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TUCSON AMA SECOND MANAGEMENT PLAN 

A. THE SECOND MANAGEMENT PLAN

The Groundwater Management Act of 
1980 established the Department of 
Water Resources (Department or DWR) 
to administer provisions set forth in 
the water management legislation. The 
Groundwater Code gives DWR broad 
authority over state water concerns and 
requires DWR to prepare a series of five 
progressively more stringent ground
water management plans for each of the 
state's four Active Management Areas, 
or AMAs. This Second Management 
Plan for the Tucson AMA addresses the 
l 990 to 2000 period, and is intended to
be a comprehensive approach to water
resources management.

The Second Management Plan is com
prised of three primary components: 
1) mandatory water conservation
requirements for agricultural,
municip?l, and industrial groundwater
users and groundwater distribution 
systems; 2) a groundwater quality 
assessment and management program; 
and 3) a water supply augmentation and 
reuse program. The plan includes the 
following chapters: 

Chapter l - Introduction 

Chapter 2 - Water Resources Analysis 

Chapter 3- Water Quality Assessment 
and Management Program 

Chapter 4 - Agricultural Conservation 
Program 

Chapter 5 Municipal Conservation 
Program 

Chapter 6 - Industrial Conservation 
Program 

Chapter 7 Augmentation and Reuse 
Program 

Chapter 8 - Plan Implementation 

Chapter 9 - Conclusions and Future 
Directions 
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The Second Management Plan contains a 
great deal of information on water use 
characteristics, water supply and 
demand projections, water quality, 
water supply augmentation strategies, 
and the Department's management ap
proach to these issues. This information 
is provided to explain the Plan's 
development, educate water users, and 
provide information useful in developing 
future water management policies for 
the Tucson AMA. 

Legally enforceable conservation 
requirements for groundwater users and 
distribution systems are contained in 
Chapters 4, 5, and 6. These require
ments are printed in italics for easy 
reference and are located at the end of 
Chapters 4 and 5, and after each 
industrial water use sector in Chapter 6. 

It should be noted that water users may 
apply for an administrative review if 
they feel their conservation require
ments have been calculated incorrectly 
or if extraordinary circumstances 
exist. If users feel they require more 
time to comply with a requirement, they 
may apply for a variance. Further dis
cussion of variances and administrative 
reviews is contained in Chapter 8. 

This chapter provides a framework for 
the Second Management Plan through a 
discussion of the following topics: 

• Arizona's Groundwater
Management Problem

• Overview of the Groundwater
Code

• The Tucson AMA Water
Management Approach

• Management Principles

• Tucson AMA Management G oals
and Objectives

• Program Implementation

• Balanced Approach



1. Sever-ability Clause

If any provision or part or term of a
provision of this management plan for
the second management period for the 
Tucson Active Management Area is held
by the courts to be illegal or in conmct
with any law of the State of Arizona or
the United States of America, the
validity of the remaining provisions shall 
not be affected. The remaining
provisions of the plan shall be construed
and enforced as if the plan did not
contain the particular provision or part
or term of a provision held illegal or in
connict with law.

B. ARIZONA'S GROUNDWATER

MANAGEMENT PROBLEM

On a long-term average basis, ground
water withdrawals in central and 
southern Arizona have exceeded 
recharge by approximately two million 
acre-feet per year. Groundwater over
drafting has resulted in the lowering of 
groundwater levels by as much as 600 
feet in some areas. Furthermore, in 
some locations, groundwater depletion 
has made it economically infeasible to 
pump water for some uses and has 
caused a lowering of the land surface 
and water quality problems. These 
trends, if allowed to continue, would be 
disastrous for Arizona's expanding 
population and economy. 

C. OVERVIEW OF THE GROUNDWATER

CODE

Arizona's Groundwater Code was 
enacted in 1980 to address the ground
water overdraft problem occurring in 
several areas of the state. The primary 
objectives of the Code are: 1) to control 
the severe overdraft occurring in some 
parts of the state, and 2) to provide the 
means for allocating Arizona's limited 
groundwater resources to most effec
tively meet the state's changing water 
needs. 
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INTRODUCTION 

The Groundwater Code established four 
Active Management Areas where 
groundwater overdraft is the most 
severe: Phoenix, Tucson, Pinal and 
Prescott. The Code also established two 
Irrigation Non-Expansion Areas (INAs): 
Douglas and Joseph City. A third INA, 
HarqYahala, was designated by the 
Director in June, 1982. Figure 1 shows 
the location of the four AMAs and three 
INAs. 
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Figure l 
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The Code requires the Arizona 
Department of Water Resources to 
develop a series of five groundwater 
management plans for each Active 
Management Area. The goal of the 
management plans for the Phoenix, 
Tucson, and Prescott AMAs is to 
achieve "safe-yield" of the the Active 
Management Area's groundwater 
resources by the year 2025. Simply 
stated, safe-yield means that long-term 
groundwater withdrawals do not exceed 
recharge of the aquifer. The safe-yield 
concept is discussed more fully in 

/ 
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Section F of this Chapter. In the Pinal 
AMA, where a predominantly agricul
tural economy exists, the goal is to 
allow the development of non-irrigation 
water uses, extend the life of the 
agricultural economy for as long as 
feasible, and preserve water supplies for 
future non-agricultural uses. 

The Code limits withdrawals of ground
water within Active Management Areas 
to holders of groundwater rights. These 
water rights and other key features of 
the Code are discussed in Appendix 1. 
Readers not familiar with the different 
types of groundwater rights established 
by the Code are encouraged to read this 
section. 

D. THE TUCSON AMA WATER
MANAGEMENT APPROACH

For eacl) Active Management Area, the 
Groundwater Code directs the 
Department of Water Resources to 
develop a series of five water 
management plans covering the period 
from 1980 to 2025. The Code and 
management plan requirements apply to 
entities that pump groundwater, or 
distribute or use groundwater or 
commingled water (a mixture of ground
water and other types of water). 

The First Management Plan for the 
Tucson AMA was the first step toward 
a comprehensive and effective water 
management program. The plan 
initiated conservation programs and 
focused attention on important water 
management issues. The plan was 
subsequently amended to include an 
augmentation program designed to 
investigate opportunities for water 
supply enhancement and storage. The 
Second Management Plan not only 
continues the water conservation and 
augmentation efforts of the First 
Management Plan but also establishes an 
overall management strategy for the 
1990s which will identify water 
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management problems and develop 
appropriate solutions. 

