i. Number – Integer (1 = Yes, 0 = No)
o. BubblerDripPopup – Irrigation system is composed of bubbler, drip, and popup
spray systems
i. Number – Integer (1 = Yes, 0 = No)
p. DripMicroPopup – Irrigation system is composed of drip micro-spray and popup
spray systems
i. Number – Integer (1 = Yes, 0 = No)
q. DripPopupSpray – Irrigation system is composed of drip, popup spray, and spray
systems
i. Number – Integer (1 = Yes, 0 = No)
r. DripPopupRotor – Irrigation system is composed of drip, popup spray, and rotor
systems
i. Number – Integer (1 = Yes, 0 = No)
s. DripLaser – Irrigation system is composed of drip and laser tube systems
i. Number – Integer (1 = Yes, 0 = No)
t. DripSoaker – Irrigation system is composed of drip and soaker hose systems
i. Number – Integer (1 = Yes, 0 = No)
u. DripTurfBubbler – Irrigation system is composed of drip and turf bubbler systems
i. Number – Integer (1 = Yes, 0 = No)
v. DripFountain – Irrigation system is composed of drip systems, and a fountain refill
is controlled with the irrigation clock
i. Number – Integer (1 = Yes, 0 = No)
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13. tblMulches – 715 Records, mulch and weed barrier information
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. txtMulch – Typical type of mulch
i. Text - 18
c. txtMulchSize – Typical size of mulch
i. Text - 50
d. txtMulchColor – Typical color of mulch
i. Text - 6
e. nstMulchDepth – Depth of mulch in inches
i. Number – Single Precision
f. yntWeeds – Indicates if excessive weeds are present
i. Boolean
g. yntSlope – Is a steep slope present?
i. Boolean
h. yntTraffic – Is there heavy traffic in landscape?
i. Boolean
i. yntAlkali – Indicates if excessive alkali deposits present at surface.
i. Boolean
j. txtBarrierType – Type of weed barrier
i. Text – 20
k. txtBarrierColor – Color of weed barrier
i. Text – 6
l. yntBarrierShowing – Is the barrier showing at surface?
i. Boolean
m. txtWear – Extent of wear
i. Text – 6
n. txtLocationType – Wear location type
i. Text – 16
14. tblMainmeterConsumption – 4318 Records, Gallons used per customer per month as
measured by the property’s main service meter.
a. nltClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. nitYear
i. Number – Integer
ii. Primary Key
c. txtEntity – Indicates which water provider services the customer
i. Text – 5
d. nstJan – January consumption in gallons
i. Number – Single Precision
e. nstFeb – February consumption in gallons
i. Number – Single Precision
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f. nstMar – March consumption in gallons
i. Number – Single Precision
g. nstApr – April consumption in gallons
i. Number – Single Precision
h. nstMay – May consumption in gallons
i. Number – Single Precision
i. nstJun – June consumption in gallons
i. Number – Single Precision
j. nstJul – July consumption in gallons
i. Number – Single Precision
k. nstAug – August consumption in gallons
i. Number – Single Precision
l. nstSep – September consumption in gallons
i. Number – Single Precision
m. nstOct – October consumption in gallons
i. Number – Single Precision
n. nstNov – November consumption in gallons
i. Number – Single Precision
o. nstDec – December consumption in gallons
i. Number – Single Precision
p. nstTotal – Total annual consumption in gallons
i. Number – Single Precision
15. tbl2001PropAreasOK4 – 673 Records, Property area information as recorded for the
year 2001.
a. nltClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Converted – Area converted from turf to xeriscape. Refers to “XS” Participants
only.
i. Number – Single Precision
c. Pool – Pool area if applicable
i. Number – Single Precision
d. GardenMon – Garden area where irrigation is being monitored by the submeter
i. Number – Single Precision
e. GardenUnmon – Garden area where irrigation is unmonitored by the submeter
i. Number – Single Precision
f. Other – Square footage of other undeveloped property area. No irrigation, plants
or hardscape present.
i. Number – Single Precision
g. Study – Total xeriscape area where irrigation is monitored by the submeter.
Applies to XS participant only.
i. Number – Single Precision
h. TurfMon – Square footage of turf grass where irrigation is monitored by the
submeter.
i. Number – Single Precision
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i. TurfUnmon – Square footage of turf area where the irrigation is not monitored by
the submeter
i. Number – Single Precision
j. XeriMon – Square footage of xeriscape where irrigation is monitored by the
submeter. (Applies to xeriscape study Group)
i. Number – Single Precision
k. XeriUnmon – Square footage of xeriscape area where the irrigation is not
monitored by the submeter.
i. Number – Single Precision
l. TotalEvaporative – Total of all landscape areas plus pool area.
i. Number – Single Precision
m. TotalLandscape – Total of all landscape areas.
i. Number – Single Precision
n. dtt2001SR – Date of 2001 follow-up site visit
i. Date / Time
o. AgeOfXeriscape – Age of xeriscape in days calculated by the difference between
the post submeter installation inspection and the final 2001 follow-up site visit.
i. Number – Long Integer
p. TotalXeriArea – Total of all xeriscaped areas
i. Number – Single Precision
q. TotalGarden – Total of all garden areas
i. Number – Single Precision
r. TotalTurf – Total of all Turf areas
i. Number – Single Precision
s. PctGarden – Percent of total landscape area in garden
i. Number – Single Precision
t. PctXeri – Percent of total landscape in xeriscape
i. Number – Single Precision
u. PctTurf – Percent of total landscape area in turf
i. Number – Single Precision
v. PctOther – Percent of total landscape in other non-landscaped area
i. Number – Single Precision
w. PctPool – Percent of total landscape in pool
i. Number – Single Precision
x. PctXeriRank – Xeriscape study participants were divided into ten percent ranges
based upon percentage of landscape in xeriscape and given a ranking.
i. Number – Long Integer
16. tblTurfOnlySubMonthly – 107 Records, monthly submeter consumption data and per
square foot usage for turf study group of participants. Note – this usage is limited to those
TS participants where ONLY turf was irrigated with submeter-monitored usage.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Year
i. Number – Integer
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c. Entity – Water purveyor that serves the customer
i. Text – 5
d. FileQuality – Quality rating of file information
i. Text – 10
e. Status – Customer status
i. Text – 7
f. TurfMon – Square feet of grass where irrigation is monitored by the submeter
i. Number – Single
g. JanCons – January submeter consumption in gallons
i. Number – Single
h. FebCons – February submeter consumption in gallons
i. Number – Single
i. MarCons – March submeter consumption in gallons
i. Number – Single
j. AprCons – April submeter consumption in gallons
i. Number – Single
k. MayCons – May submeter consumption in gallons
i. Number – Single
l. JunCons – June submeter consumption in gallons
i. Number – Single
m. JulCons – July submeter consumption in gallons
i. Number – Single
n. AugCons – August submeter consumption in gallons
i. Number – Single
o. SepCons – September submeter consumption in gallons
i. Number – Single
p. OctCons – October submeter consumption in gallons
i. Number – Single
q. NovCons – November submeter consumption in gallons
i. Number – Single
r. DecCons – December submeter consumption in gallons
i. Number – Single
s. JanGalSF – Gallons used per square foot of turf in January
i. Number – Single
t. FebGalSF – Gallons used per square foot of turf in February
i. Number – Single
u. MarGalSF – Gallons used per square foot of turf in March
i. Number – Single
v. AprGalSF – Gallons used per square foot of turf in April
i. Number – Single
w. MayGalSF – Gallons used per square foot of turf in May
i. Number – Single
x. JunGalSF – Gallons used per square foot of turf in June
i. Number – Single
y. JulGalSF – Gallons used per square foot of turf in July
i. Number – Single
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z. AugGalSF – Gallons used per square foot of turf in August
i. Number – Single
aa. SepGalSF – Gallons used per square foot of turf in September
i. Number – Single
bb. OctGalSF – Gallons used per square foot of turf in October
i. Number – Single
cc. NovGalSF – Gallons used per square foot of turf in November
i. Number – Single
dd. DecGalSF – Gallons used per square foot of turf in December
i. Number – Single
17. tblTurfOnlySubYearly – 107 Records, yearly submeter consumption data and per
square foot usage for turf study group of participants. Note – this usage is limited to those
TS participants where ONLY turf was irrigated with submeter-monitored usage.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Year
i. Number – Integer
ii. Primary Key
c. Entity – Water purveyor that serves the customer
i. Text – 5
d. TurfMon – Square feet of grass where irrigation is monitored by the submeter
i. Number – Single
e. GalSqFt – Gallons used per square foot of turf per year
i. Number – Single
f. YearlyCons – Total submetered consumption for the year.
i. Number – Single
g. FileQuality – Quality rating of file information
i. Text - 8
h. Status – Customer status
i. Text – 7
18. tblXeriOnlySubMonthly – 1550 Records, monthly submeter consumption data and per
square foot usage for xeriscape study group of participants. Note – this usage is limited to
those XS participants where ONLY xeriscape was irrigated with submeter-monitored
usage.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Year
i. Number – Integer
ii. Primary Key
c. Entity – Water purveyor that serves the customer
i. Text – 5

88

d. ConvNew – Indicates if the property’s xeriscape was a new installation or a
conversion of grass to xeriscape.
i. Text – 4
e. Status – Customer status
i. Text – 7
f. FileQuality – Quality rating of file information
i. Text – 10
g. XeriMon – Square feet of xeriscape where irrigation is monitored by the submeter
i. Number – Single Precision
h. JanCons – January submeter consumption in gallons
i. Number – Single Precision
i. FebCons – February submeter consumption in gallons
i. Number – Single Precision
j. MarCons – March submeter consumption in gallons
i. Number – Single Precision
k. AprCons – April submeter consumption in gallons
i. Number – Single Precision
l. MayCons – May submeter consumption in gallons
i. Number – Single Precision
m. JunCons – June submeter consumption in gallons
i. Number – Single Precision
n. SepCons – September submeter consumption in gallons
i. Number – Single Precision
o. OctCons – October submeter consumption in gallons
i. Number – Single Precision
p. NovCons – November submeter consumption in gallons
i. Number – Single Precision
q. DecCons – December submeter consumption in gallons
i. Number – Single Precision
r. JanGalSF – Gallons used per square foot of xeriscape in January
i. Number – Single
s. FebGalSF – Gallons used per square foot of xeriscape in February
i. Number – Single
t. MarGalSF – Gallons used per square foot of xeriscape in March
i. Number – Single
u. AprGalSF – Gallons used per square foot of xeriscape in April
i. Number – Single
v. MayGalSF – Gallons used per square foot of xeriscape in May
i. Number – Single
w. JunGalSF – Gallons used per square foot of xeriscape in June
i. Number – Single
x. JulGalSF – Gallons used per square foot of xeriscape in July
i. Number – Single
y. AugGalSF – Gallons used per square foot of xeriscape in August
i. Number – Single
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z. SepGalSF – Gallons used per square foot of xeriscape in September
i. Number – Single
aa. OctGalSF – Gallons used per square foot of xeriscape in October
i. Number – Single
bb. NovGalSF – Gallons used per square foot of xeriscape in November
i. Number – Single
cc. DecGalSF – Gallons used per square foot of xeriscape in December
i. Number – Single
19. tblXeriOnlySubYearly – 1550 Records, yearly submeter consumption data and per
square foot usage for xeriscape study group of participants. Note – this usage is limited to
those XS participants where ONLY xeriscape was irrigated with submeter-monitored
usage.
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. Year
i. Number – Integer
ii. Primary Key
c. Entity – Water purveyor that serves the customer
i. Text – 5
d. ConvNew – Indicates if the property’s xeriscape was a new installation or a
conversion of grass to xeriscape.
i. Text – 4
e. XeriMon – Square feet of xeriscape where irrigation is monitored by the submeter
i. Number – Single Precision
f. YearlyCons– Total submetered consumption for the year.
i. Number – Single
g. GalSqFt – Gallons used per square foot of monitored xeriscape per year
i. Number – Single
h. FileQuality – Quality rating of file information
i. Text – 10
i. Status – Customer status
i. Text – 7
20. tblPlantList – 538 Records, list of plants used to verify xeriscape participant’s
compliance with minimum canopy standards for program participation and classification
of landscape plants in subsequent follow-up visits.
a. PlantID
i. Number – Long Integer
ii. Primary Key
b. Genus
i. Text - 50
c. Species
i. Text - 50

90

d. Var/Cult – Variety or cultivar of plant
i. Text - 50
e. Common Name
i. Text - 50
f. Width – Expected mature width of the plant
i. Number - Single
g. Height – Expected mature height of the plant
i. Number - Integer
h. Plant Habit – Type of plant (shrub, tree, etc.)
i. Text - 50
i. H20Use – Rated plant water needs.
i. Text – 50
21. tbl2001HomeSales – 45 Records, data provided by SalesTraq. Information related to
home sales in Southern Nevada area in the year 2001 by zip code.
a. Zipcode
i. Text – 5
ii. Primary Key
b. NumberSold – Number of homes sold in zip code
i. Number – Single Precision
c. MedianPrice – Median price of homes sold in zip code
i. Number – Single Precision
d. AvgPrice – Average price of homes sold in zip code.
i. Number – Single Precision
e. AvgPricePerSqFt – Average Price per square foot of homes sold in zip code.
i. Number – Single Precision
f. AvgSize – Average size of homes sold in zip code.
i. Number – Single Precision
g. Volume – Total value of homes sold in zip code
i. Number – Single Precision
h. AvgAge – Average age of homes sold in zip code
i. Number – Single Precision
22. tblMeterInfo – 716 Records
a. ClientID – SNWA Customer identification number
i. Number – Long Integer
ii. Primary Key
b. MeterNum – Serial number stamped on submeter by manufacturer
i. Text – 50
c. Installed – Date submeter was installed by contractor
i. Date/Time
d. Cost – Cost of meter installation
i. Number – Single Precision
e. RetrofitNum – AS/400 account number assigned to submeter
i. Number – Long Integer
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f. Location – approximate location of submeter on site.
i. Memo
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APPENDIX 4: INFORMATION ON SINGLE-FAMILY RESIDENTIAL WATER BILL MODEL
A model was used to explore the differences in water consumption charges for a typical fifth
decile in consumption LUC 110 property (single-family home) and one doing an average-size
conversion. The model assumes the properties are in the Las Vegas Valley Water District’s
service area and subject to its regular service rules. A typical 5/8-inch-meter size was assumed
(meter size in large part determines rate per consumption unit). Rates for each tier and the size of
the tier rate block appear below in the screen shot of the actual modeling processes for the model
used in this report. As demonstrated, within a given billing cycle the rate for the first
5,000 gallons is $1.05/kgal, the next 5,000 gallons after the initial 5000 costs $1.75/kgal, the next
10,000 gallons after these first 10,000 gallons is $2.38/kgal and so on (for billing purposes, the
utility rounds to the nearest thousand gallons). In addition to the direct charges for the water,
SNWA purveyor members bills commonly include a service charge, a commodity charge, and a
reliability charge and these are reflected in the model below, so that the outputs are reflective of
actual bills. A 30-day billing cycle was assumed.
In practical terms, the calculation of outputs in the model and the savings is derived by
multiplying the expected average savings per square foot per month that would be yielded by a
conversion (as calculated from Table 18) by the average-size conversion and then subtracting this
from the fith-decile consumption level. This yielded the costs with having done the conversion
(below called “Total Bill). In contrast, the cost without doing the conversion (i.e., “Average
Fifth-Decile bill without reduction”) is shown under the “did conversion” scenario. The
difference between these, highlighted in red, is the anticipated monthly bill savings yielded from
having completed the conversion project.
Water Bill Calculator Screen Shot
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APPENDIX 5: INFORMATION ON HOMEOWNER PERSPECTIVE MODEL
The model is a dynamic Net Present Value Model that calculates the NPV of the project in future
years. It does this by computing the difference in the yield by converting to xeriscape to the costs
(water and maintenance) incurred by keeping turfgrass over the years.
“Conversion cost” and “awarded incentive” are products of the associated rates and the square
feet converted. These are onetime costs. The “interest rate” is the discount or alternative rate
(i.e., the rate associated with the loss incurred by spending money on the conversion rather than
placing it in an interest-bearing account). The “average yearly rate increase” is the long-time
average increase in water costs. “Yearly maintenance savings” is a product of the “Labor
Savings” and “Direct Maintenance” variables (which are themselves calculated in a manner
similar to “awarded incentive,” however, these savings are yielded each year). “Average total bill
savings for a year” is not automatically calculated, but entered either by use of real data or
modeled bill savings (see Appendix 4). Model Outputs are “NPV” and “Year.” Year 0 is the
year of the conversion.
This model can directly yield the payback time with and without the incentive. By iterative
process one can then develop what the input variables values would need to provide for a positive
NPV at a given year. This is how the values for the third and fifth-year ROIs were developed for
Figure 15. Example inputs and outputs are given below. In this case, at $1.00 per square foot, the
conversion reached a positive NPV between years one and two.
In terms of yielding the actual data in Table 15, the following were used as data sources:
“Square Feet Converted” – This was the average conversion size for SNWA’s Water Smart
Landscapes Program in early 2004.
“Incentive Level” – This was the $1.00 per square foot incentive level for almost all single-family
conversion projects in SNWA’s Water Smart Landscapes Program in early 2004 (also see
Appendix 5).
“Conversion cost” – This was the conversion cost as revealed by survey. This was one of the
variables that were modified to reflect whether or not one did the conversion themselves or
utilized contract assistance. Rates for each of these scenarios were developed based on
compilation of receipts from both types of installations.
“average total bill savings for a year” – This was the yearly savings as provided by a model of the
Las Vegas Valley Water District for a LUC 110 property in the fifth decile (mid-range) of
consumption (see Appendix 4 for details on this model).
“interest rate” – This was the interest rate of a home equity loan in early February 2004.
“average yearly rate increase” – This is the average yearly rate increase for the Las Vegas Valley
Water District over the long term. In practice, the District has often gone significant periods of
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time without a rate increase and then increased them much more than 3%, but this was the most
practical method of doing the calculation for purposes of creating the model.
“Labor Savings” – This was adapted from Hessling12 (2001). This savings was effectively turned
on or off to see the impacts of the situations when labor savings are and are not realized. See text
for additional information.
“Direct Maintenance” – This rate was derived from the maintenance survey data and is per
Hessling12 (2001).

Examples of Homeowner Perspective Model Inputs and Outputs

Inputs:
Type
Square Feet Converted
1616
Incentive level
$1.00
Conversion cost:
$1.37
conversion cost:
$2,213.92
average total bill savings for a year:
$240.00
awarded incentive:
$1,616.00
interest rate:
6.32%
average yearly rate increase
3.00%
Labor Savings
Labor Savings
Direct Maintenance
Direct Maintenance
Yearly maintenance savings

$0.20
$323.20
$0.11
$177.76
$500.96
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NPV

Year
($2,070.88)
($636.58)
$751.63
$2,095.24
$3,395.67
$4,654.31

0
1
2
3
4
5

APPENDIX 6: INFORMATION ON SNWA’S WATER SMART LANDSCAPES PROGRAM
Growth of Program:

See Program Application (following)

96

Appendix I: Feasibility of Supplying Hill Farm with Reclaimed Water.

