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LIST OF ACRONYMS

Arizona Corporation Commission

Arizona Department of Environmental Quality
Arizona Department of Economic Security
Arizona Department of Water Resources

Census county division

Census designated places

Canyon Forest Village

Covenants, conditions and restrictions
Commercidl, institutional and industria; e.g., “ Cll water conservation.”
Capita improvement plan

Doney Park Water Company
Evapotranspiration—the water requirement of plants and associated soils
Forest Highlands Water Company

Gallons per capita

Gallons per capita per day

Gallons per day

Gallons per flush

Gallons per minute

Grand Canyon National Park

Kachina Village Improvement District

Municipal and industrial

Million gallons

Million gallons per day

Million gallons per year

Memorandum of understanding

Named population places

Nationa Pollution Discharge Elimination System
Northern Arizona University

Planning and Management Consultants, Ltd.
Public service announcement

Pounds per square inch

Polyvinyl chloride—a material used in pipes
Rocky Mountain Institute

Small business enterprise

South Grand Canyon Sanitary District

Tusayan Water Development Association

Ultra lowflush toilet; atoilet designed to use 1.6 gallons per flush or less

ACC
ADEQ
ADES
ADWR
CCD
CDP
CFV
CC&Rs
ClI
CIP
DPW

FHWC
GPC
GPCD
GPD
GPF
GPM
GCNP
KVID
M&l
MG
MGD
MGY
MOU
NPP
NPDES
NAU
PMCL
PSA
ps
PvVC
RMI
SBE
SGCSD
TWDA
ULFT




|. EXECUTIVE SUMMARY

Water resource stakeholders on the Coconino Plateau are wrestling with the question of
how to provide sufficient water for current and future needs. Recent droughts, environmentd
concerns, population and economic growth al raise concens over the adequacy of water
supplies. A pipdine to tap Colorado River water is under study. Conservation and aternative
supplies such as wastewater reclamation are important water management drategies in locd
communities, but have received little attention at the regiond leve to date.

The North Central Arizona Water Demand Study, Phase I, contributes to the discusson
by reviewing how water is currently provided and used for residentid, commercia, municipd,
and indudtria purposes on nontreservation lands of the Coconino Plateau, in the area roughly
bounded on the south by the Mogollon Rim, on the north by the Colorado River, on the west by
the Aubrey Cliffs, and on the east by the communities of Winona toward the south and Page to
the north. Specificdly, the following communities are included in the study area:

Bdlemont

Doney Park (including Timberline, Fernwood, Casnino, Winona)
Hagstaff

Flaggaff Ranch
Forest Highlands

Fort Valey

Grand Canyon Village
Kachina Village
Mountainaire

Page

Parks

Red Lake

Tusayan

vdle

Williams

This report dso describes and evaluates water conservation activities in the study area,
and summarizes current and anticipated implementation of dternative supply sysems. It sets out
arecommended water demand forecasting methodology for a proposed Phase 11 studly.

CURRENT WATER DEMAND

In the year 2000, total water demand in the study area amounted to roughly 5,842 million
gallons, or 17,930 acre-feet. This includes both potable and nonpotable demand. In these figures,
potable demand is represented for most communities by tota drinking water production, which
includes metered water use, unmetered use (eg., fire hydrants) and unaccounted-for water (e.g.,
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digribution sysem lesks). In some smdl communities, only metered water-use data could be
obtained. Unmetered and unaccounted-for uses in these communities are consdered small, so the
omisson of these uses does not subgtantidly affect the overdl demand figures. The figures
above and in Table I-1 below dso do not include Vale and the rurd households supplied by
standpipes in Vdle. The sudy team could not obtain water production or metered water use from
the two water sysems in Vdle Agan, because of this community’s smdl sze, the overdl water-
use figures are not subgantially affected. Table F1 uses the “greater than or equa to” figure (00)
to indicte where the dight underestimation occurs. Nonpotable demand includes two
components, raw water use and use of reclamed wastewater effluent. Totd demand in the study
areain 2000 breaks down as fallows

TABLE |11
TOTAL DEMAND IN THE STUDY AREA IN 2000
Millions of gallons Acre-feet Portion of Total
Demand

Potable demand 04,667.2 014,323 80%
Nonpotable demand

Raw water 247.2 759 4%

Reclaimed 928.0 2,848 16%

wastewater
Total demand 05,842.4 017,930 100%

Water use in mogt study area communities is predominantly resdentid and commercid.
Because of the drongly tourist-oriented economy of the region, hotels and other tourist services
are dgnificant portions of water demand in many communities. Parks, golf courses and other
community landscapes are subgantid water users in Flagdtaff, Page, Williams and the gated
communities of Forest Highlands and Faggtaff Ranch (under condruction). Irrigation of private
landscagpes in most communities of the study area appears to be somewhat reduced, compared to
more urban aress of the southwestern U.S. In the more rural communities, substantial numbers of
homes have no irrigated landscgpe. Indudrid and inditutiond (eg., universty, hospitd, etc.)
uses are subgtantial only in Hagdaft.