The Second Management Plan expands 
upon the agricultural, municipal, and 
industrial conservation programs of the 
First Management Plan. The augmen
tation program provides a more 
comprehensive assessment of water 
supply enhancement possibilities than 
the First Management Plan and includes 
provisions for an augmentation grants 
program. In addition, a groundwater 
quality assessment and management 
program has been added to this plan. 

1. Plan Development

The Second Management Plan was
developed in many phases. First, a
detailed plan of study was prepared that
outlined data collection and analysis
needs in each program area. Research
was then conducted by Department staff
and by consultants with expertise in
specific program areas. Water conser
vation targets and water management
programs were drafted based on these
research findings. The proposed
requirements and programs were
reviewed extensively by advisory groups
and public interest organizations, and
then revised to produce the draft Second
Management Plan which was promul
gated on April 21, 1988. Public
comments on the draft plan were
received during a formal hearing held on
June 7, 1988, and written comments
were received until June 29, 1988.

After reviewing all of the received
comments, the Department made
changes to some of the conservation
requirements and management programs
and adopted the modified plan on
October 28, l 988. A number of requests
for review or rehearing of the modified
plan were filed pursuant to the
Department's procedural rules, and a
rehearing for specific requirements and
program elements was held on January
24, 1989. Publication of this final



document followed a final order of 
adoption, dated December 15, 1989, 
which included revisions to some of the 
requirements and programs. This plan 
became effective December 14, 1989, 
on the date of the second publication of 
the plan's requirements. 

2. Public Participation

Public input has played an important
role in the development of this Plan.
The Groundwater Code established a
five-member Groundwater Users
Advisory Council for each Active
Management Area. The Department
met with the councils throughout the
planning process to obtain their opinions
and recommendations on components of
the Second Management Plan. Council
meetings were open to the public, and
interested groups and individuals made
their views known to Department staff
in this f_orum. The Councils commented
on this plan, as required by law, prior to
promulgation.

The Department also consulted with 
numerous advisory groups and 
committees, comprised of technically
oriented representatives of various 
water resources organizations and 
special interest groups. Public comment 
was obtained throughout the planning 
process during numerous presentations 
and workshops given by Department 
staff to clubs, civic organizations, and 
the general public. The Department 
distributes its quarterly newsletter, 
"Water Planning News," to individuals 
and organizations interested in Arizona 
water issues to inform them of the 
Department's planning activities and 
research find in gs. 

E. THE DEPARTMENT'S MANAGEMENT

PRINCIPLES

The Groundwater Code provides the 
Department with many management 
tools that vary in their flexibility and 
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approach. Because the Code is not only 
comprehensive, but complex, general 
management principles are needed to 
guide program development and 
evaluate water management alterna
tives. The Department will strive to 
develop programs for the 1 990s using a 
water management philosophy based on 
the following principles: 

• Effective water management must
include both water supply and demand
management programs. Comprehen
sive supply and demand management
allows the flexibility needed to
address changing water resources
issues. Among supply management
alternatives is the substitution of
renewable water sources for non
renewable groundwater resources.
Demand management, which includes
water conservation efforts, allows
available water supplies to serve more
users or extend use over a longer
period of time.

• Groundwater right holders must be an
integral part of the management
structure. All water users are
required to reduce water use to the
extent deemed reasonable based on
the Department's analysis of conser
vation potential. Since right holders
are the most familiar with their
individual needs and ability to respond
to water resources issues, they should
play a major role in program
development and implementation.

• Public education on water matters
and public involvement in
management program development
and implementation are essential to
sustaining a strong and effective
water management effort.

• Water management efforts should
consider economic impacts and
feasibility. Water management
programs should be based on sound
economic planning principles.
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• Exchanges and transfers of water and
water rights are important tools for
allocating supplies in response to
changing water use patterns. Public
policy should allow and encourage the
transportation of water from areas of
resource surplus to areas of resource
deficit.

• Water management efforts should be
consistent with and enhance the
quality of life in the community.
Conservation practices and the sub
stitution of renewable water supplies
for non-renewable groundwater will
provide a secure future for all water
users in the active management
areas. Many conservation invest
ments will reduce costs, reduce labor, 
and increase aesthetic amenities for 
water users. Social values, public
health, and environmental quality
considerations must also be 
recognized.

• Water management pcograms should
provide a stable institutional
structure that brings certainty to
water resource issues. Water right
holders must implement long-range
plans. This can only be accomplished
within a structure that provides
regulatory stability. Management
programs must be clear and free of
ambiguity.

F. TUCSON AMA MANAGEMENT GOALS
AND OBJECTIVES

l. Management Goal

The management goal of the Tucson
AMA is to reach safe-yield of the area's
groundwater resources by 2025 or 
earlier. The Groundwater Code defines
safe-yield as "to achieve and thereafter
maintain a long-term balance between
the annual amount of groundwater with
drawn in an active management area
and the annual amount of natural and
artificial groundwater recharge in the
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active management area." (A.R.S. 
§ 45-561.7) It is important to note that
safe-yield does not mean that no
groundwater may be pumped.

The Department has further interpreted 
safe-yield to be the amount of ground
water that can be withdrawn without 
causing long-term aquifer depletions and 
water level declines. This amount is the 
total of natural groundwater recharge, 
net groundwater inf low to Active 
Management Area aquifers, recharge 
incidental to water use, and artificial 
recharge. 

Annual water budgets like those found in 
Chapter 2 of this plan can be used to 
estimate the amount of safe-yield 
withdrawals based on water supply and 
demand in the Active Management 
Area. After water budget estimates 
indicate groundwater withdrawals have 
been reduced to safe-yield levels, 
groundwater levels within the Tucson 
AMA will need to be monitored to 
ensure that safe-yield is maintained. 

The amount of groundwater that can be 
withdrawn and still maintain safe-yield 
will not be a fixed amount; it will vary 
based primarily on annual variations in 
artificial recharge, incidental recharge, 
and natural recharge. If long-term 
water level trends show declining water 
tables, groundwater withdrawals would 
have to be reduced and the safe-yield 
estimate adjusted accordingly. If water 
levels rise beyond the degree expected 
due to variations in natural recharge, 
groundwater withdrawals could be 
increased. These withdrawal adjust
ments could be made at five or ten-year 
intervals to ensure long-term ground
water level stability. 

2. Second Management Period Objectives

The Department's Second Management
Plan water management programs are
designed to meet the Tucson AMA 's
need to achieve the water management



goal of safe-yield by January 1, 2025. 
The Department will attain this goal by 
working toward the following program 
objectives: 

• Set water conservation requirements
which will require additional
reasonable water conservation efforts
by all groundwater users. The
requirements will consider public
acceptance, and economic, technical,
health, and environmental constraints.