27 | H i l l F a r m L o n g R a n g e P l a n n i n g C o m m i t t e e R e p o r t , 1 0 / 1 1

Appendix J: Well and Pump Station Service Report Forms (currently missing)

28 | H i l l F a r m L o n g R a n g e P l a n n i n g C o m m i t t e e R e p o r t , 1 0 / 1 1

Appendix K: Pump Service Agreement (currently missing)

29 | H i l l F a r m L o n g R a n g e P l a n n i n g C o m m i t t e e R e p o r t , 1 0 / 1 1

Appendix L: Synthetic Grass, S. Merski, 2010
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Appendix M: Wireless Irrigation Control System (currently no reference)
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Appendix N: Appendix N: Water for Tucson’s Future, Long Range Water Plan 2000 –
2050, Tucson Water, City of Tucson, AZ.
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UPDATE TO WATER PLAN: 2000-2050
EXECUTIVE SUMMARY
This is the first update to Water Plan: 2000-2050, and it provides the City of Tucson’s Mayor &
Council with a renewed view of the community’s water-resource future. The City of Tucson
Water Department (Tucson Water) issued Water Plan: 2000-2050 in 2004 to initiate a dialogue
between the Utility and the community about the water-resource challenges which need to be
addressed in the coming years. Although the substantive issues and challenges remain largely the
same, the planning timeframes within which to address them have changed. The Update also
accounts for revised population projections that have since been developed, an increase in the
City’s Central Arizona Project allocation, and changed planning
assumptions and priorities which have evolved in the three years
since Water Plan: 2000-2050 was issued.
Both Water Plan: 2000-2050 and this Update clearly
demonstrate that the community served by Tucson Water has the
water resources available to provide a long-term, sustainable
water supply. This supply is sufficient not only for Tucson
Water’s current residents but also for those who are projected to
come in the next several decades. Tucson Water’s rate payers
have already invested in developing the Utility’s water-resource
portfolio and its extensive water distribution systems. As a
result, the community’s remaining water-resource challenges
primarily involve increasing system reliability and securing
sustainable water supplies for new growth in the decades
beyond.
The extent and timing of future growth in areas to be served by Tucson Water will be determined
by land-use issues currently being addressed by planning authorities in the region. The
recommendations in Water Plan: 2000-2050 and this Update provide the Utility with the
flexibility needed to accommodate future land-use decisions while ensuring a safe and
sustainable water supply for Tucson Water’s customers.
Both Water Plan: 2000-2050 and this Update emphasize the need for the Utility to continue
pursuing three general initiatives in order to ensure sustainable growth in the community:
1. Utilize fully the renewable water resources the City of Tucson currently has available;
2. Achieve more efficient water use through expanded conservation programming; and
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3. Acquire additional water supplies to increase reliability and meet future demand.
Tucson Water has taken specific actions which directly support these initiatives. With regard to
the first, Tucson Water plans to purchase the City’s entire Central Arizona Project allocation in
2009. The Utility is also investing in additional reclaimed water production facilities to meet
projected demand. Both of these actions will allow the Utility to further reduce its historical
reliance on ground water and increasingly shift to renewable supplies.
Managing water demand is a critical component of any water-resource plan. Further reductions
in per capita water demand will have a significant bearing on the water resources and system
improvements that will be needed over time. Water conservation, improving the Utility’s
distribution system efficiency and drought preparedness are three areas where progressive steps
have been taken with notable results.
Tucson Water has begun exploring opportunities to acquire additional water supplies to augment
its already substantial water-resource portfolio. It is anticipated that acquiring additional
resources will become increasingly competitive and costly both locally and statewide. Tucson
Water is working with the Central Arizona Water Conservation District who is actively
exploring ways to play the leading role in acquiring additional supplies for water interests in
Maricopa, Pinal, and Pima Counties. If this effort proves successful, it could minimize in-state
competition, reduce acquisition costs, and provide the physical means to convey additional
renewable supplies to Tucson Water’s service area.
This Update also highlights several developments and changes which have occurred since Water
Plan: 2000-2050 was issued in 2004:
• New population projections through 2030 have been developed that directly influence
projected water demand;
• The Utility has increased its annual Central Arizona Project allocation by 8,206 acre-feet
with the finalization of the Arizona Water Settlements Act;
• Inclusion of a scenario analysis which assesses potential impacts to future water demand
based on possible changes in the size of its ultimate service area and to the possible
implementation of more aggressive demand-management measures;
• The possibility that the Secretary of the Interior may declare a shortage on the Colorado
River sooner than previously projected;
• The need to further assess the community’s preference regarding the long-term mineral
content of the Colorado River water/ground-water blend to provide a final
recommendation to Mayor & Council in 2008;
• Greater recognition of the potential long-term impact that climate change may have on
the Utility’s available water resources and the community’s annual and seasonal demand
for water.
Many of these and other changes and developments have been discussed over time with the City
Manager’s Office, the City of Tucson’s Citizens’ Water Advisory Committee, the Environment,
Planning and Resource Management Subcommittee of the Mayor & Council, and the City of
Tucson Mayor & Council. This Update summarizes the substance of these discussions and
provides additional information about the evolving planning environment.
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LONG-RANGE PLANNING AREA REVISITED
The Long Range Planning Area, shown on Figure ES-1, includes areas currently served by
Tucson Water (dark blue) and undeveloped areas that the Utility is obligated to serve (light blue).
These two areas are collectively
referred to as the “Obligated
Area”, and represent areas
within the City limits or areas
where the utility is currently
contracted to serve. The
remaining geographic areas
(shown in green) are nonobligated areas of potential
service. The Obligated Area and
the non-obligated areas of
potential service are collectively
referred to as the Utility’s
“Potential Service Area.” Areas
shown in brown are those where
Tucson Water has no plans to
provide direct service.
Figure ES-1: Long Range Planning Area.

Regional Cooperation within the Long Range Planning Area
Even though Tucson Water has no plans to provide direct service to areas shown in brown on
Figure ES-1, the Utility continues to evaluate local water management issues and to work
cooperatively with water providers that serve these areas. Over the years, Tucson Water has
been an active participant in many formal and informal local groups, such as the Southern
Arizona Water Users Association (SAWUA), discussing various water management issues. In
2004 Tucson Water began discussions about regional cooperation on water resource issues with
the largest water providers in the area. Those discussions resulted in a 2006 proposal from
SAWUA for a cooperative water supply organization.
At approximately the same time, the Central Arizona Water Conservation District (CAWCD)
Board developed a strategic plan that included the goal of acquiring additional water resources
on the behalf of all water providers within its three-county service area. In effect, CAWCD
proposed to perform the same functions as envisioned under the SAWUA proposal but on a
much larger and far reaching scale. In addition, Pima County has proposed the establishment of a
countywide water-and-wastewater authority which would include all public and private water
and wastewater providers within the county.
As these alternative proposals have been discussed, local water providers have also continued to
discuss potential cooperative projects related to water supply and management. The discussions
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have included concepts such as joint projects for delivering renewable water supplies to areas of
need, common issues and concerns for coordinated lobbying at the State level, and consideration
of water credit transfers to reduce costs to ratepayers and meet water management goals.

POPULATION PROJECTIONS
Revised projections were used to develop population estimates for Tucson Water’s Obligated
Area and its Potential Service Area; these projections are graphically shown on Figure ES-2. The
Obligated Area population is estimated to increase from 638,936 in 2000 to approximately
990,000 in 2030 and to just over 1.1 million by 2050. The Potential Service Area population is
estimated to be about 1.1 million in 2030 and almost 1.3 million in 2050.
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Figure ES-2: Population Projections.

PROJECTING WATER DEMAND
Two significant issues have arisen since the development of Water Plan: 2000-2050 regarding
the extent of the City’s future water service area and the extent to which additional water
demand-management (i.e., water conservation) measures are implemented. This Update
addresses these emerging issues by presenting four future demand scenarios.
First, the City of Tucson historically has provided water service throughout the area
characterized in this Update as the Potential Service Area; the City’s willingness to serve within
this area typically has been limited only by the availability of infrastructure to serve proposed
new development. On December 11, 2007, the City Manager announced a new interim policy
under which the City will not agree to serve any new developments outside its Obligated Area
until such time as the Mayor & Council adopt a comprehensive policy regarding the City’s future
water service area. This new policy, if adopted by Mayor & Council, could significantly change
demand projections and the timing of resource utilization for the Tucson Water service area.
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Second, the Community Conservation Task Force recommendations have been developed but the
extent to which these recommendations will be implemented has not yet been determined.
Additional water conservation measures over and above what was recommended by the
Community Conservation Task Force have also been recommended. However, expanding
existing programs and implementing new, more aggressive conservation measures will require
additional investment and community support. In combination with a potential new policy on
service area expansion, decisions regarding the future level of water conservation efforts will
also impact future demand and resource utilization in the Tucson Water service area.
As a result of these new developments, four water demand projections based on the
combinations of two variables were developed for this Update. The two variables are service
area size and level of demand management (see below). Demand management for this Update
involves increased conservation measures and increased distribution system efficiencies that
result in fewer system losses.
Variable #1: Service Area Size - Reduce (or increase) the size of the potential
area that will be directly served by Tucson Water. In this
analysis, the future service area size is projected to be either the
Obligated Area or the Potential Projected Service Area.
Variable #2:

Level of Demand Management - Invest (or not invest) in
implementing additional, more aggressive water demandmanagement measures to reduce potable Gallons Per Capita
Per Day. In this analysis, additional demand-management is
assumed to be a ten percent reduction in potable demand by
2030. This reduction is based on information generated by the
Community Conservation Task Force and by the Utility’s
Water Loss Control Program.

These two variables combine into four unique sets of assumptions each of which is represented
in one of the demand scenarios shown in Figure ES-3. The results of a resource-demand analysis
of the resultant four scenarios illustrate how changes in two planning variables could impact
water resource utilization and the City’s Assured Water Supply designation in future years.
With Additional
Demand Management

Without Additional
Demand Management

Obligated Area

Scenario A

Scenario B

Potential Service
Area

Scenario C

Scenario D

Figure ES-3: Matrix of Demand Scenarios.
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Scenarios A and C approximate futures which assume additional investment in more aggressive
programs will occur. For comparative purposes, Scenarios B and D represent futures which
assume there would not be additional investment in such demand-management measures.
Review of Figure ES-4 indicates that projected water demand, as represented by each of the four
scenarios, is highly sensitive to the size of the area to be served and whether the Utility invests in
more aggressive demand-management measures.
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Figure ES-4: Projected Demand Scenarios.
Of the four, Scenario A has the smallest increase in projected water demand through 2050. This
projection represents future water supply needs within the smaller Obligated Area and assumes
that more aggressive demand-management strategies can be successfully implemented with the
support of the community. Under this scenario, the Utility’s total water demand is projected to
increase from 128,141 acre-feet in 2000 to approximately 180,000 acre-feet in 2030 and to about
215,000 acre-feet by 2050.
The demand scenario which approximates the largest projected increase in demand is represented
by Scenario D. This worst-case demand projection represents the most conservative portrayal of
the Utility’s future water supply needs. It assumes that the larger Potential Service Area would
be served solely by Tucson Water and that additional demand-management programs would not
be implemented above and beyond those already in place. Under this scenario, the Utility’s total
water demand is projected to increase to approximately 220,000 acre-feet per year by 2030 and
about 255,000 acre-feet by 2050. Scenarios B and C are indistinguishable in terms of projected
water demand and represent a mid-range increase in water demand through 2050.
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IMPLEMENTING THE PLAN
The recommended resource utilization plan presented in Water Plan: 2000-2050 consists of a
schedule for implementing programs and projects common to many possible water-resource
planning futures and specifies the scope and timing of critical water-management decision points
within the planning horizon.

Balancing Projected Demand with Available Resources
Success in implementing the resource utilization plan and in addressing the critical watermanagement choices to be made in 2008 and later will help determine how the Utility’s waterresources portfolio will be utilized in future years. These actions will determine to a considerable
degree how quickly Tucson Water will use its available water supplies, when additional water
supplies will need to be developed or acquired, and how demand may be managed in the future.
For purposes of illustration, four demand-resource projections are presented which correspond to
Scenarios A, B, C, and D. These demand-resource projections approximate potential resource
utilization possibilities and demonstrate how future changes in the planning assumptions could
impact resource planning decisions and the City’s AWS designation. Only Scenarios A and D
are summarized in this Executive Summary since they provide end-member perspectives on the
two critical planning assumptions analyzed.

Scenario A – Increased Demand Management in the Obligated Area
In addition to decreasing future demand by limiting the Utility’s service area expansion to the
smaller Obligated Area, this scenario is predicated under the assumption that the Utility’s potable
Gallons Per Capita Per Day would gradually be reduced by ten percent by 2030. The latter would
be achieved by implementing more aggressive demand-management measures beyond those
already in place.
Figure ES-5 provides a view of how the Utility’s resource utilization is projected to occur under
Scenario A. The Utility’s total water demand is projected to increase from 128,141 acre-feet in
2000 to approximately 180,000 acre-feet in 2030 and to about 215,000 acre-feet by 2050. This
projected increase in water demand over time is the smallest of the four scenarios. Under this
scenario, projected potable demand would exceed the sum of the City’s annual Central Arizona
Project allocation, its Incidental Ground-Water Recharge increment, and its annual Central
Arizona Ground Water Replenishment District contracted volume by about year 2032. However,
Tucson Water would still have available the balance of its renewable effluent resources not
committed to the Utility’s reclaimed water system and its reserve of non-renewable ground-water
credits.
The City could extend its Assured Water Supply (AWS) designation to about 2050 by depleting
its reserve of ground-water credits; instead, Tucson Water recommends these credits be
preserved as long as possible to provide planning flexibility for the future. It is more prudent to
use these credits as short-term transitional supplies while additional renewable supplies are being
acquired and/or developed.
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Tucson Water recommends that the resource planning priority be placed on developing
additional renewable resources such as the City’s effluent supplies, additional imported supplies
or a combination of both. In this manner, new growth after 2032 would become more
hydrologically sustainable and the City’s AWS designation could be extended well beyond 2050.
Of the four future scenarios analyzed, Scenario A delays the need to develop or acquire
additional renewable supplies furthest into the future and maximizes planning flexibility to deal
with future uncertainties.
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Figure ES-5: Scenario A, Projected Demand and Water Resource Utilization: 2000-2050.

Scenario D – Without Additional Demand Management in the Potential Service
Area
Scenario D is based on the conservative demand assumptions used in Water Plan: 2000-2050.
The Utility’s total water demand is projected to increase to approximately 220,000 acre-feet per
year by 2030 and about 255,000 acre-feet by 2050. It differs from Scenario A by assuming that
the entire Potential Service Area would be served by Tucson Water (an area twice as large as the
Obligated Area) and no additional demand-management measures would be implemented within
the 50-year planning horizon.
Review of Figure ES-6 indicates that projected potable demand would exceed the sum of the
City’s annual Central Arizona Project allocation, its Incidental Ground-Water Recharge
increment, and its annual Central Arizona Ground Water Replenishment District contracted
volume by about 2017. Tucson Water would still have available beyond 2017 the balance of its
renewable effluent resources and its reserve of non-renewable ground-water credits.
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The City could extend its AWS designation to about 2025 by depleting its reserve of groundwater credits; as with Scenario A, Tucson Water recommends these credits be preserved as long
as possible to provide planning flexibility for the future. Tucson Water recommends that the
resource planning priority be placed on developing additional renewable resources such as the
City’s effluent supplies, additional imported supplies or a combination of both. In this manner,
new growth after 2017 would become more hydrologically sustainable and the City’s AWS
designation could be extended further out in time. Of the four future scenarios analyzed,
Scenario D is the least able to delay the need to develop or acquire additional renewable supplies
and provides the least planning flexibility with which to deal with future uncertainties.
The demand-resource projections associated with Scenario B and Scenario C are equivalent and
would fall in between those shown for Scenario A and Scenario D.
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Figure ES-6: Scenario D Projected Demand and Water Resource Utilization:
2000-2050.

Decision Points
Water Plan: 2000-2050 outlined four critical decisions to be made at two key points in time:
2006 and 2014. In this Update, the key decision points have been revised. The first decision
point is projected to occur in 2008 and the timing of the second decision point is dependent upon
which of the four potential demand scenarios is relevant.

Decision Point 2008
In Water Plan: 2000-2050, the first two resource-management decisions pertaining to the use of
Colorado River water were projected to be made in 2006. The first decision was concerned with
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the long-term mineral content of the Clearwater blend of ground water and recharged Colorado
River water. In the coming months, the Utility will provide Mayor & Council its
recommendation regarding mineral content so that a final decision can be made in 2008.
The second decision focused on whether the Utility should consider bringing a surface (direct)
water treatment plant into service for a portion of the City’s current Central Arizona Project
allocation. The results of recent analyses indicate that continuing to rely on recharge and
recovery provides Tucson Water with greater operational performance and planning flexibility at
less cost. Therefore, Tucson Water has implemented several projects to ensure sufficient
facilities are in place to fully utilize the City’s entire Central Arizona Project allocation as early
as 2009.

The Next Decision Point
The Next Decision Point pertains to the development of additional renewable water supplies and
is dependent upon which of the service area and demand-management options are adopted by the
Mayor & Council. Scenarios A, B, C and D illustrate how these options impact the timing of the
Next Decision Point and determine how far into the future the City’s AWS designation can be
extended with the City’s currently available water resources. Depending on the direction from
the Mayor & Council, the timing of the Next Decision Point may vary from as early as 2014
under Scenario D to as late as 2027 under Scenario A. The City’s AWS designation may extend
to 2025 or perhaps beyond 2050.

CONCLUSIONS
Many of the recommendations and conclusions noted in Water Plan: 2000-2050 have already
been implemented while others are currently in process or have been revised to reflect the
changing planning environment. The updated recommendations are summarized below.
1. Emphasize “Wet” Water Management Strategies: The community’s sustainable future
ultimately depends on maintaining a physical hydrologic link between renewable water
sources and the infrastructure needed to convey those waters to customers within the
projected service area.
2. Utilize Renewable Ground Water: Tucson Water plans to limit its ground water
withdrawals at or below this hydrologically sustainable level in order to ensure the long-term
viability of the aquifer within the Utility’s service area.
3. Preserve City’s Ground-Water Credits for Longer Term: The City could extend its AWS
designation under any future scenario by depleting its reserve of non-renewable groundwater credits in the near or mid terms. Instead, Tucson Water recommends that these credits
be preserved as long as possible to provide planning flexibility for the future. It is more
prudent to use these credits as short-term transitional supplies while additional renewable
supplies are being acquired and/or developed. This would ensure that the water resources
needed to support new growth will be hydrologically sustainable.
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4. Reassess the Water-Quality Target for Colorado River Water: Customer preferences are
being reassessed through the on-going Decision H20 program by linking costs and
environmental sustainability issues with potential mineral level targets. The goal is to finalize
this aesthetic water-quality management decision in 2008.
5. Fully Utilize Colorado River Water: Between CAVSARP, SAVSARP, and the Pima Mine
Road Recharge Project, the Utility will have sufficient recharge capacity in place to fully use
its Central Arizona Project allocation as early as 2009.
6. Fully Utilize Effluent for Future Supply: Tucson Water recommends that the resourcemanagement goal should be to maximize the future use of the City’s effluent through
additional treatment and recharge in order to augment the aquifer within Tucson Water’s
service area.
7. Acquire Additional Water Supplies: The City of Tucson is already exploring opportunities
to acquire potentially available supplies to augment its water-resource portfolio. The
availability of additional water resources will become increasingly competitive and costly
both locally and statewide. The Utility is encouraged that the Central Arizona Water
Conservation District is actively exploring ways to play the leading role in acquiring
additional supplies for water interests in its three-county service area.
8. Manage Water Demand: Tucson Water is taking a number of actions to further manage
demand including expanded conservation programming, reducing lost and unaccounted for
water, encouraging the practice of water harvesting, and providing public information
programs. Additional demand management efforts have been evaluated and recommended by
the Community Conservation Task Force to further reduce per capita potable water use.