Waer use in the sudy area varies dgnificantly from season to season. Landscape
irrigation, seasond home occupancy and tourigt traffic result in subgtantidly higher water use in
the summer than in winter. For most communities, demand in the pesk summer month is about
15 to 25 times greater than in the low winter month. For Tusayan and Page the increases are
roughly 3 and 4 times, respectively.

WATER SUPPLIES

Many communities in the sudy area rely on ground water for most or dl of their water
supply. A few communities, notably Bellemont and Fort Valey, have access to perched aquifers
a a depth of a few hundred feet. Well depths in other locations are much deeper, from 600-1,100
feet in the southeast (Mountainaire and Kachina Village), to over 3,000 feet in the west and north
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(Williams, Vdle and Tusayan). Drilling deep wells is cogsly (over $1 million per wdl) and risky.
Groundwater pumping has aso raised concerns over potential impacts on the seeps and prings
aong the south rim of the Grand Canyon that are supplied by regiond aguifers.

Three sudy area communities use surface water. Page relies entirdy on surface water
from Lake Powdl, though the city is about to develop its first groundwater wels. Williams was
entirdly reliant on surface water until a few years ago. Its five resarvoirs are unrdiadle in
extended dry periods. Williams now has three producing wells. FHagstaff dso uses surface water.
In wet years Lake Mary has provided as much as 70 percent of the city’s water supply. In most
years it provides less, and has come close to drying up in a few years. Page and Williams treet
most of their surface supplies for potable purposes and use some raw surface water for golf
courseirrigation. Flagstaff treats al of its surface water for potable uses.

Severd portions of the study area, especially Parks and Red Lake, continue to develop
despite lack of any loca water supplies. Surface water sources do not exist in these locations,
and depth to groundwater makes drilling of individud or smdl community wels cos-
prohibitive. These areas ingead rely on hauling of water from standpipes in Fagsaff, Doney
Park, Bellemont, Williams, Vdle and Tusayan.

Alternative supplies are dready important, and growing, as a water source in the study
area. Wastewater reclamation and reuse, accomplished via treatment at a centralized wastewater
treetment plant and reclamed water redistribution lines to points of use, is now practiced in
sven communities Hagdeff, Forest Highlands, Grand Canyon Village, Page, Tusayan, Vdle
and Williams. Reclamed wastewater now provides for 16 percent of totd water demand in the
study area. More notably, it provides subgstantid servicein a least Sx communities:

TABLE I-2
COMMUNITIES USING RECLAIMED WASTEWATER AS A
SIGNIFICANT SUPPLY

Reclaimed wastewater portion of
total demand
Flagstaff 15%
Forest Highlands 19%
Grand Canyon Village 22%
Page 22%
Tusayan 40%
Williams 19%

Development now underway at the Bedlemont Travel Center and Hagdaff Ranch will
include wastewater reclamation as an important water supply. Hagdteff is aggressvely seeking
to move additiond customers from potable supplies to its subgtantia reclamed water supplies.
Forest Highlands has in place an agreement to draw reclamed water from Kachina Village as
needed and avalable. Williams plans to add reclamed water storage in the future, increasing its
wadewater reuse subgtantidly. And Grand Canyon Village, Tusayan and Vadle dl have in place
the infrastructure to alow for increased use of reclaimed water.
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Ranwater havesing is another important dternative supply. A five-acre Hypaon
caichment basin a the Grand Canyon arport in Tusayan provides virtudly dl the potable water
used by the airport @mplex and a dozen nearby homes. This system meets 6 percent of the tota
water demand in Tusayan. A second notable system is under congruction at Haggtaff Ranch. It
will use a French dran (a trench filled with gravd and bottomed with a perforated pipe to
capture drainage) to divert locd pavement and subsurface runoff to a holding pond for golf
course irrigation. It is likey that a number of individuad homes in the sudy area, particularly in
water hauling locales, practice rooftop rainwater harvesting, but the contribution of these sysems
cannot be easily quantified.