• Provide monetary and staff assistance
to implement water conservation in 
all water use sectors. This program
will include training programs,
educational materials, and grants to
assist water conservation efforts.

• Create incentives and regulations to
encourage direct use and recharge of
treated sewage effluent. This
progr�m will be implemented in a
manner that protects water quality
for the highest beneficial use.

• Fund water supply augmentation and
recharge projects designed to increase
the Tucson AMA's dependable water
supplies. These projects may include
research, demonstration, or 
operational projects.

• Inform the public and the Arizona
legislature about water demands,
supplies, and groundwater overdraft in 
the Tucson AMA.

• Suggest the most appropriate
management actions to encourage the
development, exchange, and trans
portation of renewable water supplies.

G. PROGRAM IMPLEMENTATION

The Department uses its authority, 
management principles, goals, and 
objectives to guide program develop
ment. Programs are implemented using 
the following four primary mechanisms: 
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rules, management plans, administrative 
action, and public information/ 
participation. 

1. Rules

Rules are used to supplement and
interpret the procedures and criteria
contained in the Groundwater Code.
Rules provide certainty and clarity to
the management process, and help
define the basic management
framework.

2. Management Plans

The Department's groundwater manage
ment plans are similar to rules in that
they add needed detail to the provisions
of the Code. However, plans are more
flexible and are tailored to meet the
needs and objectives of each Active
Management Area. The plans also
contain conservation requirements
which apply to specific persons rather
than on a general basis.

3. Administrative Action

Administrative action is the
Department's most discretionary water
management tool. The following
activities are examples of
administrative action:

• Developing Memorandums of
Understanding with other water
management agencies to implement
water management programs

• Working with the Arizona legislature
and water users to draft new
legislation

• Collecting, interpretting, and
disseminating water resources data

• Issuing water use permits and water
rights certificates

• Enforcing the provisions of the
Groundwater Code and management
plans
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• Informing the public regarding
Groundwater Code provisions

4. Public Information/Participation

The Department's water management
programs require and encourage public
discussion and comment. Public
education and technical assistance
programs will help water users and
providers meet the Department's
program requirements during the 1990s.
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H. BALANCED APPROACH

The Department's overall principles, 
goals, and objectives provide a balanced 
approach to water management in the 
next decade. Programs will be 
developed in cooperation with the water 
community. With community support, 
the Department can respond to changing 
water issues and needs while main
taining a regulatory program that 
ensures a dependable water supply for 
Arizona's future. 
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A. INTRODUCTION

This chapter describes present and 
future water resources and water 
demands within the Tucson Active 
Management Area (AMA). Because the 
description is generalized, details unique 
to specific geographic areas may not be 
addressed. The analysis indicates that a 
serious groundwater overdraft problem 
exists, and emphasizes the importance 
of continued management. 

The following topics are discussed in the 
order listed: 

• Background Characteristics of the
Tucson AMA

• Inventory and Projection of Water
Resource Conditions

• Water Demands - Trends and
Projections

• Watei: Supplies - Trends and
Projections

• Safe-Yield Concepts

B. BACKGROUND CHARACTERISTICS

OF THE TUCSON AMA 

1. Physical Characteristics

The Tucson AMA covers 4,600 square
miles in southeastern Arizona and
includes both the Upper Santa Cruz and
Avra Valley Sub-basins. The Active
Management Area is within the basin
and range physiographic province -
characterized by broad, gently sloping
alluvial basins separated by north to
northwest trending fault block
mountains.

Precipitation and temperatures through
out the Tucson AMA vary with altitude.
Average annual precipitation ranges
from 11 inches at the lower elevations
to as much as 29 inches in the
surrounding mountains. Rainfall is
seasonal, occurring both in winter
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months from frontal storms and in the 
summer from thunderstorm or 
"monsoon" activity. Average high 
temperatures in Tucson range from 67 
degrees in January, to 103 degrees in 
July. 

2. Demographic Characteristics

Over 96 percent of the region's
population resides within the Upper
Santa Cruz Sub-basin, which includes
the Tucson metropolitan area, Oro
Valley, Nogales, and Green Valley. The
remaining population is centered in the
Avra Valley Sub-basin communities of
Marana, Red Rock, and Arivaca.
According to 1987 Department of
Economic Security estimates and
projections, the 1985 Tucson AMA
population of 634,000 will double by
20 l 0, and grow to 1.7 million by 2025.

A majority of the population in the
Tucson AMA is served by municipal
water systems including Tucson Water
(operated by the City of Tucson),
Metropolitan Water Company, and the
City of Nogales Water Department. The
Active Management Area contains one
irrigation distribution system, operated
by the Cortaro Marana Irrigation
District, which serves over eighty
farms.

The area's economy is based on various
industries including mining, light
manufacturing, construction, tourism,
agriculture, and government. Currently,
these industries depend exclusively upon
groundwater resources.

3. Governmental and Institutional Setting

The Tucson AMA includes portions of
Pima, Santa Cruz, and Pinal Counties.
Incorporated cities and their 1985 popu
lation include Tucson (379,000), South
Tucson (6,700), Nogales (16,000), Oro
Valley (2,900), and Marana (2,100).
Population within unincorporated areas
of the three counties totaled 227,000 in
1985.



Water management activities in the 
Tucson AMA are carried out by a 
number of entities. City, county, and 
regional governmental functions include 
flood control, wastewater management, 
water quality management, planning, 
and zoning. Recent trends in zoning 
regulations and other related activities 
reflect an increasing awareness of water 
use and water quality concerns. 

In addition to the Department of Water 
Resources' (Department or DWR) water 
management efforts, the Department of 
Environmental Quality develops and 
enforces water quality regulations, and 
the Arizona Corporation Commission 
regulates activities of the private water 
companies. Also, the Department of 
Real Estate works with DWR to assure 
availability of water for new 
subdivisions. 

Federal water management activities 
include ·the Bureau of Reclamation's 
efforts in constructing the Central 
Arizona Project (CAP), and the 
Environmental Protection Agency's 
Superfund and National Pollutant 
Discharge Elimination System permit 
programs. In addition, the U.S. 
Geological Survey (USGS) works in 
con junction with the Department in the 
collection and analysis of hydrologic 
data. 

Several user groups, advisory 
committees, and other organizations 
play significant roles in developing 
legislative and policy guidelines, and 
educational programs. The Tohono 
O'odham Indian Nation is also involved 
in water-related issues through the 
process of developing tribal land use 
plans. 