9. Adjust Development Fees to Shift the Cost of Growth to New Customers: Tucson Water
has developed a financial plan that continues to shift the cost burden of growth to new
customers as they are added to the system. The Utility recommends that in the future,
development fees be adjusted to ensure that existing customers do not inordinately bear the
cost of growth.

10. Continue to Expand Regional Cooperation: Tucson Water has taken steps to initiate new
cooperative efforts and expand existing ones with local providers. These cooperative actions
focus on acquiring additional sources of water supply, developing resource credit banking
agreements, and exploring potential win-win arrangements to wheel renewable resources
within the region.
The resource utilization plan will periodically be reassessed and revised as planning assumptions
and circumstances change over time. This is the first Update to Water Plan: 2000-2050, and
there will be others in the years to come. As the present unfolds into the future, the primary
necessity is to prepare for change since it is the only certainty. This recognition reinforces the
need for continuous planning and wise water management.
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SECTION ONE
INTRODUCTION
This is the first update to Water Plan: 2000-2050, and it provides the City of Tucson’s
Mayor & Council with a renewed view of the community’s water-resource future. The City
of Tucson Water Department (Tucson Water) issued Water Plan: 2000-2050 in 2004 to
initiate a dialogue between the Utility and the community about the water-resource
challenges which needed to be addressed in the coming years. Since that time, the substantive
issues and challenges remain largely the same; however, the planning timeframes within
which to address them have changed. In addition, planning assumptions and priorities have
evolved and revised population and water demand projections have been developed.
Both Water Plan: 2000-2050 and this update clearly demonstrate that the community served
by Tucson Water has the water resources available to provide a long-term, sustainable water
supply. This supply is sufficient not only for Tucson Water’s current residents but also for
those who are projected to come in the next few decades. Tucson Water’s rate payers have
already invested in developing the Utility’s water-resource portfolio and its extensive water
distribution systems. Many of the community’s water-resource challenges involve increasing
system reliability and securing sustainable water supplies for additional growth in the
decades beyond.
The extent and timing of future growth in areas to be served by Tucson Water directly relate
to land-use issues currently being discussed by planning authorities in the region. The
recommendations in Water Plan: 2000-2050 and this update provide the Utility with the
necessary flexibility to accommodate future land-use decisions while ensuring a safe and
sustainable water supply for Tucson Water’s existing and future customers.
This update relies on Water Plan: 2000-2050 as its primary source document; it serves as
Tucson Water’s most recent comprehensive revision to its long-range water resources plan.
Water Plan: 2000-2050 has received wide recognition as a significant accomplishment in
water-resources planning and has become a resource document and model for others. It was
predicated on a Scenario Planning approach which addresses the critical uncertainties that
can affect the community’s water future; the result is greater program viability and planning
flexibility. Water Plan: 2000-2050 was developed with the following resource-management
goals:
•

Meet Projected Total Water Demand.

•

Maximize Use of Renewable Water Resources.
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•

Meet Water-Quality Targets.

•

Achieve Sustainable Ground-Water Pumpage.

•

Manage Costs and Water Rate Impacts.

•

Comply with Assured Water Supply (AWS) Program.

Both Water Plan: 2000-2050 and this update emphasize the need for Tucson Water to
continue pursuing three general initiatives in order to effectively address the growing
community’s water-resource issues and challenges:
1. Utilize fully the renewable water resources it currently has available;
2. Achieve more efficient water use through expanded conservation programming or
demand management;
3. Acquire additional water supplies to increase reliability and meet future demand.
The Utility’s ability to implement these initiatives requires decision makers to address critical
decisions at key points in time. These decisions will in turn ensure the timely implementation
of projects and programs which will guarantee the long-term sustainability of the
community’s water resources.
This update highlights several developments and changes which have occurred since Water
Plan: 2000-2050 was issued in 2004. One significant change is that new population
projections through 2030 have been developed that directly influence projected water
demand and resource utilization. Another is the inclusion of an analysis which assesses the
sensitivity of projected water demand to potential changes in the size of the area to be served
and to the potential implementation of more aggressive demand management measures. The
third is the possibility that the Secretary of the Interior may declare a shortage on the
Colorado River sooner than previously projected. The fourth is the need to further assess the
community’s preference regarding the long-term mineral content of the Colorado River
water/ground-water blend to provide a final recommendation to Mayor & Council in 2008.
Fifth and finally, greater recognition is given to the potential long-term impact that climate
change may have on the Utility’s available water resources and the community’s demand for
water.
Many of these and other developments have been discussed over time with the City
Manager’s Office, the City of Tucson’s Citizens’ Water Advisory Committee (CWAC), the
Environment, Planning and Resource Management (EPRM) Subcommittee of Mayor &
Council, and the City of Tucson Mayor & Council. This update summarizes the substance of
these previous communications and provides additional information about the evolving
resource planning environment.
The update consists of seven sections. The first five sections document the support
information used to update the recommended resource-utilization plan. Section Two
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summarizes revised projections of Tucson Water’s potential service area populations through
2050. Section Three discusses the impact that these revised population projections and
potential demand-management initiatives can have on projected water demand. Section Four
reviews Tucson Water’s available water resources with emphasis given to the future
availability of the City of Tucson’s Central Arizona Project (CAP) allocation and the current
status of the City of Tucson’s Assured Water Supply (AWS) designation. Section Five
reviews the needs of Tucson Water’s potable and reclaimed water systems to convey water
supplies within its service area to meet demand as well as potential cooperative opportunities
to wheel the water resources of other local water providers.
The last two sections present the latest revisions to the recommended resource-utilization
plan and update the conclusions provided in Water Plan: 2000-2050. Section Six refocuses
Tucson Water’s resource-utilization and system plan noting progress in implementing many
of the previously identified common project/program elements and the results of the
expanded public outreach regarding Water Plan: 2000-2050. Special emphasis is given to
outreach efforts conducted to elicit customer preference regarding the long-term mineral
content of the Colorado River water/ground-water blend. Section Seven provides an update
on the key recommendations of the plan, summarizes the substantive conclusions of this
update, and discusses what may lie beyond the fifty-year planning horizon. The Appendices
(A through E) present more detailed information on specific issues discussed in this Update.
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SECTION TWO
PROJECTIONS OF POPULATION
Tucson Water revised its aggregate and spatial population projections based on updated
information generated by the Pima Association of Governments (2005a). In addition, an analysis
was conducted to assess the sensitivity of population projections to variations in the ultimate size
of the Utility’s service area.

LONG-RANGE PLANNING AREA REVISTITED
Tucson Water’s Long-Range Planning Area is outlined by the red boundary on Figures 2-1 and
2-2. The overall planning boundary has been revised in order to be more spatially contiguous
with bounding jurisdictions, preserved lands, and census polygons. The Long-Range Planning
Area is generally consistent with the planning areas utilized in Water Plan: 2000-2050 and in
Tucson Water Resources Plan 1990-2100 (CH2M Hill, 1989).
As shown on Figure 2-1, the Long-Range Planning Area includes areas currently served by
Tucson Water (dark blue) and those undeveloped areas that the Utility is obligated to serve (light
blue). The Utility’s obligation is limited by the terms of legal contracts and by the availability of
its assured water supplies. These dark and light blue areas are collectively referred to as the
“Obligated Area” which has a combined area of about 410 square miles. The color-coded areas
shown on Figure 2-1 are portrayed with limited resolution and should not be construed to be a
detailed, parcel-based determination of status. Tucson Water currently provides direct service
both within and outside the City limits. The light blue areas include undeveloped lands within the
existing City boundaries and a limited number of contracted areas outside the City where Tucson
Water is legally required to provide service. The Obligated Area can potentially be expanded
through the approval of future water-service contracts, City annexations, or by the direction of
the City Manager. The City Manager recently directed Tucson Water not to provide new services
outside the Obligated Area unless directed to do so.
The Long-Range Planning Area extends well beyond Tucson Water’s Obligated Area. The
geographic areas shown in green on Figure 2-2 are non-obligated areas which may be served by
Tucson Water and/or other water providers in the future. For the purposes of this Update, the
dark blue, light blue, and green areas shown on Figure 2-2 are collectively referred to as Tucson
Water’s “Potential Service Area” which has a combined area of approximately 780 square miles.
The Potential Service Area is almost twice as large as the Obligated Area and therefore contains
a significantly larger projected population. As with Figure 2-1, the color-coded areas shown on
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Figure 2-1: Tucson Water’s Long Range Planning Boundary, Current Service Area, and
Obligated Areas Currently Not Served.

Figure 2-2: Tucson Water’s Long-Range Planning Boundary and Potential Service Area.

Figure 2-2 are portrayed with limited resolution and therefore should not be considered to be a
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Figure 2-2 are portrayed with limited resolution and therefore should not be considered to be a
detailed, parcel-based determination of status. As per the City Manager’s direction, Tucson
Water will only commit to providing new services in areas shown in green when directed to do
so.
Areas where Tucson Water has no plans to provide direct service are shown in brown on Figure
2-2. This area includes the many other local water providers who have chosen to pursue their
own water-management objectives. The projected population contained within the brown areas is
not included in Tucson Water’s resource-planning projections. Nonetheless, the Utility has
common interests with these providers and is already providing various forms of indirect service
to many of them. Tucson Water also works with local water interests to identify and assess
possible resource and water-supply arrangements that would be mutually beneficial. More details
regarding more recent regional cooperative discussions and initiatives are in Section Seven.

POPULATION COUNTS AND PROJECTIONS
In Water Plan: 2000-2050, data sets provided by federal, state, and local governmental agencies
were used to project population in the Potential Service Area through 2050. Such population data
sets provide a common basis for conducting regional planning efforts. The U.S. Census Bureau
provided a count of the local population in Census 2000 which continues to serve as the decadal
baseline. This baseline will be reset after Census 2010.

Aggregate Population Counts and Projections
In 2005, Pima Association of Governments (2005a) updated projections for Pima County and
worked with local planning entities such as Tucson Water and the Pima County Regional
Wastewater Reclamation Department to provide revised aggregate and spatial population
estimates. The updated population projections have since been used to develop annual population
estimates for Tucson Water’s Obligated Area as well as revised estimates for the larger Potential
Service Area. The original 2050 spatial projection provided by PAG did not have the same
resolution as that shown for 2030 since the former was developed at the coarser census tract
level. PAG plans to provide an updated 2050 projection with finer resolution in 2008.
Annual population projections for Tucson Water’s Obligated Area and its Potential Service Area
are graphically shown on Figure 2-3. The annual projections for the 30 years between 2000 and
2030 were based on traffic analysis zone assessments at five-year increments; the 20 years
between 2030 and 2050 were linearly interpolated and are dashed indicating greater uncertainty.
The population for the Obligated Area is estimated to increase from 638,936 in 2000 to
approximately 990,000 in 2030 and to just over 1.1 million by 2050. The Potential Service Area
population is estimated to be approximately 1.1 million in 2030 and almost 1.3 million in 2050.
From 2000 through 2030, significant population growth is projected to occur on the fringes of
urban Tucson. This may entail further service area expansion in undeveloped obligated areas and
possibly in unobligated areas if so directed. The population in the Tucson Water service area
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continues to increase but at a slower rate than what was originally projected in Water Plan:
2000-2050. Nonetheless, the increasing number of people will create a growing need for water.

1,400,000
1,200,000
Potential Service Area

Population

1,000,000
800,000
Obligated Area
600,000
400,000
200,000
0
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Year

Based on Census 2000

Based on U.S. Census Tract Projection

Based on PAG’s Traffic Analysis Zones

Figure 2-3: Population Projections for Tucson Water’s Obligated Area and its Potential
Service Area.
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SECTION THREE
PROJECTED WATER DEMAND
The projections of aggregate water demand for the Obligated Area and the Potential Service
Area provide supply targets that need to be met in the years to come. These projections
depend in part on the size of the area (i.e. the number of people) to be served and on per
capita water usage. To meet these demand targets, Tucson Water will ensure that sufficient
water resources will be available when needed and that effective demand-management
measures will be implemented.

PER CAPITA WATER USAGE RATES
In order to derive projected total water demand from population projections, average per
capita water use of Tucson Water customers is determined. Such water usage is commonly
measured in gallons per capita per day (GPCD).
The total GPCD water usage rate for Tucson Water’s customer base has annually averaged
about 177 GPCD for many years. The components of total GPCD include about 14 GPCD to
meet reclaimed water demand and approximately 163 GPCD for all potable deliveries. Per
capita potable water usage can be further broken down into total residential use at 110
GPCD, commercial and industrial water use at 35 GPCD, and water loss at 18 GPCD. Except
for the past few years (which may be exceptional), the Utility’s total GPCD has been
relatively consistent for almost 25 years although the relative contributions of reclaimed and
potable demand have changed over time. As longer-term per capita use trends change, water
usage measures will similarly be revised.

PROJECTIONS OF TOTAL WATER DEMAND
Four projections of water demand were developed for this update to assess the potential
impact of two variables over the 50-year planning period:
Variable #1: Reduce (or increase) the size of the potential area that will be
directly served by Tucson Water; and
Variable #2: Invest (or not invest) in implementing additional, more
aggressive demand-management measures to reduce potable
GPCD.
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The ultimate size of Tucson Water’s potential future service area and its impact on projected
demand was evaluated by assessing the two differently-sized areas introduced in Section
Two—the Utility’s Obligated Area and the larger Potential Service Area. The potential
impact of additional demand-management on future water demand was assessed by assuming
potable GPCD will remain constant by not investing in additional demand management
measures (“without” condition) or it will gradually decrease ten percent from 163 to 147 by
2030 by making such investment (“with” condition). These two variables combine into four
unique sets of assumptions each of which is represented in one of the demand scenarios
shown in Figure 3-1.
Figure 3-1 indicates that Scenarios A and B focus on the smaller Obligated Area while
Scenarios C and D are concerned with the larger Potential Service Area. Similarly, Scenarios
A and C depict futures which assume investment in additional demand-management
measures while Scenarios B and D represent futures without such investment.
With Additional
Demand Management

Without Additional
Demand Management

Obligated Area

Scenario A

Scenario B

Potential Service
Area

Scenario C

Scenario D

Figure 3-1: The Four Demand Scenarios and Associated Planning Assumptions.
The potential for achieving a ten percent reduction is based on analyses performed by Tucson
Water’s Community Conservation Task Force (2006) and the Utility’s internal water-loss
reduction program. The Task Force concluded that its recommended projects could reduce
customers’ potable demand by about 7.5% over the proposed program’s implementation
period. Further reductions will also be achieved through the Utility’s internal water-loss
reduction program which seeks to improve system efficiencies. Taking into account both of
these initiatives, a water-demand reduction of at least ten percent could be realized by 2030
and beyond. For such water-use improvements to occur, Tucson Water will need both
community support and greater financial investment to develop and implement more
aggressive demand-management programs.
For all scenarios, the projected annual demand for reclaimed water use was increased from
the eight percent assumed in Water Plan: 2000-2050 to at least nine percent over the
planning period. This increase is due to recent changes in customer usage and anticipated
increases in demand in the near and mid terms.

Results of Scenario Analysis
Scenario A projects water demand in the Obligated Area through 2050 and assumes potable
GPCD will gradually decrease ten percent by 2030. Under this demand projection, Tucson
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Water’s total water demand over the 50-year planning period would increase from 128,141
acre-feet in 2000 to about 180,000 acre-feet in 2030 and approximately 215,000 acre-feet by
2050. Of the four scenarios, Scenario A has the smallest increase in projected water demand
as shown on Figure 3-2.
Under Scenario B, water demand is projected for the Obligated Area but differs from
Scenario A by conservatively assuming that potable GPCD would remain constant
throughout the 50-year planning period. Under Scenario B, the Utility’s total water demand
would increase from 128,141 acre-feet in 2000 to approximately 200,000 acre-feet in 2030
and about 235,000 acre-feet by 2050. Scenario C projects water demand for the larger
Potential Service Area but assumes that potable GPCD will gradually decrease ten percent by
2030. Under this demand projection, Tucson Water’s total water demand through 2050
would be essentially the same as in Scenario B. Both Scenarios B and C would result in a
relatively moderate increase in water demand as shown on Figure 3-2.
Scenario D, like Scenario C, also projects water demand in the larger Potential Service Area
but assumes potable GPCD would remain constant through 2050. Under this projection, the
Utility’s total water demand would increase from 128,141 acre-feet in 2000 to approximately
220,000 acre-feet in 2030 and about 255,000 acre-feet by 2050. This projection is consistent
with the 50-year water demand projection in Water Plan: 2000-2050. Scenario D has the
largest projected increase in water demand.
300,000

Scenarios B&C

250,000

Acre Feet Per Year

Scenario D
200,000

150,000

Scenario A
100,000

50,000
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2030

2035

2040

2045
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Figure 3-2: Projected Demand Scenarios: 2000-2050.
Review of Figure 3-2 indicates that future water demand is highly sensitive to the size of the
area to be served and per capita water usage rate. Scenario A represents future water supply
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needs within the smaller Obligated Area and assumes that more aggressive demandmanagement strategies would be successfully implemented with the support of the
community. Conversely, Scenario D represents a demand future which assumes that the
larger Potential Service Area would be served solely by Tucson Water and that additional
demand-management programs would not be implemented above and beyond those already
in place. Of the four scenarios, Scenario A would offer the Utility the greatest resource
planning flexibility while Scenario D would offer the least. The water-resource planning
ramifications of the four scenarios are discussed in Section Six.

MANAGING DEMAND
Managing current and projected water demand is a critical component of any integrated
water-resource and system plan. The extent to which future water demand can be further
reduced could have a significant bearing on the water resources and system improvements
that will be needed over time. Water conservation, improving the Utility’s distribution
system efficiency, and drought preparedness are the three demand-management programs
discussed in this update.

Water Conservation
Conservation programming has been a critical component of Tucson Water’s planning
process for several decades. During this time, many programs have been implemented
encouraging greater water-use efficiency, and they have collectively been instrumental in
maintaining a low per capita potable water usage rate. This low rate has largely been
maintained through extensive educational outreach efforts and
ordinance-based requirements which have resonated with and
contributed to the community’s conservation ethic. The Utility
will continue to evaluate existing programs and develop additional
ones based on their effectiveness, reliability, and cost to
implement.
When developing more aggressive conservation measures,
proposed initiatives need to be evaluated by assessing their
demonstrated effectiveness as seen in other communities and by
determining their potential applicability in Tucson given the
unique characteristics of the local community. If these measures
are appropriate, they could yield quantifiable decreases in the
community’s potable GPCD and a corresponding decrease in the projected growth of water
demand in future years as shown by Scenarios A and C.