In addition to increased rainwater harvesting and expanded use of centralized wastewater
fadlities to reclam water, the future will likey see ondte wastewater trestment and graywater
reuse making contributions to loca water supplies. The Arizona Depatment of Environmentd
Quadity (ADEQ) has recently enacted regulatory changes that will make use of ondte wastewater
and graywater supplies more permissble and less costly. The potentid for dternative supplies to
meet an increasing portion of totd water demand in the study area is Sgnificant and merits
further study.

WATER EFFICIENCY AND CONSERVATION

The sophidication, leve of effort, and corresponding results of water efficiency and
consarvation activities—*water demand management’—vay subgantialy throughout the study
area. Flaggaff has the most extensve and notable water efficiency and conservation program. Its
efforts ae commensurate with those of other samilaly szed and dtuated water tilities.
Hagdaff's educational prograns—eg., teevised public service announcements, newspaper
insats and school programs—aso  benefit other Coconino County communities by rasng
conservaion consciousness beyond the city limits as wdl as within. Williams has recently mede
important gtrides in building an efficiency and conservation program. Page, for its dze and
concern over adequacy of current supplies for future growth, is remarkable for not having
implemented a serious water efficiency and conservation program. In most other communities,
consarvetion rate dructures, or smply the high price of water, provide the main motivating
factor for customers to implement water efficiency measures or practice water-wise behaviors. It
appears that high prices have become a conservation tool mostly by default, because of the high
cost of providing water in this region, rather than as a conscious water conservation srategy.
Only Doney Park Water Company (DPW), Hagdaff and Kachina Village have wha the study
team congders to be effective conservation rate structures.

With a few exceptions, active intervention to increase water efficiency by locd waeter
providers or planning and building officids is very limited in the sudy area. Active intervention
includes incentives such as rebaes giveaways and bill credits, regulations on fixtures,
landscape, irrigation systems, etc.; audits and technical assistance; sysem measures such as
ongoing digribution lesk testing; and other programs. Even educationd programming—a farly
low-cog, but largely passive approach—is nonexigtent or thin in many study area communities.
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The county and some loca governments do have in place some regulations on fixtures.
However, in dmogt al cases these regulations are vague—they dmply require “low flow”
fixtures, without specifying flow rates. Thus locd plumbing standards, unless more vigoroudy
specified and enforced on a case-by-case bads in devdopment reviews, smply default to the
nationd plumbing dandards in place snce 1994. Those standards no longer represent best
avallable technology.

Much more could be done in the study area with respect to water-efficient technologies
and water-wise behaviors and landscaping choices. The potentid for study area stakeholders to
produce dgnificant additiond water savings in exising development, and to reduce the water
demand of new deveopment, is dgnificant. This report identifies 23 efficiency and conservation
measures—technologies and management practices that reduce water demand—that are
probably appropriate in the study area. Additional industry-specific measures would be available
in the commercid, inditutiond and indudtriad sectors. The report dso identifies 20 gpplicable
implementation techniques—wWays of encouraging or requiring end-users to adopt efficiency and
consarvaion measures. These measures and programs should be further studied for ther
suitability and water savings. Some are agppropriate for implementation by individuad water
systems, while others could be mounted through regional cooperation.

DEMAND FORECASTING

Recent water resource planning efforts in the study area have used the estimates of future
water demand developed by the Arizona Department of Water Resources (ADWR) in its Phase 1
— North Central Arizona Regional Water Study report (1999, hereafter referred to as the ADWR
Water Supply Study). The report provides a very brief discusson of water demand for each
community, but the methodology used to estimate the water demand for each area is not well
documented.

The authors of this sudy (The North Central Arizona Water Demand Study — Phase [
Report) have many reservetions about the ADWR demand edtimates, which are detailed later.
Further, the ADWR Water Supply Study attempts to estimate the new supply increment needed
over current supplies. Those estimates do not account for recently developed supply sources in
Tusayan and Williams. They adso make problematic assumptions about needs for new sources.
Tusayan, Williams, and Grand Canyon Nationd Park are assumed to completely abandon ther
existing supplies and wasteweter reuse systemsin favor of anew supply source.

Additional water demand forecasts are reported in the Flagstaff Area Regional Land Use
and Transportation Plan (2001), the Page General Plan Update (BRW, Inc. and Sunregion
Associates, Inc. 1995), and the Final Statement for Tusayan Growth (U.S. Forest Service 1999).
In most cases, the assumptions and methods used for the demand forecasts in these documents
arenot clear.

A more thorough analyss of future water demand is highly recommended. Assumptions
and linkages between water use, population growth and other growth factors should be carefully
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rescarched and clearly specified. Contributions that water conservation and dternative supplies
could make to the overdl water resources Stuation should be evaluated.