The success of the Department's pro
grams in the Tucson AMA is in large 
part due to widespread public support 
for and involvement in water resource 
issues. 
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4. Groundwater Resources

Groundwater, the major source of supply 
to the Active Management Area, is 
stored primarily in deep basin-fill 
sediments. Small amounts of subsurface 
water occur locally in the thin alluvium 
of stream channels that drain the 
mountains surrounding the area, and in 
the fractured and weathered volcanic, 
granitic, metamorphic, and sedimentary 
rocks comprising the mountains. Some 
of the water found below stream beds is 
subsurface flow and subject to state 
regulation as appropriable surface 
water. 

Within the basin-fill sediments of the 
Upper Santa Cruz Sub-basin north of the 
Pima/Santa Cruz County border, three 
major geologic units, or layers, form a 
single aquifer (Figure 2-A). These units 
are named the Fort Lowell Formation, 
the Tinaja Beds, and the Pantano 
Formation, and reach a depth of 7,000 
feet in some areas. The Fort Lowell 
Formation, where saturated, is typically 
the most productive unit of the aquifer, 
with well yields varying from less than 
l 00 to several thousand gallons per
minute.

Water-bearing units in the Santa Cruz 
County portion of the Tucson AMA 
include the Older Alluvium and the 
Younger Alluvium. The Older Alluvium 
constitutes the bulk of the alluvial 
material, and ranges in thickness from 
just a few feet along the mountain 
fronts to almost 5,000 feet in the north 
portion of the county. The Younger 
Alluvium generally occurs as a rela
tively thin layer on top of the Older 
Alluvium, and is usually less than 100 
feet thick. The Younger Alluvium has 
historically been the primary source of 
water for wells located within the 
county. 
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FIGURE 2-A 

CROSS SECTION OF THE TUCSON BASIN 

TUCSON AMA 

Groundwater movement within the 
Tucson AMA generally follows the 
direction of major surface water 
channels. Recharge to area aquifers 
primarily occurs along mountain fronts 
and washes. Most groundwater 
underflow enters the basin at the 
Mexican border and leaves in the 
vicinity of Picacho Peak. Natural 
recharge components are described in 
Appendix 2. 

Water levels in the Tucson AMA vary 
substantially both with elevation and 
proximity to natural drainage areas. 
Water levels currently range from near 
surface level in the vicinity of some 
streams and washes to over 600 feet in 
areas of intense pumping and low 
natural recharge. Figure 2-B shows 
existing water levels. 

The late 1940s and early 1950s brought 
intense development of the area's 
groundwater sources, primarily to 
support farmland. According to USGS 
estimates, groundwater pumpage in the 
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Tucson AMA increased from 29,000 
acre-feet in 1935, to a peak of 439,000 
acre-feet in 1976. Groundwater 
withdrawals have declined to roughly 
300,000 acre-feet in recent years due to 
a decline in agricultural activity. 

In central and northern portions of the 
Avra Valley Sub-basin, water level 
declines of up to 190 feet have been 
noted for the period 1953 to 1982. 
Water levels in the southern part of the 
sub-basin have been relatively stable 
over the same period. 

Between 1982 and 1986, water level 
declines of up to 20 feet have been 
measured in some Tucson metropolitan 
area wells as a result of increased 
pumping. In the Avra Valley, declines of 
up to 8 feet have been noted. However, 
along the Santa Cruz River, localized 
water level increases of up to 28 feet 
have been measured. These increases 
primarily result from above-normal 
precipitation over the period. Historic 
water level changes in the Tucson AMA 
are illustrated in Figures 2-C and-2-D. 
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FIGURE 2-D 

WATER LEVEL CHANGES IN SELECTED LOCATIONS 

TUCSON AMA 
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Based on 1985 water level conditions, 
the Department estimates that approxi
mately 71 million acre-feet of water are 
stored in Tucson AMA aquifers to a 
depth of 1,200 feet. In comparison, 
groundwater withdrawals for the period 
from l 900 through 1985 totaled about 14 
million acre-feet. However, the entire 
reserve of 71 million acre-feet should 
not be assumed economically recover
able. Also, as this reserve becomes 
further depleted, concerns are raised 
regarding water quality, which generally 
degrades with depth, and land 
subsidence. Depletion of groundwater 
supplies also leads to higher pumping 
costs. 

5. Land Subsidence

Land subsidence and earth fissures, 
which are caused by excessive ground
water depletion, occur in portions of the 
Tucson AMA. The majority of the 
activity has occurred within the Tucson 
metropolitan area and in the northern 
Avra Valley. Structural damage due to 
subsidence has not been detected in the 
Tucson AMA. However, subsidence can 
cause significant damage to buildings, 
canals, sewage systems, roadways and 
well casings. 

Between 1950 and 1980, the USGS 
measured subsidence of up to one-half 
foot in the Tucson metropolitan area 
and one foot in the Avra Valley. The 
USGS is currently measuring subsidence 
at 45 locations in the Tucson AMA using 
a satellite-based system. In addition, 
soil compaction is being monitored at 14 
sites. 

6. Surface Water Resources

Although dry for most of the year, the 
Santa Cruz River is the major surface 
water channel in the Tucson AMA. 
Primary tributaries of the Santa Cruz 
River include Nogales Wash, Potrero 
Creek, Sonoita Creek, Sopori Wash, 
Cienega Creek, Pantano Wash, Tanque 
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Verde Creek, Sabino Creek, Rillito 
Creek, and the Canada Del Oro Wash. 
Except during periods of heavy or 
sustained runoff, most surface water 
flow in the Santa Cruz River infiltrates 
and recharges local aquifers. 

Major stream channels of the Tucson 
AMA flow for short periods after 
rainfall or due to snowmelt. Such flows 
occur less than l O percent of the year. 
With the exception of a few locations 
near the mountain fronts, groundwater 
does not discharge into stream channels 
because the water table is twenty feet 
or more below the stream beds. Before 
development of area groundwater 
resources, the groundwater table was 
above the bed of many stream channels, 
and in some places water flowed 
throughout the year. 

Discharge of treated sewage effluent 
into the normally dry Santa Cruz River 
channel by Pima County and the City of 
Nogales causes the stream to flow below 
discharge points. About 45,000 acre
feet of effluent was released from the 
Pima County treatment facilities in 
1985. The City of Nogales discharged 
approximately 10,000 acre-feet of 
effluent into the Santa Cruz near Rio 
Rico in 1985. Some of this discharged 
effluent is diverted for irrigation uses, 
though most of it recharges local 
aquifers, flows out of the basin, or is 
lost to evaporation. 

The USGS gages stream flow at several 
sites in the Tucson AMA. Recent 
discharge measurements indicate rising 
flow rates primarily due to land 
development and increased effluent 
discharges. Streamf low gaging by the 
USGS has increased recently due to the 
collection of information for use in 
recharge projects. Several new 
permanent sites have been established 
and old sites reestablished. 