Conservation Initiatives Currently Underway
Tucson Water has been moving forward with several on-going programmatic activities to
further widen the reach of its conservation program. These activities include the following:
• Develop a voluntary Incentive Program for commercial water customers;
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• Implement the Enhanced Water Waste Enforcement Program;
• Demonstrate community leadership by providing technical support to City
General Services who will coordinate the implementation of water audits for
departments within the City;
• Review the conservation measures developed by other jurisdictions;
• Complete the Irrigation Design Standards by finalizing performance targets
and developing procedures to implement those standards; and
• Investigate options to reduce water waste associated with hot water
distribution systems in the residential sector.

Community Conservation Task Force
In addition to developing the above measures, Tucson Water also established the Community
Conservation Task Force in 2005 to ensure that new conservation strategies selected for
implementation would be both effective and broadly supported by the community
(Community Conservation Task Force, 2006). In order to achieve the latter, the members of
the Task Force Committee represented a wide range of community stakeholders.
The Task Force Committee recommended 22 conservation measures that offer the greatest
potential water savings and all were given the same implementation priority. The measures
targeted five programmatic areas:
•

Rebates and Incentives

•

Ordinances Requiring Retrofits on Resale

•

New Construction Ordinances

•

Demonstration Programs

•

Other

These measures targeted single-family residential, multi-family residential, and the
commercial/industrial water-use sectors; the recommended measures are listed in Appendix
A of this update. The Task Force Committee recognized that its final recommendations more
heavily emphasized the multi-family residential sector over the others noting that Tucson
Water’s past conservation efforts and its block-rate pricing structure primarily targeted
single-family residential users.
The recommended projects may potentially reduce demand by up to 7.5% over the life of the
proposed program (Community Conservation Task Force, 2006). Consistent with the Task
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Force Committee’s recommendations, projected water demand associated with Scenarios A
and C assume that such demand-management efforts would be successful in producing
significant potable GPCD reductions. Further study is currently being performed by Tucson
Water to assess the potential rate impacts associated with implementing the recommended
measures.
Conservation is a vitally important demand-management tool. Effective conservation allows
the community to maximize the use of the water it has available by optimizing efficiencies.
Like any demand-management strategy, an aggressively managed conservation program can
have a significant impact on when critical decisions must be made and when water-resources
and system-planning projects need to be implemented to meet Utility goals.

Improving Water System Efficiency
A comprehensive Water Loss Control Program was initiated in October 2006 to better track
and reduce the amount of “lost and unaccounted for” water in Tucson Water’s potable
system. This program integrates on-going programs and has
initiated new ones to identify, control, and track system water
losses. This information is used to increase water-use
efficiency, reduce water losses to comply with regulations,
and recover lost revenue. In essence, the Water Loss Control
Program is the Utility’s “internal” water conservation and
product control program.
The overall purpose of the Water Loss Control Program is to
control and track lost water by calculating the Utility’s water
balance; establishing goals, metrics, and milestones; and
assessing the Utility’s water-use efficiency performance. The
total annual potable deliveries considered lost were 11.2,
11.9, and 12.5 percent in years 2004, 2005, and 2006,
respectively.
The Water Loss Control Program will accomplish several specific objectives:
•

Reduce water loss to seven percent of total annual potable deliveries within the
next five years and to four percent in the longer term;

•

Ensure to the degree possible that all water delivered through the potable system
is accounted for;

•

Increase billing accuracy;

•

Comply with the conservation requirements in ADWR’s Third Management
Plan; and
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•

Establish the Infrastructure Leak Index to measure how efficiently the Utility
manages and controls leaks on an annual basis.

To achieve these objectives, the specific projects managed under the Water Loss Control
Program must involve all of the administrative divisions within the Utility. Tucson Water has
taken steps which have reduced the potential for additional water losses in the potable
system. The Water Loss Control Program integrates the Source Water Flow Meter
Replacement Program, the Production Well Maintenance Program, and the Meter
Replacement Program. The latter is particularly noteworthy since in the last three years,
Tucson Water has replaced over 31,000 aged customer meters. Such meters tend to underreport the volume of water that passes through them which in turn results in a loss in revenue.
In addition, the Utility’s Water Loss Control Program has already initiated activities with the
following objectives:
•

Capture all non-revenue water losses in the potable system by developing a
centralized water-tracking database;

•

Quantify discharge volumes from pipeline breaks, leaks, and planned or
unplanned distribution system releases by using standardized water discharge
estimating and measurement procedures;

•

Recover lost water revenue from stuck water meters by implementing a backbilling process;

•

Implement the Large Reclaimed Meter Inspection and Replacement Program;

•

Implement the Potable Meter Inspection and Replacement Program;

•

Calculate and record water loss by updating well purging procedures; and

•

Ensure production well meter accuracy by implementing a meter testing,
calibration, and replacement program.

Plans are also in place to initiate a water system audit process to conduct an overall system
water balance. The results will identify and prioritize sub-areas within the system where
additional water control measures and Utility resources need to be focused. In addition, the
main replacement program will focus on areas demonstrating the greatest need by
considering historical outages, pipeline materials and age, and locations where mains will be
relocated by road projects.
Decreases in the amount of water that is lost will help offset increasing total water demand.
Tucson Water will provide the City of Tucson Mayor & Council with annual updates on the
continuing development and findings of the Water Loss Control Program.
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Drought Preparedness and Management
Drought preparedness and management are inextricably linked with water-resources
planning. The impacts associated with drought are caused not only by dryer than normal
weather patterns but also by the water demands the community places on its available
supplies. The effects of drought can be
worsened by managing available water
resources
inefficiently
or
through
inadequate
resource
and/or
system
planning. Conversely, effective drought
planning can serve as a “buffer” which can
minimize the severity of drought impacts
when they occur (Arizona Department of
Water Resources, 2007). The City of
Tucson Water Department Drought
Preparedness and Response Plan (Drought
Plan) was developed to conform with
recently enacted state law and to further
reinforce the Utility’s existing drought
management and water resource/system
buffers already in place.
In response to recommendations developed
by the Governor’s Drought Task Force
(2004), drought-related legislation became
state law in 2005 and required all Arizona
water systems to submit a drought
preparedness and response plan to the State by January 1, 2007. The City of Tucson Mayor &
Council approved the Drought Plan in November 2006 and subsequently amended the
Tucson Code in March 2007 by adopting an ordinance which enforces the drought response
stages and response measures embodied in the Drought Plan.
The City’s Drought Plan addresses the inherent uncertainties associated with drought events
such as their potential duration and severity. It was developed with the understanding that
drought impacts can potentially occur more locally or regionally. For instance, drought can
be only local involving the Santa Cruz River Watershed and nearby basins, or it can be more
regional encompassing all or part of the Colorado River Watershed thus impacting water
users in several states. It is now common knowledge that drought can occur both locally and
regionally at the same time.
Tucson Water’s Drought Plan consists of four drought response stages ranging from the mild
to the most stringent. These stages and the associated response measures account for the
unique attributes of the Utility’s water system which is configured and operated to maximize
reliability in both its available resources and supply infrastructure. Tucson Water’s system is
less vulnerable to the effects of local or regional drought because the Utility has diversified
its water-resources portfolio. This means that the Utility is not fully reliant on either surface
water or ground water for potable supply. In addition, Tucson Water also operates a large
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reclaimed water system which meets a significant portion of the Utility’s total water demand.
This system also serves as a drought buffer since it reduces the magnitude of peak demand on
the potable system thereby minimizing the potential impact of local or regional drought. The
Utility’s conjunctive use of ground water and Colorado River water for potable supply and its
utilization of reclaimed water to meet non-potable demand collectively provide Tucson
Water and its customers greater supply resiliency in both wet and dry years.
For more detailed information on the stages, drought indicators, and response actions, the
City of Tucson Water Department Drought Preparedness and Response Plan can be viewed
on the City of Tucson Water Department’s web site at http://www.ci.tucson.az.us/water.
Answers to frequently asked questions regarding the City’s Drought Plan and a summary of
the staged response actions are provided in Appendix B.
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SECTION FOUR
AVAILABLE WATER RESOURCES
This section provides an update on the three water sources physically available to Tucson
Water and evaluates the constraints that may affect their use for supply. In addition, it
includes a summary of ADWR’s Assured Water Supply (AWS) Program which places
restrictions on how water providers utilize their water resources to meet growing demand.
Finally, this section discusses the potential opportunities to acquire or develop additional
water resources. Supplemental information on the Utility’s water resources portfolio and the
AWS Program are provided in Chapter Four of Water Plan: 2000-2050 and in Appendices C
and D of this update.

GROUND WATER
Tucson Water will continue to rely on local ground-water resources and its well fields
throughout and beyond the 50-year planning period. Ground water will remain an important
supply source for the following reasons:
•

To meet peak water demand during the hottest months;

•

To meet projected annual potable demand when it exceeds the City of Tucson’s annual
Central Arizona Project allocation and if additional renewable supplies are not
available;

•

To provide emergency backup supply should there be a disruption in Colorado River
water supply due to problems with the Central Arizona Project infrastructure or due to
supply disruptions caused by system outages in Tucson Water’s own system;

•

To provide backup potable supply should a temporary shortage be declared on the
Colorado River; and

•

To provide longer-term back-up supply to help offset potential climate change impacts
on Colorado River water availability.

Potential constraints on the use of ground water were discussed in Water Plan: 2000-2050. In
general, the regional aquifer systems have stresses placed on them not only by Tucson Water
but also by other water providers, industrial and agricultural operators, and numerous private
well owners. Tucson Water remains the only local water provider that is not totally
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dependent on “wet” ground water as its sole source for potable supply. Management
decisions that will be made by Tucson Water to balance its use of this resource will take into
account the current and projected actions of other ground-water users in the Long-Range
Planning Area. One recent positive development is the passage of legislation that places
constraints on the ability of private interests to drill “exempt” wells within the service area of
a water provider that holds an AWS designation. This was an important step toward
managing the proliferation of new “unregulated” demands on the local aquifers.
Over-pumping of these aquifers over many decades has resulted in significant water-level
declines, measureable land surface subsidence, and loss of riparian habitat. In order for
ground water to remain a viable resource for future use, Tucson Water has continued its
efforts to reduce its ground-water use to approximate a hydrologically sustainable pumping
rate. For the Utility’s efforts to be beneficial in the longer-term, other local ground-water
users will also need to work cooperatively to ensure that the local regional aquifers will be
able to provide sustainable supply to meet the water needs of the greater community.
The Utility has a finite volume of ground-water credits that it can pump over time under the
AWS Program; this is referred to as “allowable” ground water. The Utility also has access to
a small volume of annually accruing ground-water credits from “incidental” recharge
(defined as aquifer recharge which occurs after the Utility accesses its water sources for
supply) constituting four percent of Tucson Water’s annual total demand. In addition, Tucson
Water has the ability to utilize up to 12,500 acre-feet of ground water per year that would be
replenished through its contract with the Central Arizona Groundwater Replenishment
District (CAGRD). However, the bulk of Tucson Water’s ground-water pumping will debit
against its allowable ground water account. Once these paper-water credits are exhausted, all
ground water that is pumped in excess of incidental recharge must be replenished with a
renewable water supply. Even if Tucson Water reduces its annual pumping and utilizes
ground water at the hydrologically sustainable rate, the Utility will eventually deplete its
allowable ground-water credit account. At some point in time, the credits remaining in this
account will not be sufficient to renew the City of Tucson’s AWS designation. Despite these
concerns, these credits will continue to be valuable because they provide planning flexibility
and the legal means to transition to fully renewable water supplies.
Tucson Water’s use of its CAGRD contract adds legal authority to pump ground water.
Under current state law, the replenishment (i.e. recharge) activities of the CAGRD are not
required to occur in the same area as the ground-water pumping it seeks to offset. Thus
CAGRD replenishment does not necessarily address local ground water declines. Tucson
Water will perform CAGRD replenishment at its recharge and recovery facilities in order to
maintain aquifer water levels within its projected service area and assist in achieving long
term sustainability.

Potential Additional Sources of Ground Water
Substantial quantities of ground water might be available from less developed basins in
western Arizona such as the Harquahala basin, McMullen Valley, and Butler Valley.
Transfers of ground water from less populated areas of Arizona could yield additional water
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supply in the future. These supplies could potentially be delivered to the Tucson area by
utilizing existing excess capacity in the Central Arizona Project.

EFFLUENT
Municipal wastewater effluent is a renewable water supply that steadily grows along with the
population. This recycled water supply is delivered through Tucson Water’s reclaimed water
system and provides a sustainable alternative to mining ground water to satisfy irrigation
demand. In addition, this water source will continue to be recharged thereby augmenting
local aquifers.
In 2006, 69,067 acre-feet of effluent were produced from the metropolitan wastewater
treatment plants in the Tucson area. As shown on Table 4-1, the City of Tucson had
entitlement to a total of 31,536 acre-feet (46 percent) of this effluent. Of this total, 11,983
acre-feet were reused as reclaimed water within the Tucson Water service area while the
remainder (19,553 acre-feet) was discharged to the Santa Cruz River. In contrast, all of the
effluent annually entitled to the Secretary of the Interior (28,200 acre-feet) was discharged to
the river and constitutes the majority of the perennial effluent flow observed in the Santa
Cruz River.
Entity
Tucson
Secretary of the Interior
Pima County
Metropolitan Domestic Water Improvement District
Oro Valley

AF/Year
31,536
28,200
4,087
2,890
2,354

TOTAL (rounded)

69,067

Table 4-1: Local Effluent Entitlements in 2006.
Updated projections of wastewater generation through 2030 were developed in consultation
with the Pima County Regional Wastewater Reclamation Department. These projections
indicate that annual effluent availability within the Long-Range Planning Area could
approach 118,900 acre-feet by 2030. Looking beyond, Water Plan: 2000-2050 indicated
wastewater availability could approach 128,000 acre-feet by 2050. The updated wastewater
volumes were based on population growth projections and assumptions regarding per capita
potable water usage, sewer return flow rates, and septic tank usage and are summarized in
Appendix C. Of these totals, it is projected that the City of Tucson would have annual
entitlement to approximately 61,000 acre-feet by 2030 and about 66,000 acre-feet by 2050.
The City’s reclaimed water system provides water of a quality appropriate for turf and
ornamental landscaping, firefighting, toilet flushing, orchards, and the irrigation of some
edible food crops. Tucson Water will continue to develop projects that will provide sufficient
capacity to meet reclaimed water demand as the community continues to grow. A key longterm planning assumption is that the reclaimed water system will supply at least nine percent
of Tucson Water’s projected total demand through 2050. Accordingly, reclaimed water
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demand in the Tucson Water service area is projected to increase from 11,983 acre-feet per
year in 2006 to approximately 24,000 acre-feet per year in 2050. In addition to serving
customers in the Tucson Water service area, the reclaimed water system provides a regional
service by treating and wheeling effluent supplies owned by other regional entities. In 2006,
2,186 acre-feet of reclaimed water were wheeled to Pima County facilities and to the Town
of Oro Valley for distribution and use.
As the population increases and all other available potable water supplies become fully
utilized, the need for reusing effluent as a critical supply source will also grow. Treated
effluent will most likely be banked in local aquifers through a sequenced program of
enhanced treatment and aquifer recharge. Tucson Water considers effluent to be a vital
renewable water resource that will ensure supply sustainability and drought resistance in the
long term.

Potential Changes to Effluent Availability
Tucson Water has entitlement to a large volume of municipal effluent and the Utility may be
able to increase its usable share in the future. This could include agreements to lease or
purchase the Secretary of the Interior’s effluent entitlement as well as those of others. This
would result in greater utilization of the only locally generated renewable supply that grows
with the community.
The effluent that Tucson Water further treats for use in the Reclaimed Water System comes
from the local wastewater treatment works owned and operated by Pima County. This
arrangement is unique to this region; elsewhere in the State, municipalities provide both
potable water delivery and municipal wastewater treatment.
Pima County is presently engaged in its Regional Optimization Master Plan (ROMP) which
will define the effluent quality and quantities that will be produced at the Roger Road
Wastewater Treatment Plant and the Ina Road Water Pollution Control Facility. The outcome
of the ROMP is critical to the future direction of the City’s Reclaimed Water System since at
the present time, most of the reclaimed supply is derived from the County’s Roger Road
Plant. Changes in where the effluent is produced as well as its resultant water quality may
impact Tucson Water’s ability to produce additional reclaimed water to meet increasing nonpotable water demand. For a more detailed discussion of effluent ownership in the Tucson
region and the near-term future of the Reclaimed Water System, refer to the Reclaimed
Water System – Status Report 2007 (City of Tucson Water Department, 2007a).

COLORADO RIVER WATER
The Colorado River is a major source of water supply, power generation, recreation, and
environmental habitat in the western United States. It is a major part of Arizona’s water
supply portfolio providing more than one-third of all water used in the State (Central Arizona
Project, 2007a). More than half of Arizona’s annual water supply is delivered to central
Arizona via the Central Arizona Project. The Colorado River is the largest renewable supply
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source available to Tucson Water. This section provides an update on the status of Tucson
Water’s allocation of Colorado River water, information related to future shortage issues
associated with drought, and the potential implications of climate change.
Colorado River water is delivered to the greater Tucson area via the Central Arizona Project
which conveys water from Lake Havasu to its terminus located southwest of Tucson. The
City of Tucson has rights to the largest municipal allocation of Central Arizona Project water
in the State—currently 135,966 acre-feet per year. For planning purposes, however, the
City’s allocation is expected to reach a total of 144,191 acre-feet per year in the near future.
This anticipated increase in the City’s allocation is due to the recently finalized Arizona
Water Settlements Act (an addition of 8,206 acre-feet per year) and a pending allocation
transfer from the Flowing Wells Irrigation District (19 acre-feet per year).

Clearwater Program and the Blend
Tucson Water’s efforts to fully utilize its Central Arizona Project allocation are managed
under its Clearwater Program. Through the process of recharge and subsequent pumping
(recovery), Colorado River water mixes with native ground water to produce a blended water
supply. The Central Avra Valley Storage and Recovery Project (CAVSARP), the HaydenUdall Treatment Plant, and the 60-million gallon Clearwell Reservoir in the Tucson
Mountains currently constitute the core infrastructure of the Clearwater Program. CAVSARP
is permitted to annually recharge up to 80,000 acre-feet of Colorado River water. Recovery
components are currently being upgraded to increase the facility’s recovery capacity to about
70,000 acre-feet per year. The core facilities are currently sized to utilize about 50 percent of
the City of Tucson’s annual Central Arizona Project allocation and make it available for
potable supply in Tucson Water’s service area.