This report outlines the demand forecasting methodology proposed for Phase Il of The
North Central Arizona Water Demand Study. Phase |l is designed to provide water resource
managers and decison-makers with information about future water demand and potentia effects
of demand management and dternaive supply options. The intent is to provide a thorough and
accurate assessment of water demand under basdine and conserveion/dternaive supply
scenarios. Given the avallable data and locd water use patterns, the authors recommend that the
demand forecasting system include two separate anayses.

Forecasting of potable water demand with water-use models. These modes will be
based on population projections, in conjunction with water-use rates determined
through andyses of the locd determinants of water demand. The sophitication of
these andyses will vary by location and water-use sector according to the availability

of necessary data.

Forecasting of nonpotable water demand and displacement of potable water demand
with nonpotable alternative supplies. Currently avalable data does not permit
modding of nonpotable use. The forecasts will insead be developed through an
assessment of existing and potentia applications of dternative supplies.

The authors propose using the population projections of the Arizona Department of
Economic Security (ADES) as the future population input for water demand modding. This data
st employs the most credible methodology and provides interna consstency for both county-
level population projections and subcounty projections that closdly match water system
geographies. Alternative population scenarios could aso be evauated, if desired.

The potable water demand modds in Phase Il will employ a methodology that: () dlows
for adjusment of mode inputs to reflect expected changes or defined scenarios for future local
economic conditions, and (b) dlows for specification of water conservation scenarios. The
methodology will do so by employing factors for water use per account and accounts per
population. The overdl procedure will be asfollows:

1. Conduct regresson analyss to determine appropriate basdine water-use rates (water
use per account) for each location and sector (customer class) where adequate data
exigs. For example, an attempt will be made to “normaize’ historic water-use rates
for historic variations in weather and changesin water rates.

2. Assemble a system of specific models of potable water demand for each community
and sector usng water-use rates based on datidicaly sgnificant regresson results or
other approaches for communities/sectors where regresson andyss is not feasble or
effective.

3. Adjust the modes for expected future changes in demogragphic and economic
conditions.
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4. Edimate future potable water demand by location using the modds and population
projections (i.e., estimate basdine water demand).

5. Edimate water demand by location for scenarios of increased water efficiency and
consarvation activity.

6. Conduct sengtivity testing and forecast demand under additiond scenarios as needed
and appropriate.

Forecasts of nonpotable water demand must reflect the physica configurations of water
infrastructure and patterns of water use in each community. The socid acceptability of
dternative supplies must dso be consdered. The study team will meet with water system
managers in eech community to discuss opportunities and condraints for usng rawv waer and
vaious dternaive supplies, and to obtain their informed judgments on future new uses of
nonpotable water and future displacement of potable water uses with nonpotable supplies. In
addition, past and emerging experiences of communities around the country with the full range
of dternative supplies will be examined, as reflected in the water resources and water
conservation literature,

Total water demand forecasts will be developed for each study area community and three
proposed forecast scenarios.

Basdline (current and planned demand management and dternative supply activities);
M oderate conservation and aternative supply investment (increased activity); and

Aggressve consarvation and dternative supply investment (a full range of dHate-of-
the-art measures and programs).

This report presents a proposed workplan for Phase I, and notes a number of issues and
concerns that must be resolved prior to initiation of Phase 1l. Costs for Phase Il will depend on
how some of these questions are to be addressed, the number of forecast scenarios, etc. The
estimated cost range is $75,000 to $150,000.

RECOMMENDATION

Effective programs across the country have conclusvely shown that water efficiency and
conservation should be consdered a “supply” of wate—an dready developed resource that
when tapped can help defer, downsize or avoid atogether costly new water supply infrastructure.
This is especidly true when water efficency and conservation are conddered together with
water reuse and other dternative supplies in a thorough, integrated evauation of available
options for meeting water needs.

Demand management and conventional and dternative supplies must dl be considered if
a community or region is to develop the most cod-effective gpproach to meeting human and
environmental water needs. Conventiona supply options, from new wells to an imported water

I. Executive Summary 7



pipeline, are getting condderable atention in the study area As with any integrated water
resource planning process, a detailed and accurate water demand forecast is required to (1)
provide an understanding of both current and anticipated water-use patterns and (2) establish the
basdine for the andyss of dternaives. The Phase || water demand study is recommended, in
order to provide both a better understanding of future needs, and to add a sound evaluation of
water conservaion and dternative supply development to the “resource mix” avalable for
consderation by regiona water stakeholders.

8 I. Executive Summary