C. INVENTORY AND PROJECTION OF
WATER RESOURCE CONDITIONS

1. Water Budgets

The Department uses detailed water
budgets to evaluate the current im
balance between water demands and
renewable supplies and to forecast
progress toward meeting the Tucson
AMA goal of safe-yield. The projections
shown in Tables 2-A and 2-B are two of
numerous water demand and supply
scenarios developed and analyzed by the
Department. Components of the
scenarios are illustrated in Figures 2-E
and 2-F. It is important to note that
many variables and assumptions are used
to calculate each component of the
water budget. The sensitivity of many
of these variables is discussed later in
this chapter.

Water demand and supply conditions in
1985 are used as a "base" in both of the
scenarios. The projections displayed in
Table 2-A assume that base water
demand and supply patterns continue
through 2025. However, these condi
tions have been modified to account for
population increases, a reduction in
irrigated acreage, and the use of 
Central Arizona Project water.

Table 2-B incorporates Second
Management Plan program conservation
and augmentation goals into the
projections. It is important to note that
some conservation and water supply
augmentation goals are not easily
translated into a reduction in ground
water overdraft. Therefore, this
scenario uses approximate conservation
and augmentation goals and is not
intended to suggest limitations on
individual water users or sectors.

2. Groundwater Overdraft

The imbalance between groundwater 
withdrawals and recharge in an Active 
Management Area is referred to as the 
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groundwater overdraft. To achieve the 
goal of safe-yield, overdrafting or 
"mining" of groundwater must be dis
continued. The estimated groundwater 
overdraft in the Tucson AMA has 
declined from the 197 5 to 1979 average 
of 249,000 acre-feet per year to 179,000 
acre-feet in 1985. This reduction is 
largely due to a decrease of land in 
agricultural production, and to a lesser 
extent, decreased copper mining 
activity. Mined groundwater supplied 
approximately 60 percent of the Tucson 
AMA water demand in 1985. 

The implementation of Second 
Management Plan requirements, 
together with the importation of CAP 
supplies and the retirement of non
Indian farmland, is projected to reduce 
the groundwater overdraft to 19,000 
acre-feet in the year 2000, though an 
increase in demand results in an 
overdraft of 90,000 acre-feet in 2025.

Without Second Management Plan 
programs in place, overdraft would 
reach an estimated 65,000 acre-feet in 
the year 2000, and 170,000 acre-feet in 
2025 (Tables 2-A and 2-B). These 
projections assume that CAP water will 
be available at or near contracted 
amounts, and that no significant changes 
in water demand trends wi II occur. 

D. WATER DEMANDS-TRENDS AND
PROJECTIONS

1. Municipal Water Demand

Municipal water demand includes all
water provided by cities, towns, privat2
water companies, and irrigation districts
serving non-irrigation users. Municipal
water demand includes water delivered
to non-residential users such as turf,
commercial/retail and industrial
facilities, as well as for residential
purposes. Per capita water consumption
and population are the two primary
factors that influence municipal
demand.
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TABLE 2-A 

PROJECTED FUTURE CONDITIONS UNDER BASE CONDITIONS 

TUCSON AMA 

1985 1990 1995 2000 2025 

POPULATION 634,000 751,000 865,000 996,000 1,693,000 

IRRIGABLE ACRES 
Irrigation Grandfathered Rights 53,300 45,000 40,000 28,000 21,000 
Tohono 0 1 odham Indian Reservation 1,000 1,000 11,300 11,300 11,300 

WATER DEMAND S (acre-feet) 
Municipa 1 123,000 145,000 167,000 193,000 328,000 
Industrial 57,000 70,000 74,000 78,000 101,000 
Agricultural 122,000 121,000 161,000 144,000 119,000 
Other Demands 5,000 5,000 5,000 5,000 5,000 

Total Demands 307,000 341,000 407,000 420,000 553,000 

WATER SUPPLIES (acre-feet) 

Renewable Groundwater 
Net Natural Recharge 62,000 62,000 62,000 62,000 62,000 
Incidental Recharge 59,000 66,000 79,000 80,000 99,000 

Central Arizona Project 0 0 204,000 206,000 215,000 
Effluent 7,000 7,000 7,000 7,000 7,000 
Other Augmentation 0 0 0 0 0 

Mined Groundwater (Overdraft) 179,000 206,000 55,000 65,000 170,000 

Tota 1 Supp 1 i es 307,000 341,000 407,000 420,000 553,000 

18 



WATER RESOURCES ANALYSIS 

TABLE 2-B 

PROJECTED FUTURE CONDITIONS ASSlJ4ING SECOND MANAGEMENT PLAN CONSERVATION 

TU CSON AMA 

1985 1990 1995 2000 2025 

POPULATION 634,000 751,000 865,000 996,000 1,693,000 

IRRIGABLE ACRES 
Irrigation Grandfathered Rights 53,300 45,000 40,000 28,000 21,000 
Tohono O'odham Indian Reservation 1.000 1,000 11,300 11,300 11,300 

WATER DEMANDS (acre-feet) 
Municipal 123,000 143,000 162,000 181,000 297,000 
Industrial 57,000 69,000 73,000 76,000 98,000 
Agri cultural 122.000 113,000 142,000 120,000 99,000 
Other Demands 5,000 5,000 5,000 5,000 5,000 

Total Demands 307,000 330,000 382,000 382,000 499,000 

WATER SUPPLIES (acre-feet) 

Renewable Groundwater 
Net Natural Recharge 62,000 62,000 62,000 62,000 62,000 
Incidental Recharge 59,000 58,000 59,000 44,000 52,000 

Central Arizona Project 0 0 204,000 206,000 215,000 
Effluent 7,000 10,000 19,000 41,000 70,000 
Other Augmentation 0 0 0 10,000 10,000 

Mined Groundwater (Overdraft) 179,000 200,000 38,000 19,000 90,000 

Total Supplies 307 .ooo 330,000 382,000 382,000 499,000 
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FIGURE 2-E 

WATER DEMAND: BASE CONDITIONS AND PROJECTIONS 

WITH AND WITHOUT SECOND �AGEMENT PLAN CONSERVATION 

DEMAND 

(1000 AF) 

600 

500 

400 

300 

200 

100 

0 
1986 

(Base) 

TUCSON AMA 

2025 

(No SMP) 

20 

2025 

(SMP) 

• OTHER

� IRRIGAT ION 

Im INDUSTRIAL 

� MUNICIPAL 



WATER RESOURCES ANALYSIS 

FIGURE 2-F 

WATER SUPPLY: BASE CONDITIONS AND PROJECTIONS 

WITH AND WITHOUT SECOND MANAGEMENT PROGRAMS 
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Population in the Tucson AMA increased 
by 18 percent between 1980 and 1985 to 
approximately 634,000. The overall per 
capita rate among large water providers 
(those serving 500 or more persons or 
delivering 100 or more acre-feet per 
year) increased slightly from 168 gallons 
per capita per day (GPCD) in l 980 to 
170 GPCD in 1985. If effluent 
deliveries for municipal purposes are 
included, the 1985 rate is 176 GPCD. 