Figure 4-1: Aerial View of CAVSARP Taken January 2008.
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Phase II of the Clearwater Program, the Southern Avra Valley Storage and Recovery Project
(SAVSARP), is currently under construction. Deliveries of Colorado River water for
recharge at SAVSARP will begin in spring 2008 to the first three recharge basins. When
construction of the balance of the facility is completed by the end of 2008, SAVSARP is
expected to have about 60,000 acre-feet of annual recharge capacity. Recovery will initially
be conducted through an existing well field that will be expanded over time. Upon
completion of additional wells, pipelines, a reservoir/booster station, and a large-diameter
recovered water transmission main, the annual recovery capacity at SAVSARP will be
approximately 60,000 acre-feet.
Since issuance of Water Plan: 2000-2050, Tucson Water has evaluated how the Pima Mine
Road Recharge Project might be more fully utilized. The Utility owns a 50 percent share of
the facility which is located near the Central Arizona Project terminus at I-19. Tucson
Water’s Santa Cruz Well Field is located adjacent to the Pima Mine Road Recharge Project,
and water levels in the vicinity of the well field benefit from its recharge activities. Tucson
Water plans to continue recharging a portion of its Central Arizona Project allocation at Pima
Mine Road and to recover all or part through the Santa Cruz Well Field. This well field will
be expanded with additional wells and pipelines in the future.
Between CAVSARP, SAVSARP, and the Pima Mine Road Recharge Project/Santa Cruz
Well Field, Tucson Water will have sufficient capacity to recharge and recover its entire
Central Arizona Project allocation. The Utility currently plans to begin purchasing its full
allocation in July 2008. The collective recovery capacities of these facilities will expand over
time as infrastructure projects are completed and as potable water demand increases. By
2012, the vast majority of Tucson Water’s service area will be served a renewable water
supply through Clearwater Program facilities.
Many additional potential Clearwater Program elements are described in Water Plan: 20002050. Newer initiatives under consideration include additional expansions of the recharge
and recovery capabilities of CAVSARP. An application to expand its recharge capacity to
100,000 acre-feet per year was filed with the State in January 2008; the Utility may receive
its permit before the end of the year. In the longer term, the CAVSARP and SAVSARP
facilities could potentially be expanded beyond 100,000 and 60,000 acre-feet per year as
additional renewable water supplies are brought into service.

Shortage on the Colorado River
The primary uncertainty related to Tucson’s use of Colorado River water is the future
impacts of potential shortage conditions. There are several factors that could individually or
in combination result in a declaration of shortage on the Colorado River. In preparation,
Tucson Water has developed supply-and-demand response contingencies to augment the
institutional protections already in place to help offset the impacts of eventual shortages.
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Factors Contributing to Shortage
Three critical factors that could drive a future declaration of shortage on the Colorado River
are as follows:
•

Annual allocations to Colorado River water exceed the actual long-term
average yield of the Colorado River;

•

Effects of extended drought conditions on water availability; and

•

Potential ramifications of long-term climate change.

It is widely recognized that the annual average yield of the Colorado River was overestimated in the 1920s. When compared to information collected and analyzed in subsequent
years, it is clear that the annual average yield is significantly lower. As a result, the
magnitude of flows in the Colorado River will not always be sufficient to fulfill all of the
annual Central Arizona Project allocations.
Water users in the Colorado River basin have also experienced droughts which are
intermittent periods of below normal water availability; these periods can sometimes last
decades. Because of the current severity of drought conditions within the Colorado River
Watershed, the first shortage declaration on the Colorado River may be just years away.
The probability of shortage in the longer term may increase based on current climate change
projections for the Southwest. These projections, largely based on climate modeling
simulations, generally agree that a gradual long-term warming trend is likely. These
projections also suggest that there will be a decrease in annual precipitation in the Southwest
(Christensen et al., 2007; Lenart et al., 2007; and Overpeck; 2007). The effects of climate
change could be significant with regard to the long-term yield of the Colorado River.
Regardless of the factors that result in an eventual shortage declaration on the Colorado
River, the potential effects on Tucson Water and the Utility’s planned responses are similar.
The Utility continues to prepare for periods of time when access to Colorado River water will
be reduced. In order to prepare for eventual shortages, Tucson Water has taken several
proactive steps with regards to both supply and demand.
Preparations for Shortage
The Utility has participated in state-wide planning efforts to protect Arizona’s renewable
water resources, cooperated with the Arizona Water Banking Authority (AWBA) to store
excess Central Arizona Project water in the near-term for eventual recovery during times of
shortage, and developed infrastructure that will remain viable when the supply of Colorado
River water is reduced. In addition, the Utility will seek to acquire and develop additional,
higher-priority sources of renewable water supply such as main-stem (non-Central Arizona
Project) Colorado River water as well as locally-generated effluent; these potential supplies

4-7

are particularly attractive since they will not be curtailed except during the most extreme
shortages and therefore offer greater resource and supply reliability.
An important institutional buffer is the high priority of the City’s annual allotment within the
Central Arizona Project’s hierarchical allocation structure. The City of Tucson’s allocation is
for municipal and industrial (M&I) use which would only be impacted after shortages have
become severe. To ensure full benefit its M&I allocation, Tucson Water must fully utilize its
entire annual allotment no later than the year before a shortage is declared. According to the
Central Arizona Project (2007b), the current worst-case estimate of when a shortage on the
Colorado River might be declared is 2011. To prepare for this possibility, the City plans to
fully utilize its entire allocation beginning in 2009.
When a shortage affects M&I usage of Central Arizona Project water, providers in the
Central Arizona Project’s three-county service area will have access to water that has been
banked in long-term storage facilities through the AWBA. Plans to recover this banked water
have not yet been finalized but the Central Arizona Project is in the process of developing
conceptual plans to recover the stored water (Central Arizona Water Conservation District,
2007). Tucson Water has already provided the AWBA storage capacity at its recharge
facilities. The water stored in these facilities can readily be recovered during times of
shortage and brought into service; however, this represents only a small part of the AWBA
water that would be required in a multi-year shortage.
Tucson Water’s reliance on recharge and recovery as the means to bring its Colorado River
water into use will also mitigate shortage impacts. A benefit of recharge over the use of a
conventional water treatment plant is that recovery wells associated with a recharge facility
can continue to operate for a period of time even when the availability of the source water is
reduced. In contrast, a surface water treatment plant can only produce water as long as the
source water is available.
An additional contingency is the Utility’s diversified water-supply portfolio. As Tucson
Water further expands and diversifies its portfolio, impacts to any particular water supply can
be offset by relying on other available supply sources including the City’s effluent resource.
Access to locally-generated effluent is not subject to curtailment due to drought, Central
Arizona Project infrastructure outages, or climate change. If this resource were used to
augment the regional aquifers within the Utility’s service area, it would provide the
community with greater supply reliability during times of shortage.
The demand-management recommendations of Tucson Water’s Community Conservation
Task Force could generate long-term water savings. These savings could reduce the overall
strain on the Utility’s available water supplies and as such can become a significant part of
Tucson Water’s management strategy to prepare for shortages on the Colorado River. The
Utility also developed a comprehensive Drought Preparedness and Response Plan to control
demand in such times of need. These and other demand-management initiatives are more
fully discussed in Section Three.

4-8

As the ultimate backstop, Tucson Water also possesses extensive ground-water production
facilities which tap into the large regional aquifers in both the Tucson basin and Avra Valley.
While the Utility is increasingly shifting its reliance to renewable water resources, the local
regional aquifers have a very large volume of ground water in storage. Under the AWS rules,
there is provision to allow ground-water pumping without debiting the Utility’s credit
accounts during shortages. This non-renewable supply source can be used for an extended
period of time to satisfy customer demand.

Acquiring Additional Sources of Colorado River Water
The City of Tucson will continue efforts to increase its Central Arizona Project allocation
and to access additional Colorado River water. This may be accomplished through
reallocation, lease, and/or transfer and these options are discussed in detail in Chapter Four of
Water Plan: 2000-2050.
Another potential mechanism to acquire additional Colorado River water is to participate in
an “exchange” program by providing an alternate water supply. An option under state-wide
consideration is to invest in a seawater desalination facility in partnership with a coastal
community in the United States or Mexico that has higher-priority rights to Colorado River
water. Under such a potential agreement, Tucson could, in partnership with others, provide
funding to the coastal community to desalinate seawater for use in that location in exchange
for more Colorado River water to import to the Tucson area via the Central Arizona Project.
If this type of arrangement were to occur, it would likely be many decades out. Tucson Water
plans to participate in these discussions in order to take advantage of this potential
opportunity if and when it occurs.

ASSURED WATER SUPPLY PROGRAM
Under the current AWS Designation issued in 2007, the City of Tucson’s 100-year supply of
water that meets all of the AWS criteria is 185,688 acre-feet per year. However, Tucson’s
AWS designation is currently capped at 183,956 acre-feet which was the projected demand
volume for 2015 at the time of the AWS application. The City’s current water supply
portfolio is based on its physically available ground water, Colorado River water and effluent
supplies. The controlling factor in determining this total volume is the “Consistency with
Management Goal” criteria (i.e. Safe Yield).
The current AWS designation contains a sufficient volume of approved water resources to
meet projected growth through 2016. To maintain the designation without interruption, the
Utility will need to re-apply to extend the designation order at least two years before this
demand volume is reached. Based on current projections of the Utility’s available water
supplies, water credit balances, and future demands, Tucson Water expects to extend its
AWS designation from 2016 to about 2025. There will be subsequent extensions to the AWS
designation.
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Under the AWS Program, all ground-water withdrawals are debited from several potential
sources of water credits. This program places a finite cap on the amount of ground water that
can be pumped by Tucson Water without incurring a replenishment obligation. This is
referred to as allowable ground water. Since Water Plan: 2000-2050 was issued in 2004,
Tucson Water has continued to debit its allowable ground water credit account although the
annual rate of ground-water use has steadily declined as use of renewable supplies has
increased. Reliance on renewable supplies would allow for sustainable growth over the
longer term.
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SECTION FIVE
WATER DELIVERY SYSTEMS
Tucson Water operates two types of water systems: a potable system and a reclaimed (nonpotable) system. These are physically separate and distinct systems which convey water from
supply sources through a pressurized hydraulic system to customers situated at different
elevations. Tucson Water’s systems consist of a complex network of pipes, wells, pumps,
reservoirs, valves, automated controls, and treatment facilities.
The existing water systems extend throughout a 330-mile area and served a population of
about 720,000 people in 2006. The existing systems provide a baseline upon which future
supply and demand needs are assessed.

EXISTING POTABLE SYSTEMS
Tucson Water’s potable water distribution systems currently receive supply from more than
200 wells spread over five well fields with a collective pumping capacity of 196 MGD.
Figure 5-1 shows the location of the five well fields within the Tucson basin and Avra
Valley. The network of large diameter pipelines in Tucson Water’s potable distribution
system is shown on Figure 5-2. About 4,200 miles of pipelines (ranging from 2 to 96 inches
in diameter) convey water from the various potable supply sources to more than 200,000
businesses and residences. The distribution system includes 50 fully enclosed reservoirs
ranging in size from 15,000 gallons to 60 million gallons; the overall system has a total
storage capacity of 273 million gallons. The system has 124 booster stations used to lift water
to higher delivery elevations.
The ground water served by Tucson Water meets all applicable federal and state regulatory
standards. Because the water delivered through the Tucson Water distribution system must
be free of pathogens, Tucson Water introduces chlorine at various locations in the system to
maintain a residual disinfectant in the water delivered to customers. Areas where groundwater contamination could pose a threat to potable supplies are being managed by controlling
ground-water pumping or by pumping and treating to either augment the ground-water
system or for direct potable use.
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Figure 5-1: Tucson Water’s Well Fields in 2006.

Figure 5-2: Tucson Water’s Potable Distribution System in 2006.
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EXISTING RECLAIMED WATER SYSTEM
Tucson Water has operated a reclaimed water system since 1984. The reclaimed system takes
secondary effluent from Pima County’s Roger Road Wastewater Treatment Plant, further
treats it through filtration and chlorination, and delivers it for turf irrigation and other nonpotable uses. The Utility delivered 14,168 acre-feet of reclaimed water through its reclaimed
system in 2006. Of this total, 11,983 acre-feet of reclaimed water were utilized within the
Tucson Water service area with the balance exported to Pima County and the Town of Oro
Valley. Reclaimed usage in 2006 constituted about nine percent of total water demand for the
Utility. The layout of the reclaimed water system is shown on Figure 5-3.

Figure 5-3: Tucson Water’s Reclaimed Distribution Pipeline System in 2006.
The Utility’s Reclaimed Water Treatment Plant is permitted to treat up to 10 MGD. The
Sweetwater Recharge Facilities are permitted to annually recharge and recover up to 6,500
acre-feet of reclaimed water to meet seasonal peak demand requirements. The Utility plans to
expand its annual recharge and recovery capacity at the Sweetwater Recharge Facilities up to
13,000 acre-feet by optimizing the operation of existing infrastructure and by constructing
additional recharge and recovery facilities. The recovered effluent is blended with filtered
water from the Reclaimed Water Treatment Plant, disinfected with chlorine, and boosted to
customers through the reclaimed water distribution system. The total delivery capacity of
blended water from the Reclaimed Water Treatment Plant and the Sweetwater Recharge
Facilities is currently 27 MGD with plans to expand it to 33 MGD in 2009. In addition, the
reclaimed water system receives about 2.5 MGD from the Randolph Park Water Reclamation
Facility and up to 2.5 MGD from the Santa Cruz River Managed Underground Storage
Facility.
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IDENTIFYING POTABLE AND RECLAIMED SYSTEM NEEDS
Existing and future water system needs are identified and evaluated using computer models
to simulate water flow velocities and pressures in the potable and reclaimed distribution
systems. These computer representations of the two systems are called hydraulic models. The
results of modeling assessments are portrayed schematically and are used to assess future
potable and reclaimed system improvements.

Future Potable System Needs
Future potable water system needs are determined by applying a GPCD water use factor to
population projections within Tucson Water’s projected service area. As described in
Sections Two and Three, population projections are distributed spatially to locate future
delivery system needs. A hydraulic model is used to size the projected pipelines and to
ensure there is adequate water supply, storage, and pressure to meet projected demands in
future years. This necessitates adding infill capacity to the existing infrastructure.
In fiscal year 2006, Tucson Water spent approximately $14 million on electric power (over
100 Gigawatt-hours) and natural gas (nearly 6 million therms). Eighty-five percent of the
electricity and 100 percent of the natural gas was used to power potable system facilities.
Meeting the operational and regulatory requirements of the water distribution systems will
increasingly require more energy in the future. As the demand for energy has increased over
time, alternative energy sources have become increasingly viable because of technological
advances, changes in regulations, voluntary programs, and incentives. At the same time,
opportunities to develop geographically-distributed energy production facilities are being
considered due to security and reliability concerns.
Tucson Water recognizes the need to utilize sustainable energy for its facilities.
Opportunities are being explored to partner with the City of Tucson's Energy Manager and
local electric providers to expand the use of solar power, evaluate the utility of low-head
hydroelectric projects, and assess the potential of other sustainable energy technologies at
potable facilities.

Future Reclaimed Water System Needs
In this Update, it is assumed that at least nine percent of the projected total water demand
will be met with reclaimed water. At the present time, most reclaimed system customers are
large turf facilities such as parks, golf courses, and schools. Capital improvement projects
scheduled in the next decade will increase system capacity and water supplies; these projects
will also improve operational efficiency to meet increasing future non-potable demand.
In fiscal year 2006, reclaimed water system facilities consumed approximately 15 Gigawatthours of power to meet operational and regulatory requirements. As with the potable water
system, energy sustainability will also be pursued for reclaimed water facilities including
installation of additional photovoltaic arrays on reclaimed reservoir roofs.
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SECTION SIX
UTILIZING RESOURCES TO MEET DEMAND
This section updates Tucson Water’s recommended resource-utilization plan presented in
Water Plan: 2000-2050. This plan consists of a schedule for implementing essential
programs and projects and specifies the scope and timing of critical decision points within
the planning horizon.

COMMON ELEMENTS
The Common Elements are those programs and projects needed to ensure a resourcesustainable future for Tucson Water’s existing customers and for future ones as well. These
elements, previously identified in Water Plan: 2000-2050, have been actively pursued by the
Utility to guarantee planning flexibility and system reliability. The following provides a
status update for each project and program.
Common Elements: 2000 to 2008

Status

Acquire Additional Supplies

Local and state-wide policy discussions continue with
CAWCD exploring opportunities to serve as the water broker
for its three-county region. Additional allocations of Colorado
River water have been acquired under the Arizona Water
Settlements Act & from Flowing Wells Irrigation District.
Initial local salinity evaluations are complete. Phase II of the
regional Central Arizona Salinity Study (2006) was completed
with off-shoot pilot studies continuing.
The Utility continues working with Pima County’s Regional
Wastewater Reclamation Department on long-range planning.
Community Conservation Task Force was formed and a
conservation consultant retained to assess potential options.
The Task Force made 22 recommendations and these are
discussed in Section Three and summarized in Appendix A.
Some are being implemented while others are under review.
Utility is involved with American Water Works Association
Research Foundation and WateReuse Association which are
conducting cutting-edge research and workshops.
The Decision H2O Program has fostered community dialogue
on the first critical decision point of Water Plan: 2000-2050.
Tucson Water has met frequently with local water providers,
state agencies, regulatory agencies, local business groups,
professional organizations, and educators involved with
water-resources planning efforts.

Develop a Salinity Management Program

Encourage Sewer Connections
Additional Conservation Programming

Evaluate Emerging Contaminants

Expand Public Outreach
Provide Water-Resource Information
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Common Elements: 2000 to 2008

Status

Pursue Regional Cooperation

Regional cooperation on long-range planning assumptions has
been greatly improved. Several cooperative opportunities are
currently under discussion in the local water community.
The Utility has established a capital program to replace aged
meters in the distribution system to obtain more accurate
water delivery information. A comprehensive system-wide
“water audit” will be conducted in the near future.
Complete – the facility is under construction.
This project has been split into two separate pipelines – the
Avra Valley Blending Main (to be constructed in the future)
and the Viviana Transmission Main (not currently included in
the Utility’s capital budget).
Complete – the facility is under construction.
The recommended action to re-permit the CAVSARP
recharge capacity to 80,000 acre-feet per year is complete. A
subsequent decision has initiated efforts to further expand the
facility’s recharge capacity to 100,000 acre-feet per year.
An initial assessment is complete. Additional studies will be
conducted as the Utility expands its use of renewable water
supplies.
Routine distribution system upgrades continue. The Utility is
planning to expand the capital budget devoted to
infrastructure replacement over time.

Reduce Lost and Unaccounted for Water

Conduct SAVSARP Feasibility Assessment
Construct Spencer Interconnect Pipeline

Design SAVSARP Facilities
Expand Recharge Capacity of CAVSARP

Study Secondary Disinfectants

Upgrade the Distribution system

In addition to the projects and programs scheduled to be initiated by 2008, a second set of
Common Elements was identified. These will allow the Utility to effectively address the
priorities and challenges in the mid-term (through 2025) and long-term (2025-2050) planning
periods.
Common Elements: Beyond 2008

Status

Preserve Ground-Water Credits

Ongoing development of renewable supplies in order to
preserve ground-water credits for the future.
Ongoing fiscal planning efforts are being conducted to
achieve this goal as early as 2009.
This goal is on track to be achieved by 2012.
Opportunities to exchange effluent and/or expand the use of
this renewable supply continue to be explored.
This project is under conceptual design and is planned to be
constructed in phases over the next five to ten years.
Sweetwater Recharge Facilities expansion is underway. A
permit amendment to bring its recharge capacity to 13,000
acre-feet/year has been submitted to the State. This volume
will be attained by making operational and maintenance
changes, by constructing additional recharge and recovery
facilities, and by expanding booster/conveyance capacities.
This project is under construction and recharge is scheduled to
begin in early 2008. Expanded recovery will begin in 2012.
The scope of the facility has been expanded to include 60,000
acre-feet per year of recharge and recovery.