By 2025, the Tucson AMA population is 
projected by the Arizona Department of 
Economic Security to reach almost 1.7 
million. The residential municipal per 
capita water use rate is projected to 
decrease from the 1985 average of 108 
GPCD to 92 GPCD in 2025. The overall 
municipal water use per capita rate, 
which includes both residential and non
residential uses, is expected to decrease 
to 159 GPCD. Municipal demand is 
projected to comprise approximately 60 
percent of the total water demand in 
the Tucson AMA in 2025. 

2. Industrial Water Demand

Industrial demand includes all
groundwater obtained pursuant to non
irrigation grandfathered rights and
withdrawal permits. Industrial use does
not include water served by cities,
towns or private water companies. In
the Tucson AMA, copper mining, turf
related facilities, electric power
generating facilities and sand and gravel
operations currently account for over 80
percent of industrial demand.

a. Metal Mining Sector

Declines in copper prices during the
early and mid-1980s led to a significant
reduction in mining activity. Water
demand by copper mines, which
averaged 57,000 acre-feet per year
between 1975 and 1980, dropped to less
than 23,000 acre-feet in 1 986. In 1987
and 1988, a rebound in copper prices led
to increased productivity at some
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mines. Within the water budget, mining 
demand is projected to level off at 
45,000 acre-feet after 1990. However, 
further fluctuations in copper prices 
may lead to significant variations in 
production levels and related water 
demands. 

b. Other Industries

Water use by non-mining industrial
facilities in the AMA was approximately
21,000 acre-feet in 1985. Recent
increases in demand are related to
increased activities in these industries.
Since l 980, groundwater withdrawal
permits have been issued for construc
tion, sand and gravel extraction, turf
facilities, and a variety of other
industrial uses. Also, Type 2 Non
irrigation Grandfathered Rights are 
becoming more fully utilized.

3. Agricultural Water Demand

a. Non-Indian Irrigation

Following passage of the Groundwater
Code, the Department identified over
53,000 acres of land having Irrigation
Grandfathered Rights in the Tucson
AMA. Between 1983 and I 986, about
6,800 acres of irrigation rights were
either developed or purchased for
conversion to Type l Non-irrigation
Grandfathered Rights. A majority of
the 6,800 acres are in the Avra Valley
Sub-basin and have been purchased by
the City of Tucson.

The percentage of irrigable acreage
farmed has dropped significantly
between the 197 5 to l 980 base period
and 1986. During this time, irrigation
water demand dropped from an average
of 230,000 acre-feet per year to
approximately 115,000 acre-feet. This 
decrease is attributed primarily to 
increased farm subsidies, lower crop
prices, and higher irrigation
efficiencies.



b. Indian Irrigation

Within the San Xavier District of the
Tohono O'odham Reservation, approxi
mately 1,000 acres have been 
historically irrigated. The Tohono
O'odham Nation plans to develop over
8,000 acres for irrigation in the San
Xavier District and another 2,300 acres
in the Schuk Toak District by 1992.
Although these plans may change, Indian
agricultural water usage based on the 
plans is incorporated into the Tucson
AMA projections.

The Nation will obtain the bulk of its
irrigation water through a CAP contract
for 38,000 acre-feet per year. In
addition, the Southern Arizona Water
Rights Settlement Act of 1982
(SAWRSA) grants the Nation 28,000 
acre-feet of reclaimed water per year. 
The reclaimed water granted through
SAWRSA may be substituted with other
water suitable for agricultural use at
the discretion of the Secretary of the
Interior. The Secretary has contracted
with the City of Tucson with the intent 
of fulfilling this obligation.

SAWRSA also provides for the with
drawal of up to 10,000 acre-feet of
groundwater per year. The Nation has
historically withdrawn water for
irrigation of the existing agricultural
acreage and for domestic and stock
purposes. In addition, ASARCO has
historically operated three wells on the
reservation for mining purposes.

Though Indian reservations are not
subject to provisions of the Groundwater
Code or management plans, SA WRSA
requires the Secretary of the Interior
(through the Bureau of Reclamation) to 
develop a water management plan for 
the Schuk Toak and San Xavier
Districts. The water management plan
must have the same effect as water
management plans directed at non
Indian water users.
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c. Projected Agricultural Activity

The Department projects that 32,300
irrigable acres will remain in the Tucson
AMA by 2025. This includes 21,000
acres of Irrigation Grandfathered Rights
in addition to the 11,300 acres on the
Tohono O'odham reservation (Figure
2-G). Under Second Management Plan
conservation requirements, average
irrigation efficiency is expected to
increase from the 1985 level of about 70
percent to 84 percent. Total irrigation
demand, assuming full development of
Indian lands, is expected to be about
99,000 acre-feet in 2025, less than half
of the estimated 1975 to 1980 irrigation
demand.

4. Other Water Demands

Water use from exempt wells, surface
water evaporation, and phreatophyte
evapotranspiration constitute a small
percentage of the Tucson AMA 
demand. The estimated demand of 
5,000 acre-feet in 1985 is expected to
remain constant through 2025.

E. WATER SUPPLIES - TRENDS AND

PROJECTIONS

1. Net Natural Recharge

Net natural recharge is defined as the
naturally occurring additions to
groundwater storage from rainfall
events and groundwater flow into the
basin, less groundwater flow out of the
basin. Department studies estimate the
amount of net natural recharge at
62,000 acre-feet per year in the Tucson
AMA. Natural recharge in the Upper
Santa Cruz Sub-basin is estimated at 
46,000 acre-feet per year. In the A vra 
Valley Sub-basin, about 16,000 acre-feet
of natural recharge occurs annually.
Recharge along mountain fronts is the
primary component of natural recharge
in the regions.
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FIGURE 2-G 

IRRIGABLE ACREAGE PROJECTIONS 
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Incidental recharge, also referred to as
return flow, is the amount of water
pumped or diverted which percolates
back to the water table. In the Tucson
AMA, incidental recharge is largely
dependent on the quantity and
efficiency of water applications to
irrigated land, the level of mining
activity, and the quantity of effluent
discharged into stream channels.
Incidental recharge, estimated at 59,000

acre-feet in 1985, is expected to drop to
approximately 52,000 acre-feet by 2025,
assuming the achievement of Second
Management Plan conservation goals.
This decline will result from improve
ments in agricultural efficiency, a
reduction in irrigated acreage, and
reductions in the amount of effluent
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2000 

-TOHONO
O'ODHAM

�NON-
INDIAN 

2025 

discharged to stream channels due to 
increased use. 

J. Central Arizona Project

The Central Arizona Project (CAP) is
expected to begin delivering water to
the Tucson area by 1992. Subcontracts
for approximately 214,000 acre-feet of
water per year (2034 deliveries) have
been signed, with an additional 25,000
acre-feet pending in unsigned
contracts. Seventy-five percent of the
allocations are designated for municipal
use and the remainder for agricultural
use. Further CAP water could become
available for the Tucson AMA if
amounts associated with unsigned
contracts in other regions are
reallocated.

0 



4. Effluent Use and Direct Recharge

Of the estimated 59,000 acre-feet of
effluent available within the Tucson
AMA in 1985, roughly 7,000 acre-feet
was used directly. About half of the 
effluent used was applied to agricultural
lands, and the remainder was delivered
primarily to golf courses and parks.

Since 1978, the Cortaro Marana 
Irrigation District (CMID) has diverted 
between 1,500 and 3,500 acre-feet of 
effluent annually for delivery to area 
farms. CMID expects its future 
diversions to be within this range. 

In 1984, the first leg of the City of 
Tucson's effluent distribution system 
began delivering post secondary-treated 
effluent from the Roger Road plant to 
golf courses and parks in the Tucson 
metropolitan area. Construction of the 
system continues, and a large number of 
large turf-related facilities and selected 
industrial users will eventually be 
served. 

In addition to the direct use of effluent, 
the City of Tucson is researching the 
feasibility of effluent recharge. A 
demonstration effluent recharge project 
is now operating near Silverbell Park. 
This project has been quite successful, 
and effluent recharge may be considered 
on a more widespread basis. 

The City of Nogales is planning to 
expand its sewage treatment facility 
and is considering the development of 
controlled recharge facilities and the 
direct use of effluent. Approximately 
half of the 10,000 acre-feet of effluent 
processed through the Nogales treat
ment facility in 1985 originated in 
Nogales, Sonora. 

Projections indicate that about 83,000 
acre-feet per year of effluent will be 
available within the Tucson AMA by 
2000. The Department projects that by 
2000, 50 percent of the available 
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effluent will either be used directly or 
artificially recharged. 

5. Other Water Supply Augmentation

The Department, in coordination with
the City of Tucson and Pima County
Flood Control District, is researching
the feasibility of constructing a
groundwater recharge project on the
R illi to River. As current I y designed,
the project will retain a portion of the 
runoff from rainfall events and snow
melt which now flows out of the basin,
and will be used as a demonstration site
for testing recharge options. The
project would also help control floods on
the Rillito River.

Weather modification and watershed
management activities outside of the
Active Management Area may, in the
future, provide additional water to the
Tucson AMA. The diversion and

· recharge of additional water from the
Colorado River and other statewide
water transfers have also been
considered. Water yielded from
augmentation activities would be
transported using the CAP system or
other structures into the area. Water
supply augmentation is discussed more
fully in Chapter 7.

F. SAFE-YIELD CONCEPTS

The safe-yield concept is based on the 
achievement and maintenance of a long
term blance between annual ground
water withdrawals and recharge. The 
difficulties in achieving this goal may be 
illustrated through an evaluation of the 
factors which can be affected by water 
management programs and those beyond 
the control of such programs. These 
factors are discussed below. 
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FIGURE 2-H 

PROJECTED OVERDRAFT ASSUMING SECOND MANAGEMENT PLAN GOALS 
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1. Range of Water Savings under
Alternative Scenarios

Assuming the goals of this plan are met,
the projected overdraft of 90,000 acre
feet in 2025 represents a reduction of
80,000 acre-feet per year from the
overdraft expected under base
conditions. Elimination of the 90,000
acre-feet overdraft by 2025 will require
further demand and supply management
efforts. Projections assuming the
achievement of Second Management
Plan goals are displayed in Figure 2-H.

Table 2-C illustrates the relationship
between conservation and demand
reduction (or a reduction in the
overdraft) in 2025. Since municipal
water demand will comprise a majority
of the demand in 2025, small changes in
municipal use rates will have a
significant impact on overall demand.
On the other hand, water use reductions
in agriculture, while important in
achieving safe-yield, affect demand to a
much lesser degree in 2025 than they do
today.

In evaluating water supplies in the
context of meeting the safe-yield goal,
the full use and/or recharge of effluent
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could eliminate the groundwater over
draft by the year 2000. However, due to 
increasing demands and limited ground
water and CAP supplies, an overdraft of 
47,000 acre-feet would exist by 2025 
under the full effluent use/recharge 
scenario (Figure 2-I). 

2. Outside Factors Influencing Future
Water Demand

Water management programs signifi
cantly enhance the ability to achieve
safe-yield in the Active Management
Areas. However, it should be noted that
control of certain factors, such as
energy costs and demand for goods, are
beyond the scope of such programs.
Economic conditions within major water
use sectors will strongly influence
future water use patterns. For example,
mining use is projected to be 45,000
acre-feet of water per year through
2025. However, mines currently hold
rights to withdraw over 62,000 acre-feet
per year, and could obtain additional
water through withdrawal permits.
Increases in the price of copper could
lead to expanded production and
associated water use.
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TABLE 2-C 

RELATIONSHIP BETWEEN CONSERVATION AND DEMAND REDUCTION - 2025 

TUCSON AMA 

Conservation Activity Water Savings 

Reduce municipal residential water use by 5 GPCD 9,000 AF 

Reduce municipal/industrial (non-residential) use by 5% 12,000 AF 

Increa se agricultural irrigation efficiency by 5% 

Retire 5,000 irrigable acres 

1,000 AF 

14,000 AF 

In the agricultural sector, the projected 
retirement of Irrigation Grandfathered 
Rights could be affected by fluctuations 
in crop prices or changes in urban 
growth patterns. Economics will also 
play an important role in the develop
ment of proposed Indian agricultural 
lands. 