Achieve Full Colorado River Water Use
Achieve Sustainable Ground-Water Pumping
Evaluate Effluent Exchanges
Augment Avra Valley Main
Develop Additional Reclaimed Water
Supply

Operate SAVSARP Phase I
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The process of making the critical decisions is underway, but these Elements can only be
initiated when issues are resolved and direction is provided.

DECISION POINTS
Water Plan: 2000-2050 outlined four critical decisions to be made at two key points in time:
2006 and 2014. Since the plan was released in 2004, the Utility has focused primarily on
resolving the first decision and has conducted a reassessment of the need, timing, and format
of the others. The basic rationale underlying the original choices remains valid, but the
schedule of the latter decisions has been revised in order to account for changing
circumstances, new population projections, and new planning assumptions. In this update,
the first decision point is projected to occur in 2008, and the second may occur by 2014 or as
late as 2027. Any significant change in population projections, water policy, and/or planning
assumptions could also change the time in which decision points will occur and perhaps even
the substantive issues associated with those decisions.

Decision Point 2008
In Water Plan: 2000-2050, the first two resource-management decisions pertained to the use
of Colorado River water; these decisions were originally projected to be made in 2006. The
first decision was concerned with the long-term mineral content of the Clearwater blend of
ground water and recharged Colorado River water. The second decision focused on whether
the Utility should consider bringing a surface (direct) water treatment plant into service for a
portion of the City’s current Central Arizona Project allocation.
To develop support information to address the decision on long-term mineral content, Tucson
Water launched Decision H2O and it has since been the subject of wide-spread public
discussion. The scope of Decision H20 has included information review, extensive
technological research, cost estimating, environmental impact projections, and public
dialogue. Data collection and the accompanying assessment are in process with the
expectation that a final decision will be made by the Mayor & Council in 2008. The current
status of Decision H2O is discussed in Appendix E.
Since issuing Water Plan: 2000-2050 in 2004, issues associated with the decision on the
treatment plant have evolved in response to the changing planning environment. As
originally conceived, this decision was centered on how best to bring the remaining balance
of the City’s unused Colorado River water allocation into service. The choice was either to
rely on recharge and recovery or to incorporate an element of surface treatment by
reconstituting the Hayden-Udall Treatment Plant. A study was conducted by Malcolm Pirnie
(2007) which evaluated the two options. The study concluded that relying on recharge and
recovery provided Tucson Water with greater operational performance and planning
flexibility at less cost. In addition, drought-related discussions over the past few years as well
as recent projections indicate that a worst-case shortage declaration on the Colorado River
may occur sooner than previously predicted and before the Hayden-Udall Treatment Plant
could be reconstituted. Due to the uncertainty and potential urgency regarding a possible
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early declaration of shortage, Tucson Water moved forward with the following near-term
initiatives in order to develop sufficient facility capacity to fully utilize the City’s entire
Central Arizona Project allocation as early as 2009:
•

Expansion of the recharge and recovery components at the CAVSARP facility;

•

Expansion of the recharge capacity of the first phase of SAVSARP; and

•

Maximum utilization of the Pima Mine Road Recharge Project.

Building upon the proven success of the recharge and recovery approach, this decision has
virtually eliminated the near-term uncertainty associated with having sufficient capacity in
place to fully utilize the City’s Central Arizona Project allocation prior to a shortage
declaration. Nonetheless, the role of a surface (direct) treatment plant remains a potentially
viable option as the range of possible futures evolve and new supply opportunities develop.

The Next Decision Point
In Water Plan: 2000-2050, the year 2014 was originally specified as the second critical
decision point which focused on decisions associated with maximizing the paper-water
and/or wet-water benefits of effluent reuse. With the updated assumptions of projected
supply and demand, this Decision Point has been modified and may occur by 2014 or
possibly as late as 2027. By the time this next decision point is reached, Tucson Water will
need to have formulated its plans for bringing additional sustainable and/or non-renewable
water supplies into use in order to update the City’s Assured Water Supply (AWS)
designation.
This next decision point will focus on how best to proceed with utilizing its available water
resources. These include those that are already on hand as well as potentially new renewable
supplies that would have to be imported into the area. In this process, Tucson Water will lay
the groundwork for the next extension of the City’s AWS designation. The options to be
explored by the next decision point include the following both individually and in
combination:
1.
2.
3.
4.
5.

Acquire additional Central Arizona Project water;
Acquire higher priority rights to main-stem Colorado River water;
Import ground water from other basins in Arizona;
Initiate “full credit” effluent water banking in the Utility’s service area; and/or
Exhaust the City’s reserve of ground-water credits

In addition, other potential options to augment existing supplies such as seawater
desalination and potential water exchanges may be possible in the future but such
opportunities will most likely be the subject of decision points many decades further out in
time.
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Bullets #1, #2, and #3 all depend on the Central Arizona Project aqueduct to import new
water supplies to Tucson Water’s service area. As a result, the current role of CAWCD as
operator of the 336-mile long Central Arizona Project system and its potential role as water
broker for Maricopa, Pinal, and Pima Counties will likely prove critical in Tucson Water’s
efforts to augment its existing supplies with imported renewable resources. Intra-state
discussions are on-going but it is unclear if and when such a new institutional arrangement
will be in place to facilitate reallocations and water transfers. It is possible that imported
resources may be available by 2014 but it could be later. Prudent planning dictates that all
supply options be considered in the interim given the uncertainty.
The only local water resources currently available in the mid term are the City’s effluent
entitlement (Bullet #4) and the City’s non-renewable reserve of ground-water credits (Bullet
#5). The City’s effluent entitlement is the only locally generated, renewable supply available
to the Utility to support sustainable growth. Expanded use of effluent through marked
increases in reclaimed water utilization and/or long-term full-credit banking would augment
Tucson Water’s renewable water supply portfolio and would further extend in time the
availability of its reserve of ground-water credits. This option could ensure the City’s ability
to sustainably extend its wet-water supplies and its AWS designation for many years while
preserving the City’s non-renewable reserve of ground-water credits for their preferred
purpose—as a transitional supply to be prudently debited while making preparations to
acquire or develop the next renewable supply.
Without further developing the City’s effluent resources and/or importing additional supplies
in the mid term, the City’s only option to extending its AWS designation would be to exhaust
its reserve of ground-water credits. Although this action would allow the City to further
extend its AWS designation for many years and in some scenarios for decades, it would be
an unsustainable response to an immediate supply need which could reduce the Utility’s
planning flexibility in future years. If the ground-water credits were fully utilized to extend
the City’s AWS in the mid and longer terms, it would be in the City’s interest to make
arrangements with others (potentially with CAWCD) to import additional renewable
supplies, develop its local effluent resources, and implement more aggressive demandmanagement measures to support sustainable growth in future years. As the Next Decision
Point approaches, Tucson Water will provide status updates regarding the need to acquire
and/or develop the next renewable supply to meet the projected water demand of anticipated
growth.

PROJECTED DEMAND AND RESOURCES
The choices associated with the critical decisions to be made in 2008 and the Next Decision
Point after that will help determine how the Utility’s water resources will be utilized in future
years. They will also affect how quickly Tucson Water will use its available water supplies,
how demand may be managed in the future, and how additional wet-water supplies may be
developed over time. The water-resource implications of the four demand scenarios
discussed in Section Three illustrate how changes in the two critical planning variables could
impact resource utilization and the City’s AWS designation in future years.
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Resource-Utilization Commonalities
Despite the key differences associated with Demand Scenarios A through D, the four share
common resource-utilization assumptions and these are highlighted below:
•

Reclaimed-water use will on average offset at least nine percent of the total
projected annual water demand through 2050;

•

Potable demand will be met in the near term through decreasing dependency on
ground-water pumping and increasing reliance on renewable Colorado River
water;

•

Incidental Recharge refers to aquifer recharge which occurs after the Utility
accesses its water sources for supply and constitutes four percent of Tucson
Water’s annual total demand;

•

The City’s entire Central Arizona Project allocation will be recovered before the
Utility’s contracted CAGRD ground-water replenishment volume of up to 12,500
acre-feet per year is utilized;

•

The point in time at which renewable water resources associated with imported
Colorado River water, Incidental Recharge, and the City’s CAGRD contracted
volume are fully utilized varies depending on the unique combination of
assumptions represented by each of the four scenarios.

Additional background information and the rationales underlying each of the four water
demand scenarios are provided in Sections Two and Three in this Update.

Scenario A – Increased Demand Management in the Obligated Area
In addition to decreasing future demand by limiting the Utility’s service area expansion to the
Obligated Area, this scenario is predicated on the assumption that the Utility’s potable GPCD
would gradually be reduced by ten percent by 2030. It is assumed that this reduction in per
capita demand would be achieved by implementing more aggressive demand-management
measures beyond those already in place.
Review of Figure 6-1 provides a view of how the Utility’s resource utilization plan is
projected to occur under Scenario A. The Utility’s total water demand is projected to increase
from 128,141 acre-feet in 2000 to approximately 180,000 acre-feet in 2030 and to about
215,000 acre-feet by 2050. This projected increase in water demand over time is the smallest
of the four scenarios.
Under this scenario, projected potable demand would exceed the sum of the City’s annual
Central Arizona Project allocation, its Incidental Recharge increment, and its annual CAGRD
contracted volume by about year 2032. However, Tucson Water would still have available
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after 2032 the balance of its renewable effluent resources not committed to the Utility’s
reclaimed water system and much of its reserve of non-renewable ground-water credits.
The City could extend its AWS designation to about 2050 by depleting its reserve of groundwater credits; instead, Tucson Water recommends these credits be preserved as long as
possible to provide planning flexibility for the future. It is more prudent to use these credits
as short-term transitional supplies while additional renewable supplies are being acquired
and/or developed.
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Figure 6-1: Scenario A, Projected Demand and Water Resource Utilization: 2000-2050.
Tucson Water recommends that the resource planning priority be placed on developing
additional renewable resources such as the City’s effluent supplies, additional imported
supplies or a combination of both. In this manner, new growth after 2032 would become
more hydrologically sustainable and the City’s AWS designation could be extended well
beyond the planning horizon of Water Plan: 2000-2050. Of the four future scenarios
analyzed, Scenario A delays the need to develop or acquire additional renewable supplies
furthest into the future and maximizes planning flexibility to deal with future uncertainties.

Scenario B – No Increased Demand Management in the Obligated Area
In addition to limiting future demand to within the Obligated Area, this scenario adopts the
assumption that the Utility’s potable GPCD would remain constant at 163 through 2050 thus
assuming a lack of further investment and/or community support for further demandmanagement activities. Review of Figure 6-2 provides a snapshot of how the Utility’s
resource utilization is projected to occur under Scenario B. Tucson Water’s total water
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demand is projected to increase from 128,141 acre-feet in 2000 to approximately 200,000
acre-feet in 2030 and to about 235,000 acre-feet by 2050.
Review of Figure 6-2 indicates that projected potable demand would exceed the sum of the
City’s annual Central Arizona Project allocation, its annual Incidental Recharge increment,
and its annual CAGRD contracted volume by about year 2022—ten years earlier than in
Scenario A. As noted previously, Tucson Water would still have available after 2022 the
balance of its renewable effluent resources not already utilized in the Utility’s reclaimed
water system and most of its reserve of non-renewable ground-water credits.
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Figure 6-2: Scenarios B & C, Projected Demand and Water Resource Utilization:
2000-2050.
The City could extend its AWS designation to about 2035 by depleting its reserve of groundwater credits. Consistent with Scenario A, Tucson Water recommends these credits be
preserved as long as possible to provide planning flexibility for the future. It is more prudent
to use these credits as short-term transitional supplies while additional renewable supplies are
being acquired and/or developed.
Tucson Water recommends that the resource-utilization priority be placed on developing
additional renewable resources such as the City’s effluent supplies, additional imported
supplies or a combination of both. In this manner, new growth after 2022 would become
more hydrologically sustainable and the City’s AWS designation could be extended even
further. Of the four future scenarios analyzed, Scenario B only moderately delays the need to
develop or acquire additional renewable supplies and provides limited planning flexibility.
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Scenario C – Increased Demand Management in the Potential Service Area
Scenario C assumes that Tucson Water’s ultimate service area would coincide with the larger
Potential Service Area. This scenario also assumes that the Utility’s potable GPCD would
gradually be reduced by ten percent by 2030. The Utility’s total water demand is essentially
the same as shown for Scenario B in Figure 6-2. This means that Scenario C would also
exceed the sum of the City’s entire annual Central Arizona Project allocation, its Incidental
Recharge increment, and its annual CAGRD contracted volume by about year 2022.
Similarly, the City could extend its AWS designation to about 2035 by depleting its reserve
of ground-water credits. The same water-resource utilization strategy previously discussed
for Scenario B would apply to Scenario C. Again, this scenario would only moderately delay
the need to develop or acquire additional renewable supplies and provides limited planning
flexibility.

Scenario D – No Increased Demand Management in Potential Service Area
300,000

250,000

Volume (Acre-Feet)

Total Demand

200,000

150,000

100,000

50,000

0
2000

2005

2010

2015

2020

2025

2030

2035

2040

2045

2050

Year
Ground Water

CAGRD

Additional

Colorado River Water

Incidental Recharge

Reclaimed

Figure 6-3: Scenario D, Projected Demand and Water Resource Utilization: 2000-2050.
Scenario D is based on the conservative demand assumptions used in Water Plan: 20002050. Scenario D assumes that Tucson Water’s future area of service is the larger Potential
Service Area and that the Utility’s potable GPCD remains constant at 163 through 2050. The
Utility’s total water demand is projected to increase to approximately 220,000 acre-feet per
year by 2030 and about 255,000 acre-feet by 2050.
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Review of Figure 6-3 indicates that projected potable demand would exceed the sum of the
City’s annual Central Arizona Project allocation, its Incidental Recharge increment, and its
annual CAGRD contracted volume by about 2017. Tucson Water would still have available
beyond 2017 the balance of its renewable effluent resources and most of its reserve of nonrenewable ground-water credits.
The City could extend its AWS designation to about 2025 by depleting its reserve of groundwater credits; instead, Tucson Water recommends these credits be preserved as long as
possible to provide planning flexibility for the future. It is more prudent to use these credits
as short-term transitional supplies while additional renewable supplies are being acquired
and/or developed.
Tucson Water recommends that the resource planning priority be placed on developing
additional renewable resources such as the City’s effluent supplies, additional imported
supplies or a combination of both. In this manner, new growth after 2017 would become
more hydrologically sustainable and the City’s AWS designation could be extended further
out in time. Of the four future scenarios analyzed, Scenario D is the least able to delay the
need to develop or acquire additional renewable supplies and provides the least planning
flexibility with which to deal with future uncertainties.

WHAT LIES AHEAD
The water-resource opportunities, critical decision points, and conservation impacts
described in this section are graphically summarized on Figure 6-4, a conceptual planning
timeline which extends from 2000 to 2050. From 2000 to 2010, Tucson Water’s primary
focus is to fully utilize its annual CAP allotment before a shortage on the Colorado River is
declared. To provide a solid foundation for a sustainable water future, Tucson Water must
bring its full allocation of Colorado River water into use as early as 2009. The outcome of
Decision H2O will determine if the Utility must bring an enhanced treatment plant into
operation.
Beyond 2010, the community faces the challenge of determining its long-term water future.
The Utility fortunately is not limited to exhausting its reserve of ground-water credits to
extend its AWS designation to meet the needs of anticipated growth. Tucson Water has a
number of potential opportunities to acquire or develop additional water supplies. These
potential opportunities have been discussed in detail in this section and summarized on
Figure 6-4.
Assuming either Scenario B, C, or D is the most representative portrayal of future demand, it
is currently projected that the Utility would need to have a plan in place to acquire/develop
additional supplies by about 2014 or 2017 in order to preserve its ground-water credits for
the longer term. This would coincide with the time by which the Next Decision Point would
occur.
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In contrast, if Scenario A more closely approximates future water demand, Tucson Water
would need to have a plan to acquire/develop additional supplies in place by about 2027.
Under Scenario A, this would be the approximate time of the Next Decision Point by which
direction would be required. If additional renewable supplies are made available for use, the
limit of the Utility’s hydrologically sustainable water supply for new growth can be ensured
and even extended beyond 2050.
How far this threshold can be extended into the future will depend on the areal extent of
Tucson Water’s future service area, whether there is a commitment to invest in additional,
more aggressive demand-management measures, and the volume of additional renewable
resources that the Utility is able to develop locally and/or import into the Utility’s service
area.
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Explanation

Figure 6-4. Demand-Resource Scenario Summary
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SECTION SEVEN
CONCLUSIONS
The water-resource planning environment is in constant flux. In Water Plan: 2000-2050,
Tucson Water provided recommendations that would allow the Utility to achieve the
specified planning goals while retaining maximum flexibility. These are updated below in
order to reflect the actions and changes which have occurred since the plan was issued in
2004.

UPDATED RECOMMENDATIONS
Many of the recommendations and conclusions noted in Water Plan: 2000-2050 have already
been implemented while others are currently in process or have been revised to reflect the
changing planning environment. The updated recommendations are summarized below.
1. Emphasize “Wet” Water Management Strategies: The community’s sustainable future
ultimately depends on maintaining a physical hydrologic link between renewable water
sources and the infrastructure needed to convey those waters to customers within the
projected service area.
2. Utilize Renewable Ground Water: Tucson Water plans to limit its ground water
withdrawals at or below this hydrologically sustainable level in order to ensure the longterm viability of the aquifer within the Utility’s service area.
3. Preserve City’s Ground-Water Credits for Longer Term: The City could extend its
AWS designation under any future scenario by depleting its reserve of non-renewable
ground-water credits in the near or mid terms. Instead, Tucson Water recommends that
these credits be preserved as long as possible to provide planning flexibility for the
future. It is more prudent to use these credits as short-term transitional supplies while
additional renewable supplies are being acquired and/or developed. This would ensure
that the water resources needed to support new growth will be hydrologically sustainable.
4. Reassess the Water-Quality Target for Colorado River Water: Customer preferences
are being reassessed through the on-going Decision H20 program by linking costs and
environmental sustainability issues with potential mineral level targets. The goal is to
finalize this aesthetic water-quality management decision in 2008.
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5. Fully Utilize Colorado River Water: Between CAVSARP, SAVSARP, and the Pima
Mine Road Recharge Project, the Utility will have sufficient recharge capacity in place to
fully use its Central Arizona Project allocation as early as 2009.
6. Fully Utilize Effluent for Future Supply: Tucson Water recommends that the resourcemanagement goal should be to maximize the future use of the City’s effluent through
additional treatment and recharge in order to augment the aquifer within Tucson Water’s
service area.
7. Acquire Additional Water Supplies: The City of Tucson is already exploring
opportunities to acquire potentially available supplies to augment its water-resource
portfolio. The availability of additional water resources will become increasingly
competitive and costly both locally and statewide. The Utility is encouraged that the
Central Arizona Water Conservation District is actively exploring ways to play the
leading role in acquiring additional supplies for water interests in its three-county service
area.
8. Manage Water Demand: Tucson Water is taking a number of actions to further manage
demand including expanded conservation programming, reducing lost and unaccounted
for water, encouraging the practice of water harvesting, and providing public information
programs. Additional demand management efforts have been evaluated and
recommended by the Community Conservation Task Force to further reduce per capita
potable water use.

9. Adjust Development Fees to Shift the Cost of Growth to New Customers: Tucson
Water has developed a financial plan that continues to shift the cost burden of growth to
new customers as they are added to the system. The Utility recommends that in the
future, development fees be adjusted to ensure that existing customers do not inordinately
bear the cost of growth.

10. Continue to Expand Regional Cooperation: Tucson Water has taken steps to initiate
new cooperative efforts and expand existing ones with local providers. These cooperative
actions focus on acquiring additional sources of water supply, developing resource credit
banking agreements, and exploring potential win-win arrangements to wheel renewable
resources within the region.

MORE ON REGIONAL COOPERATION
Over the years, Tucson Water has been an active participant in many formal and informal
local groups such as the Southern Arizona Water Users Association (SAWUA) where local
water-management issues are discussed. In 2004, Tucson Water began discussions about
regional cooperation on water-resource issues with the largest water providers in the area.
These discussions resulted in a 2006 proposal from SAWUA for a cooperative water-supply
organization.
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At approximately the same time, the Central Arizona Water Conservation District (CAWCD)
Board developed a strategic plan that included the goal of acquiring additional water
resources on the behalf of all water providers within its three-county service area. In effect,
CAWCD proposed performing the same functions as envisioned under the SAWUA proposal
but on a much larger and far-reaching scale. In addition, Pima County has proposed the
establishment of a countywide water-and-wastewater authority which would include all
public and private water and wastewater providers located within the county.
As these alternative proposals have been discussed, local water providers have continued to
discuss potential cooperative projects related to water supply and management. The
discussions have included concepts such as joint projects for delivering renewable water
supplies to areas of need, common issues and concerns for coordinated lobbying at the State
level, and consideration of water credit transfers to reduce costs to ratepayers and meet
water-management goals.
Tucson Water has extensive credit account balances from recharged Colorado River water,
recharged effluent, and groundwater credits. Making these “paper water” credits available to
other water providers can benefit water ratepayers in the region and Tucson Water can
leverage these resources in ways that provide benefits to its own ratepayers. In early 2007,
Tucson Water took the discussions a step further and proposed principles and limitations for
future credit transfers. The other local water providers agreed that the principles would
include the transfer must benefit regional water management goals, must benefit water
ratepayers, and must be a win-win for both parties. Tucson Water notified local water
providers of the principles and limitations and the available credits for transfer. Two local
water providers expressed potential interest and discussions are ongoing.

REASSESSING THE FUTURE
The recommended plan will periodically be reassessed and revised as planning assumptions
and circumstances change over time. Within the 50-year planning horizon, new water
planning futures will undoubtedly materialize while those currently envisioned may evolve
or fade away. Tucson Water will continue to update and improve the planning tools
developed to support this planning process. These tools will allow the Utility to update
planning projections and to complete comprehensive revisions in an expeditious manner.
Future updates and/or comprehensive revisions to this plan may be initiated by the following:
•

Specific direction provided by the City of Tucson’s Mayor &
Council.

•

Significant change in PAG’s updated population projections.

•

Marked change in the anticipated size of Tucson Water’s future
service area.
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•

Significant changes in the current or projected availability of water
resources.

•

Advent of new technologies that could alter costs and/or the technical
effectiveness of planning elements.

•

Marked changes in the regulatory environment in terms of water-quality
and/or water-use requirements.

•

Major shifts in the preferences of Tucson Water customers.

Through prudent resource planning, Tucson Water has diversified its portfolio of water
resources to include not only ground water but also Colorado River water and reclaimed
water. Tucson Water will ensure a sustainable water future within its service area by
continuing to reduce the community’s reliance on ground water while working toward
maximizing the use of its renewable supplies. The Utility is also committed to continue
upgrading its water storage and conveyance facilities ensuring a highly reliable and efficient
link between its water supply sources and the community’s many points of use.
Tucson Water currently has access to sufficient supplies of ground water, Colorado River
water, and reclaimed water to extend its AWS designation for decades. Current water
demand projections indicate that failure to acquire additional renewable water resources
and/or not fully utilizing the balance of the City’s effluent entitlement in a timely manner
means that Tucson Water would have to deplete its finite paper-water reserve of groundwater credits to satisfy near- and mid-term demands. Conversely, fully utilizing the balance
of the City’s entitlement of effluent through long-term banking and/or acquiring additional
renewable supplies that would be imported into the area would extend the City’s AWS
designation for many decades. And as shown in the scenario analysis, more effective
conservation measures could markedly reduce projected water demand which in turn would
extend the City’s AWS designation even further.
This is the first update to Water Plan: 2000-2050, and there will be others in the years to
come. As critical planning assumptions change and as new uncertainties arise, a new
comprehensive revision to Tucson Water’s long-range plan will be needed to reset the
compass. As the present unfolds into the future, the primary necessity is to prepare for
change since it is the only certainty. This recognition reinforces the need for continuous
resource planning and wise water management.
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APPENDIX A
CONSERVATION MEASURES RECOMMENDED BY
THE COMMUNITY CONSERVATION TASK FORCE

I

II

III

IV

Rebates
&
Incentives
(8)

Retrofit on Resale
Ordinances
(5)

New
Construction
Ordinances
(4)

Demonstration
Programs
(3)

V
Other
(2)

Single-Family
Residential

•
•

Ultra-Low-Flow Toilet Rebate
Gray Water Incentive

Multi-Family
Residential

•
•

Irrigation System Upgrade Rebate
High Efficiency Toilet Rebate

Commercial/
Industrial

•
•
•
•

In-door/Out-door Sub-metering Incentive
Ultra-Low-Flow Toilet Rebate
Pre-rinse Spray Valve Rebate
Waterless Urinal Rebate

Multi-Family
Residential

•
•
•

Irrigation System Retrofit on Resale Ordinance
Ultra-Low-Flow Toilet Retrofit on Resale Ordinance
Condominium Conversion: In-door/Out-door Submetering Incentive

Commercial/
Industrial

•
•

Irrigation System Retrofit on Resale Ordinance
Passive Water Harvesting Retrofit on Resale
Ordinance

Multi-Family
Residential

•
•
•

Revised Landscape Design Standards
In-door/Out-door Sub-metering Ordinance
Irrigation System Design Ordinance

•

Water Harvesting and Gray Water Ordinance

•
•
•

Hot Water Re-circulation Program
Smart Irrigation Controller Program
Water Harvesting Program

Multi-Family
Residential

•

Ultra-Low-Flow Toilet Community-Based
Distribution

Other

•

Ultra-Low-Flow Toilet Vendor-Driven Delivery

Commercial/
Industrial

All Sectors
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APPENDIX B
CITY OF TUCSON WATER DEPARTMENT
DROUGHT PREPAREDNESS AND RESPONSE PLAN
Answers to Commonly Asked Questions
1.

What is a "Drought Preparedness and Response Plan"?
A new law passed in 2005 required all Arizona water systems to develop a drought
preparedness and response plan and file it with the Arizona Department of Water
Resources ("ADWR") by January 1, 2007. TUCSON WATER developed a plan that
addresses the potential impacts of drought on the water resources our community
depends upon, and outlines the actions we would take in response to increasing impacts
associated with sustained drought. Mayor & Council approved the Plan on November
28, 2006 and an implementation ordinance (No. 10380) was approved on March 20,
2007.

2.

What does "drought" mean?
To ensure that our Drought Preparedness and Response Plan meets the requirements of
the State of Arizona, TUCSON WATER uses the same definition of drought that is used in
the State's own Plan: "a sustained, natural reduction in precipitation that results in
negative impacts to the environment and human activities."

3.

The City already has an "Emergency Water Conservation Ordinance" - Doesn't it
already address drought?
The 1995 Emergency Water Conservation Ordinance (No. 8461) broadly outlines a
response plan for an unforeseen event. Unlike an emergency situation, it is important to
recognize that drought impacts to water supplies typically do not occur without warning,
particularly for a large, multi-source water system such as Tucson's. With proper
planning and investment, TUCSON WATER may avoid ever experiencing a water crisis
as a result of drought.
TUCSON WATER's Drought Preparedness and Response Plan refines and expands upon
the 1995 ordinance. Drought indicators and response measures were developed to fit the
unique characteristics of the Utility's water resources, water system attributes, and
customer-use patterns so that the Utility can appropriately respond to potential drought
impacts on its water supplies. For example, our use of Colorado River water ("CAP"
water) as part of our drinking water supply is unique in the Tucson region. The use of
both groundwater and CAP water supplies, particularly the operation of the Clearwater
recharge and recovery system, provides a high degree of water supply reliability to
TUCSON WATER customers during times of local drought.
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4.

What does Tucson Water's Drought Preparedness and Response Plan include?
Tucson Water's Plan includes four drought response stages:
Stage 1 — Will be declared based on regional indicators such as a severe and
sustained drought on the Colorado River and/or a State declaration of drought in
the Tucson region.
Stage 2 — Will be declared if an initial shortage (i.e., a shortage that does not
affect municipal uses) is declared on the Colorado River, or if local system
factors require additional response actions.
Stage 3 — Will be declared based on limited reductions in CAP deliveries to the
City or if local system factors require additional response actions.
Stage 4 — Will be declared based on additional reductions in CAP deliveries to
the City or if local system factors require additional response actions.

5.

How will each stage affect me?
As you might expect, the more a drought affects our ability to deliver water, the more
stringent the responses must become. All response measures implemented during a
lower response stage will remain in effect in later stages, along with additional
measures. TUCSON WATER's Drought Plan includes some of the following
recommended actions.
Stage 1
Public education on drought issues;
Modify water system operations;
City departments identify water-saving and water efficiency measures for all
City facilities;
Possible additional measures may include voluntary self-audit programs for
commercial, multi-family and industrial users.
Stage 2
Additional public education and additional system or operational actions;
Prohibit public fountains and other non-essential uses within City operations;
Implement water savings/efficiencies identified in Stage 1 for all City uses of
potable water;
All potable water users requested to make additional voluntary reductions;
Mandatory self-audits required for commercial, multi-family, and industrial
users;
Irrigation restrictions required for commercial, multi-family, and industrial
customers.

B-2

Stage 3
Mandatory water reductions by all potable water users; and
Plumbing retrofit on resale for residential, commercial, multi-family, and
industrial users.
Stage 4
Implement the City's Emergency Water Conservation Ordinance;
Non-essential outdoor water use restricted or prohibited;
Restaurants provide water only upon request;
Outdoor misting systems in public areas prohibited;
No filling of swimming pools, fountains, spas or other exterior water features;
Car Washes only at facilities which recycle water, except for emergency
vehicles; and
Additional response actions may be developed if warranted.
6.

What are Tucson's back-up or emergencies water supplies?
Groundwater can serve as a short-term backup supply, but the Plan acknowledges that
long-term reliance on groundwater is not sustainable. To minimize groundwater
overuse, TUCSON WATER may require additional mandatory demand reductions and/or
develop alternative renewable water supplies.

7. Will the Plan ever be changed?
The Plan will be updated regularly to reflect changing conditions and as new
information is developed.
8. Who can I contact for more information?
Contact the Tucson Water Conservation Office at 791-4331 for additional information.
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APPENDIX C
EFFLUENT GENERATION PROJECTION MEMORANDUM
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APPENDIX D
A PRIMER ON THE COLORADO RIVER AND THE
POTENTIAL FOR SHORTAGE
The Colorado River is one of the primary sources of water supply, power generation,
recreation, and environmental habitat in the western United States. The river channels runoff
from a drainage area of about 246,000 square miles within seven states to meet the water
supply needs of over 25 million Americans. It provides a large part of the State’s watersupply portfolio and by virtue of the Central Arizona Project, it is the largest renewable water
source available to Tucson Water.
A shortage has yet to be declared on the Colorado River, but one will likely occur in the
coming years. Depending on its magnitude, a shortage could have negligible to very
significant impact on water providers who rely on this water source to meet water demand
within their service areas. This appendix summarizes what a declaration of shortage means
and how prepared Tucson Water is to meet such a challenge.

BACKGROUND
The Utility’s access to the Colorado River relies on the State of Arizona’s annual
apportionment of Colorado River water, a physical delivery mechanism called the Central
Arizona Project, and the City of Tucson’s Municipal and Industrial (M&I) subcontract. These
elements determine the means through which Tucson Water has rights to using Colorado
River water and the relative priority of the City of Tucson’s Central Arizona Project
allocation in times of shortage.

Colorado River Water Apportionment
The waters of the Colorado River were first apportioned between the states of the upper basin
division (Colorado, New Mexico, Utah, and Wyoming) and the lower basin division
(Arizona, California, and Nevada) under the Colorado River Compact of 1922. Each of the
basins were allocated 7.5 million acre-feet per year. The division point between the two
basins was identified as Lee’s Ferry which is located where Arizona State Highway 89
crosses over to the north side of the Colorado River. However, the Compact did not
apportion annual rights to Colorado River water to individual states within the upper or lower
basin divisions.
The specific allocation of water between the three lower basin states was set forth a number
of years later in the Boulder Canyon Project Act of 1928. Under this Act, and as shown on
Figure D-1, the State of Arizona obtained rights to 2.8 million acre-feet per year of Colorado
River water. In 1944, a Treaty for the Utilization of Waters of the Colorado and Tijuana
Rivers and the Rio Grande was established between the United States and Mexico. Under
this Treaty, the Republic of Mexico was annually allotted 1.5 million acre-feet of Colorado
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River water. Allocation of Colorado River water amongst the upper basin states occurred in
1948 under the Upper Colorado River Basin Compact. Review of Figure D-1 indicates that
the annual apportionment among the upper basin states were specified in terms of
percentages while those among the lower basin states and Mexico were specified as
quantified annual volumes.
Wyoming
(14%)
Nevada
(0.3 maf)

Utah
(23%)

California
(4.4 maf)
Arizona
(2.8 maf)

Upper Basin: 7.5 maf

Colorado
(51.75%)
New
Mexico
(11.25%)

Lower Basin: 7.5 maf
International: 1.5 maf
Total: 16.5 maf

25 million Americans
depend on the Colorado
River for supply

Mexico
(1.5 maf)

Figure D-1: Annual Allocations of Colorado River Water by State and Mexico
It took many decades before Arizona was able to fully utilize its allocation, and the State had
to withstand a series of attempts to take its unused portion away. Over time, these inter-state
issues were resolved, and many Arizona communities, Native American tribes, and
agricultural interests have obtained their own rights to a portion of Arizona’s annual
allocation. These allocations were obtained pursuant to the master repayment contract
between the U.S. Bureau of Reclamation and the Central Arizona Water Conservation
District (CAWCD) related to the Central Arizona Project (Contract No. 14-06-W-245). In the
case of the City of Tucson, an allocation of Colorado River water was acquired through its
subcontract with the CAWCD and the U.S. Bureau of Reclamation (Contract No. 9-07-30W0199). Tucson’s allocation has changed over time due to various re-allocations, water
system acquisitions, and legal settlements. As discussed in Section Four, the City’s current
allocation is 135,966 acre-feet per year with two pending reallocations that will bring the
total to 144,191 acre-feet per year in the near future.

Central Arizona Project
The Central Arizona Project is a 336-mile long system of aqueducts, pipelines, and pumping
plants that extends from Lake Havasu to the southwestern edge of Tucson. The project is
designed to deliver about 1.5 million acre-feet of Colorado River water per year to Pima,
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Pinal, and Maricopa counties, and it is the largest single source of renewable water supplies
in Arizona.
Efforts to develop the Central Arizona Project began in earnest in 1946 when the Central
Arizona Project Association was formed to educate Arizonans and lobby the United States
Congress to authorize its construction. Construction was finally authorized in 1968 under the
Colorado River Basin Project Act which enabled the U.S. Department of the Interior (and the
Bureau of Reclamation) to fund and construct the Central Arizona Project and established a
repayment mechanism to recover costs. In 1971, the Central Arizona Water Conservation
District (CAWCD) was created to provide a means for Arizona to repay the federal
government for project construction and to manage and operate the Central Arizona Project.
Construction took twenty years and the entire project cost over $4 billion (Central Arizona
Project, 2007a).
Pursuant to the City of Tucson’s subcontract with CAWCD, the City’s allocation of Central
Arizona Project water is designated for Municipal and Industrial (M&I) use. An M&I
allocation has the highest priority within the Central Arizona Project allocation hierarchy
along with Native American allocations.

Colorado River Water Availability
In-stream flows at Lee’s Ferry can vary widely from year-to-year. Review of Figure D-2
indicates that the magnitude of the annual flows at Lee’s Ferry have on average been
trending downward. In recent years, the annual flows have continued to decline overall due
to the ongoing multi-year drought in the Colorado River basin (United States Geological
Survey, 2004).
The time period used to estimate water flows for apportionment under the Colorado River
Compact in 1922 was from 1905 to 1922. Unknown at the time, this time period had the
highest long-term annual flow volume of the past century averaging 16.1 million acre-feet
per year at Lee’s Ferry (USGS, 2004). Further review of Figure D-2 indicates that annual
flows of the Colorado River have generally been below 16.1 million acre-feet since 1920.
This in turn means that the time will come when some Colorado River water users will
experience periods of shortage despite the presence of significant storage reservoirs on the
system. Projections based on current on-river conditions strongly suggest that the first
shortage may be close at hand.

Figure D-2: Annual Colorado River Flow at Lee’s Ferry (modified from USGS, 2004)
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LAW OF THE RIVER AND THE CENTRAL ARIZONA PROJECT
The Colorado River is managed and operated subject to a long litany of laws, treaties, and
court decisions dating back to the Colorado River Compact of 1922. Collectively referred to
as the “Law of the River,” a broad legal framework has evolved which addresses most issues.
However, the Law of the River only provides limited guidance to the Secretary of Interior for
times of shortage. Selected elements of the Law of the River that relate to a potential Central
Arizona Project shortage are summarized in the following sections.

Mexican Water Treaty of 1944 (Treaty Series 994)
In 1944, a Treaty for the Utilization of Waters of the Colorado and Tijuana Rivers and the
Rio Grande was established between the United States and Mexico. Amongst other things,
this treaty allocated waters between the United States and Mexico for each of the three rivers
included in the agreement and authorized the construction of dams, the study of flood control
works, and the evaluation of the potential to produce hydro-electric power.
Colorado River shortage issues are indirectly addressed in this treaty. Article 10 indicates
that in the event of extraordinary drought or serious accident which would make it difficult
for the United States to make required deliveries to Mexico, the water allotted to Mexico
would be reduced in the same proportion as consumptive uses in the United States. Beyond
this statement in the 1944 Treaty, however, no agreement is in place which specifies how
Colorado River shortages would be shared between the United States and Mexico. This
apparent legal ambiguity may have significant effect on water users on both sides of the
border when the Secretary of Interior eventually declares a shortage.

Arizona v. California IV (376 U.S. 340)
The 1964 U.S. Supreme Court decision in Arizona v. California IV resolved a long-standing
dispute between the two states. Among various other issues, the Supreme Court decided the
case in favor of Arizona by confirming that Arizona will have access to its full allocation of
Colorado River water (2.8 million acre-feet per year) at such time as it is needed (United
States Supreme Court, 1964).
In Section II(B)(3) of the 1964 decision, it was confirmed that in times of shortage,
California could not use more than its allotted 4.4 million acre-feet per year just by putting a
greater volume to consumptive use before Arizona could fully utilize its annual allocation. In
effect, the Supreme Court upheld that agreements associated with the Law of the River had
precedence over the doctrine of prior appropriation. This decree essentially laid the
groundwork for the construction of the Central Arizona Project. However, the political
fallout from this decision led California to apply significant pressure in Congress to work
language into the Colorado River Basin Project Act of 1968 which specified a lower priority
for Central Arizona Project water in times of shortage.
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Colorado River Basin Project Act (U.S. Public Law 90-537)
The Colorado River Basin Project Act was signed into law in 1968 to authorize the
construction, operation, and maintenance of the Colorado River Basin Project and for other
purposes. Under this Act, the Secretary of Interior was directed to conduct a “full and
complete” investigation in support of developing a general plan to meet the future water
needs of the Western United States. The Act also included guidance on the potential to
augment flows in the Colorado River in order to offset delivery obligations to Mexico under
the Mexican Water Treaty of 1944. Finally, the construction, operation, and maintenance of
the Central Arizona Project were authorized.
The Act contains two sections pertinent to shortage issues. Section 201(b) discusses the
administration of the Supreme Court decree in Arizona v. California IV (376 U.S. 340)
noting that during times of shortage, deliveries to the Central Arizona Project will be
curtailed. Such a reduction would ensure that sufficient water is available to first satisfy the
demands of other Lower Basin rights including the full 4.4 million acre-feet per year to
California and right holders of similar standing in Arizona and Nevada. Section 304(e)
establishes a protection for any Central Arizona Project user who legally relinquished water
from other sources in exchange for Colorado River water deliveries via the project. Such
users will have the first priority to receive Central Arizona Project deliveries.

Standing of the Central Arizona Project during Shortage
Based on the guidance provided to date by the Law of the River, the 1.5 MAF associated
with the Central Arizona Project has the lowest priority during times of shortage. It is
probable that Mexico would be co-equal with the Central Arizona Project pursuant to
language in the Mexican Water Treaty of 1944; however, the specifics of this relationship
have yet to be formalized. Rights to Colorado River water along the main stem in Arizona
and Nevada that post-date 1968 would also be co-equal with the Central Arizona Project;
however, this does not represent a large volume when compared to the 1.5 million acre-feet
per year conveyed via the project. At the present time, California’s entire Colorado River
allocation of 4.4 million acre-feet per year would be protected during times of shortage until
such time as the entire Central Arizona Project allocation and other post-1968 rights are
curtailed.

SHORTAGE PROPOSAL UNDER CONSIDERATION
In order to establish guidelines for river operations during shortage conditions, the Secretary
of Interior initiated a process to establish operating criteria. In 2005, the Secretary solicited
recommendations for shortage guidelines and two main proposals were submitted – one
crafted by the seven basin states and a second developed by a group of non-governmental
environmental organizations. The Secretary also brought forward two additional potential
options (a “Water Supply” alternative and a “Reservoir Storage” alternative) as well as a “No
Action” alternative. The Secretary of Interior issued a draft Environmental Impact Statement
(EIS) in February 2007 and a final EIS in November 2007. Detailed information on the EIS,
each of the five initial alternatives, and the eventual Preferred Alternative is available
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through the U.S. Bureau of Reclamation’s website for the Lower Colorado River Region at
www.usbr.gov/lc/region/programs/strategies/documents.html.
The “Preferred Alternative” was developed by the U.S. Bureau of Reclamation based on the
concepts and criteria presented in the five original options. The Preferred Alternative is
closely aligned with the alternative proposed by the seven basin states.
The primary goals of the Preferred Alternative are to minimize the extent and duration of
shortages in the Lower Basin and to reduce the risk of a “Call on the River” where Upper
Basin water usage could be curtailed to satisfy deliveries to the Lower Basin. This alternative
includes the use of small-scale, proactive (stepped) shortages of 400,000 acre-feet, 500,000
acre-feet, and 600,000 acre-feet to maintain reservoir storage as long as possible; coordinated
operation of Lakes Powell and Mead; and creating a mechanism to store and deliver
conserved system water (through infrastructure improvements that reduce system losses) and
non-system water (generally land fallowing in tributary watersheds that results in increased
flows in the Colorado River). The primary purpose of the stepped shortages is to accept
small-scale shortages sooner in time to forestall a major shortage later in time.
An important innovation that was proposed is the potential to accrue a new class of water
credits in the Colorado River system referred to as Intentionally Created Surplus (ICS).
Under this proposal, users of Colorado River water would obtain ICS credits through
“extraordinary conservation” projects, tributary conservation projects, introduction and/or
exchange of non-Colorado River system water, and system efficiency improvements (Basin
States, 2006).
It is assumed in the Preferred Alternative that Mexico shares the reduced delivery volumes
on a pro-rata basis. It is proposed that Mexico’s shortage share be set at 17 percent which
represents Mexico’s percentage share of the total volume of Colorado River water entitled to
Mexico and the Lower Basin states. Negotiations to finalize Mexico’s proposed sharing level
are ongoing. The proposed Lake Mead elevation triggers and stepped shortage volumes
under the Preferred Alternative are summarized on Table D-1.
Lake Mead Level
(Feet amsl1)

Shortage Volume
(Acre-Feet)

United States Share
(Acre-Feet)

Mexico Share
(Acre-Feet)

1075

400,000

333,000

67,000

1050

500,000

417,000

83,000

1025

600,000

500,000

100,000

<1025

Re-consultation

Re-consultation

Table D-1- Elevation Triggers at Lake Mead and Shortage Volumes.
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Re-consultation

The Secretary of Interior issued a draft set of Colorado River Interim Guidelines for
Lower Basin Shortages and Coordinated Operations for Lakes Powell and Mead on
December 10, 2007. The current planning assumption is that the Secretary of Interior’s final
Record of Decision will reflect most, if not all, of the concepts of the Preferred Alternative.
The concepts included in this Alternative have already been endorsed by the contract users of
Colorado River water. It is also assumed that Mexico will share in Colorado River water
shortages at the 17% level although this is not yet certain.

SHORTAGE IMPACTS AND TUCSON WATER’S PREPAREDNESS
The Colorado River is the largest renewable water resource available to Tucson Water. The
Utility is currently in the process of bringing its full allocation into use to help offset groundwater mining and to comply with the State of Arizona’s Assured Water Supply regulations.
The City’s current allocation is 135,966 acre-feet per year; two pending reallocations will
bring the total to 144,191 acre-feet per year in the near future. While use of Colorado River
water is a key step toward maintaining a more sustainable water supply, the Utility will also
be prepared to deal with the uncertainties and impacts related to shortages of its Colorado
River water supply.

Probable Shortage Impacts
To assess Tucson Water’s preparedness for eventual Colorado River water shortages be they
caused by extended drought and/or climate change, it is important to first evaluate what
shortage conditions will mean for the Utility. Once a shortage is declared, the Central
Arizona Project will be curtailed to a significant degree – presumably in accordance with the
Preferred Alternative. Discounting the minor shortage contributions of other late-priority
water, it is assumed that the Central Arizona Project will be curtailed at 83% of the
appropriate volume for each shortage tier which assumes 17% of the shortage will be borne
by Mexico.
Once shortages occur, the relative priority of different water uses will determine which
Central Arizona Project water users will be impacted. Not all water uses are of equal priority.
In the Record of Decision for the allocation of waters and contracting under the CAP, major
categories of water allocation included Native American use (309,828 acre-feet per year),
M&I (640,000 acre-feet per year), and the remaining supply for “non-Indian” agriculture
(Secretary of Interior, 1983). The Record of Decision also set shortage criteria including a
condition that 25 percent of the 173,100 acre-feet annually allocated to the Gila River Indian
Community would be curtailed while the remaining allocation would share the same priority
as 510,000 acre-feet per year of the M&I allocation. The Record of Decision goes on to state
the following:
“…During years of water supply shortages, Indian users and non-Indian M&I
users would share a first priority on project water supplies…water delivery for
miscellaneous uses would be reduced pro-rata until exhausted; next, non-Indian
agricultural uses would be reduced the same way until exhausted; next, the Gila
Tribe allocation would be reduced by 25 percent and other Indian agricultural
uses would be reduced by 10 percent on a pro rata basis until exhausted.
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Thereafter, the remaining water contracted for by 11 Indian entities under
existing contracts and 75 percent of the Gila River Tribe allocation would share
a priority with 510,000 acre-feet of non-Indian M&I uses…and would be
reduced on a proportional basis, and within each class on a pro-rata basis, based
on the amount of water actually delivered to each entity in the latest nonshortage year.”
(Emphasis added; from Secretary of Interior, 1983).
Based on the above language, Tucson Water does benefit from the relative priority of M&I
uses within the Central Arizona Project’s hierarchical scheme. The Central Arizona Project
allocation totals 1.5 million acre-feet per year. Of the total, M&I subcontracts currently
account for 555,031 acre-feet per year, Native American contracts total 555,086 acre-feet per
year, and the remainder is allocated to “non-Indian” agriculture and miscellaneous uses
(Central Arizona Project, 2007a). Therefore, it is highly likely that M&I allocations would
not be curtailed until a shortage of 600,000 acre-feet per year or more is declared.
M&I allocations will only retain this relative priority based on the amount that was used in
the most recent non-shortage year (i.e. last normal year). An M&I allocation is only as
valuable as the demonstrated use of it prior to entering a shortage. The actual subcontracts
held by individual entities may also have additional language that can affect the distribution
of water between M&I users.

SUMMARY
Eventual shortages on the Colorado River will have a significant impact on the water
providers such as Tucson Water which have come to rely on this renewable water supply.
The Law of the River has evolved over time and provides limited guidance for shortage
impacts. Under this framework, the Central Arizona Project has the lowest priority for water
deliveries. With an ongoing drought and the increasing possibility of a shortage occurring in
the near term, the Secretary of Interior is in the process of evaluating operational shortage
guidelines proposed in the Preferred Alternative. Tucson Water will remain active in ongoing
planning activities to ensure the Utility is adequately prepared to deal with supply impacts
caused by shortage.
Tucson Water is well positioned for eventual shortages on the Colorado River. Nonetheless,
there are additional steps that will be taken to further augment the Utility’s protections. Of
primary importance, Tucson Water plans to bring its full allocation of Central Arizona
Project water into use as soon as practicable to ensure that it has access to the greatest
potential volume of water during the first and second tiers (steps) of Central Arizona Project
shortages. The Utility will also continue working with the AWBA to maximize the amount of
firmed water that is in storage at its own facilities while working toward finalizing recovery
plans for the majority of the water that currently lacks a clear recovery mechanism. Finally,
Tucson Water will continue to engage in state-wide and basin-wide planning efforts related
to the Colorado River.
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APPENDIX E
ENGAGING THE COMMUNITY
The first sentence of Water Plan: 2000-2050 expressed Tucson Water’s commitment to
public outreach and customer service:
Water Plan: 2000-2050 was developed to initiate a dialogue
between Tucson Water and the community about the waterresource challenges which must be addressed in the coming years.
This engagement with both customers and stakeholders continues to be a primary driver for
the Utility.
Presentations, Discussions, and Public Outreach
Tucson Water had taken elements of Water Plan: 2000-2050 “on the road” even before it
was issued in November 2004. Utility staff and management have provided well over a
hundred presentations on all aspects of water-resource planning including the analytical tools
that have been developed, the overall Scenario Planning process, the various Common
Elements and plan recommendations, financial impacts, and the critical decisions with the
primary focus being on Decision H20. Audiences have ranged from local community groups
and town halls to national conferences and seminars.
Public discussion of water resource availability in the Tucson area has been almost
continuous since Water Plan: 2000-2050 was issued. A subsequent report issued by the
University of Arizona’s Water Resources Research Center (2006) considered water resource
availability throughout the greater metropolitan Tucson region. That report drew conclusions
consistent with Water Plan: 2000-2050 regarding the need to shift to renewable water
resources and the growing importance of effluent utilization in the future.
To provide information more directly to its customers, Tucson Water relies on several
methods of communication. In addition to the presentations referenced above, the Utility has
released a number of Public Service Announcements and bill inserts to explain aspects of the
water planning process. Additional printed materials have been distributed throughout the
community at various forums. Staff has responded to hundreds of phone calls and e-mails on
Plan related topics. Local news media, both print and electronic, were actively engaged as
part of the Utility’s outreach efforts, resulting in numerous articles and television and radio
stories highlighting aspects of the Water Plan. Finally, all aspects of the plan have been
posted on Tucson Water’s website for ease of information sharing and to elicit comments
from the community.
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Key decisions and on-going policy direction regarding the Water Plan are provided to the
Utility by Tucson’s Mayor & Council. To ensure that the governing body has sufficient
information to provide this direction, Tucson Water has provided periodic updates to the
Mayor and Council, both in session and through individual meetings with the elected
representatives. As part of this on-going process, the Utility works closely with the City
Manager’s Office, the Citizens’ Water Advisory Committee (CWAC) and the Mayor &
Council’s Environment, Planning, and Resource Management (EPRM) subcommittee.
Decision H2O
One of the largest outreach campaigns ever conducted by Tucson Water has centered on
issues associated with Decision #1 of Water Plan: 2000-2050. This campaign has been titled
Decision H2O and is focused on determining the long-term mineral content of the Utility’s
Colorado River water supply delivered through the Clearwater Program. As additional
Colorado River water is added to the Clearwater project, the mineral content of the blended
supply will increase over time eventually reaching approximately 650 parts per million
(ppm), the average mineral content of the Colorado River water. During the Utility’s initial
public involvement campaign which was conducted to determine acceptable mineral content
of the Clearwater blend, Tucson Water customers selected 450 ppm as the preferred blend.
The data collection process being conducted to support Decision #1 is intended to determine
whether customers will accept the slow rise in mineral content, or would prefer to pay for a
new treatment facility to maintain the minerals at 450 ppm. To support the mineral content
decision, comprehensive technical and cost information was developed and shared with
Tucson Water’s customers through the Decision H2O outreach program.
The outreach effort is centered on determining consumer preferences between two potential
future mineral levels of the Clearwater blend and customer’s willingness to pay in order to
meet discretionary water quality targets. Three investigations were undertaken including a
Flavor Profile Analysis (taste tests conducted by a trained panel), structured consumer
panels, and an extensive kiosk outreach program.
The most visible part of the outreach program involved direct interaction with Tucson Water
customers at information kiosks from October 2006 through January 2007. Tucson Water
operated demonstration kiosks at two retail malls and two traveling kiosks that visited
locations and events throughout the community. Participants had the opportunity to taste
each mineral blend (blind test) and express their taste preference. The participants were then
provided additional information about water resources, environmental impacts, health
considerations, treatment costs, and potential household impacts of changing mineral levels.
After the customers received the additional information and staff responded to their
questions, they were asked to provide their overall preference. Over a period of four months,
more than 13,000 Tucson Water customers participated in kiosk activities. Throughout the
course of the program, weekly results were posted on a Decision H2O a website established
specifically for the program: www.decisionh2o.com.
Throughout 2007 and into early 2008, the Utility continued to conduct a number of studies to
develop a final recommendation to bring forward to Tucson’s Mayor & Council. These
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efforts include decision-matrix analyses on the customer surveys and further investigations of
the potential treatment technologies and costs to ensure that the information provided to
Mayor and Council is as current and accurate as possible. Tucson Water is also in the process
of conducting a comprehensive sustainability analysis to determine the environmental,
financial and social impacts of the two alternative water qualities and provide a broader
context within which to make the mineral decision. Factors such as carbon generation, salt
loading, land usage, water efficiency, affordability and social equity are being assessed to
compare the various options. It is expected that these remaining steps will be completed in
2008 and a recommendation will be forwarded to Mayor & Council.

Continuing the Engagement
Water Plan 2000-2050 is an evolving document which will change over time as new
circumstances, opportunities and challenges are identified. Tucson Water is committed to
continued engagement with customers and other stakeholders to ensure that the community is
aware of these changes and is offered multiple opportunities to participate in the decision
making process. Through community-wide education, interaction and collaborative planning,
the Mayor and Council, the Utility and the community we serve will be better able to identify
and meet the water management challenges that lie ahead.
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Appendix O: Report to Hill Farm Board, J. Tofield and S. Sherrard

33 | H i l l F a r m L o n g R a n g e P l a n n i n g C o m m i t t e e R e p o r t , 1 0 / 1 1

hill farm letter
To the Board of Directors
Goals:
Reduce usage of water and electricity
Save money and minimize need for raising monthly fees. Maintain property values
Maintain general ambiance of Hill Farm
Findings:
1. It is clear that water is being wasted by:
a. trying to maintain excessive amounts of grass , particularly in areas where grass cannot thrive, or
adds little to an aesthetic appearance.
b.current placement of watering heads allows runoff onto pavement, walls and paths.
2. It is clear that trees which require watering are not being properly watered. Optimum watering for trees
requires a drip type system with outlets 3 to 5 feet from the base of the trunk to provide intermittent deep
watering, NOT short frequent spray.
3. The current sprinkler system is deteriorating and requires constant expenditure to patch.
4. Over half of the existing front lawns have no grass(53/104). 12/104 have little more than small
patches, many of which are pitched and allow runoff to occur. 39 have sizeable patches of grass.
5. There are a number of grass areas where the sprinklers can be immediately shut off with little
aesthetic consequence or expenditure.
6. Horticulture can provide a detailed survey, recommendations for proper tree watering and bid for
replacing, repairing, remodelling the current system by areas. Estimated time 2-3 days at a cost of
$1,500-$2,000. Formal estimate can be prepared.
7. It seems to put the cart before the horse to convert a front yard or two at a time without addressing the
underlying problem of the irrigation system because any local conversion requires some sprinkler
modification, and work might be duplicated.
8. The board commissioned a study by an arborist. It does not seem that many of the recommendations
have been pursued. A release of liability form was to be required of homeowners who had front yard
hazardous trees. The board paid to have these forms prepared, but we cannot ascertain for certain that
this has been carried out. If not, this exposes the homeowners to liability.
In addition there were many trees in poor health, or badly trimmed and quite unaesthetic that were
identified, and nothing has been done with these recommendations, nor has a countervailing opinion
been obtained from another specialist.
9. It is clear that information vital to the functioning of Hill Farm is not centralized and readily available to
interested parties, but rather resides in various hands or in oral history.
10. Reclaimed water is not an option for augmenting our well. The cost to bring a line to Hill Farm is
prohibitive as per the City Water Department as of last week.
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hill farm letter
Recommendations:
1. A comprehensive plan for dealing with the irrigation system needs to be developed. The plan should
be in hand as soon as possible.
2. A long term goal for water and electricity conservation must be adopted. Immediate measures should
be taken to reduce water and electricity usage.
3. A better plan for collecting and maintaining information needs to be developed.
4. The legal releases from homeowners with identified hazardous trees must be either signed or verified
to the Board's knowledge.
Respectfully submitted,
Joshua Tofield and Stewart Sherrard
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Appendix P: Security of a Successful Plan, A Reserve Study for Hill Farm HOA. Prepared
by Strategic Reserves, Temecula, CA, January 3, 2008.
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