Future municipal and non-mining in
dustrial water uses will also vary due to 
outside factors, but are not as sensitive 
to other influence as water use within 
the mining and agricultural sectors. 
Municipal use, which is expected to 
comprise almost two-thirds of total 
demand in 2025, may be affected by 
fluctuations in population growth 
rates. Non-mining industrial demand 
could increase significantly with the 
development of existing or new 
industrial sectors. New industrial users 
would most likely obtain water through 
unused grandfathered rights or ground
water withdrawal permits. The 53,000 
acre-feet non-mining industrial demand 
projection for 2025 represents less than 
one-half of existing allotments for this 
sector. 
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3. Future Efforts to Meet Safe-Yield

The achievement and maintenance of 
safe yield by and beyond 2025 will

require additional conservation and 
water supply augmentation efforts. 
Continuing evaluation of the water 
conservation potential in each water use 
sector and opportunities for additional 
water imports will dictate the 
appropriate mix of conservation and 
augmentation in future planning periods. 

For further explanation of the 
assumptions used in developing the 
water budgets and concepts presented in 
this chapter, see Appendix 2. 
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A. INTRODUCTION

In order to meet the Tucson Active
Management Area's water needs,
groundwater reserves must not only be
of sufficient quantity, they must also be 
of a quality suitable for the intended. 
uses. Groundwater quality and quantity
are interrelated, and both issues must be 
addressed to effectively manage the
region's water resources. Prote�ting_ 
and managing groundwater quality will
maximize the amount of usable water.

This chapter presents the Groundwater
Quality Assessment and Management
Program for the Tucson AMA for the
second management period. The results
of the assessment completed by the
Department of Water Resources (DWR)
are presented first, followed by the
description of the manage�ent . 
program. The format of this chapter is:

• Introduction

• Overview of Groundwater Quality in
the Tucson AMA - Program Summary

• Statutory Provisions

• Minerals and Chemicals in Water

• Groundwater Quality Assessment

Assessment Goal and Objective 

- Assessment Methodology

- Groundwater Quality By Parameter
in the Tucson AMA 

- Future Data Collection and
Management

- Quality of Other Water Sources
Used in the Tucson AMA 

- Treatment and Mitigation of Water
Quality Problems

• Groundwater Quality Management
Program

- Program Goal, Objectives, and
Management Strategies

- Interrelationships between Water
Quality and Quantity
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- Interagency Cooperation in Water
Quality Management

- Water Quality Management Actions

- Possible Incentives for the Use of 
Poor Quality Water

B. OVERVIEW OF GROUNDWATER
QUALITY IN THE TUCSON AMA -
PROGRAM SUMMARY

With minor exceptions, the Tucson
AMA's only source of drinking water at
the present time is groundwater.
Governmental programs exist at the 
federal state and local levels to protect
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groundwater and to ensure that public
water supply systems deliver water that
is safe to drink. Most of the ground
water reserves in the Tucson AMA meet
all applicable U.S. Environmental
Protection Agency (EPA) and state
drinking water standards and are,
generally, of very good quality.
However, some areas exist where
groundwater fails to meet primary
drinking water standards. Groundwater
withdrawals from public supply wells
located within these areas have been
discontinued in order to protect public
health.

Water which does not meet primary
drinking water standards is prese�t near 
the Tucson Airport, the Hughes Aircraft
Company Facility in Tucson, the C.G.
Conn Facility in northwestern Nogales,
several landfills along the Santa Cruz
River and Pantano Wash, and some lands
which had historically been used for
intensive agriculture in the general
vicinity of Marana, Sahuarita, and Green
Valley. A number of these areas are
under study to prepare for action to
correct the problems. Remedial actions
are currently underway at the Hughes
Aircraft site. Additional detail con
cerning the locations, the types of pol
lutants present, and the areal extent of
the pollution is included in the text and
maps presented later in this chapter.
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The goal of DWR's Groundwater Quality 
Management Program is to manage the 
quality of Arizona's groundwater in 
order to maximize the quantity of water 
available for beneficial use. All of 
DWR's efforts to achieve this goal will 
be coordinated with the Department of 
Environmental Quality (DEQ). Key 
components of the program outlined in 
this chapter include: 

• A commitment by DWR to adopt new
rules to protect and manage
groundwater quality. Rules will be
added during the second management
period in the following program areas:

- Assured Water Supply

- Well Construction and Licensing of 
Well Drillers 

- Well Spacing/Impact Analysis

- Groundwater Withdrawal Permits

- Recharge Project and Underground
Storage and Recovery Project
Permits

• A commitment to update the ground
water quality assessment maps every
three years. In coordination with
DEQ's "Groundwater Monitoring
Strategy," DWR will increase ground
water quality data in known ground
water quality problem areas, and
expand collection efforts to areas
where insufficient data currently
exists.

• A commitment to research potential
incentives for the use of poor quality
groundwater. These incentives may
require statutory changes or may be
implemented through the management
plan's conservation requirements.

C. ST A TUTOR Y PROVISIONS

Both DWR and DEQ have the power to 
regulate water quality. (A.R.S. 
§§ 45-105.A.l and 49-104.A.8) The
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Groundwater Code states: "The Director 
[of DWR] may formulate plans and 
develop programs for the practical and 
economic development, management, 
conservation and use of surface water, 
groundwater and the watersheds in this 
state, including the management of water 
quantity and quality." (A.R.S. 
§ 45 105.A. l) The Code also specifies
that for the second management period,
DWR must include an assessment of
groundwater quality in the Second
Management Plan. (A.R.S. § 45-565.A.6)
This assessment and any proposed
groundwater quality program, and any
water quality considerations in developing
or implementing the plan must be done in
cooperation with DEQ. (A.R.S.
§§ 45-565.A6, 45-573) In addition, if
DWR proposes a program for groundwater 
quality protection, it must be submitted 
to the legislature for any necessary 
enabling legislation or coordination with 
existing programs of DEQ. 
(A.R.S. § 45-565.A.6) 

The Environmental Quality Act of 1986 
(A.R.S. § 49-101 et seq.) established the 
DEQ and created a strong and compre
hensive water quality management 
structure. DEQ holds the primary re
sponsibility for water quality protection 
in Arizona. It implements and enforces 
numerous programs to protect the 
environment and the public health. A 
summary of the Environmental Quality 
Act is continued in Appendix 3-A. 

D. MINERALS AND CHEMICALS IN WATER

Many minerals and chemicals can be 
dissolved or mixed in water. These 
substances may occur in groundwater 
due to natural mineral sources or by 
pollution caused by human activities. 
Not all minerals and chemicals present 
in water are always harmful. Each 
substance may have a different ef feet, 
depending upon the concentration of the 
substance, length of exposure, amount 
ingested, and the proposed use of the 
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water. Although the presence of some 
chemical constituents in water can be 
beneficial, higher concentrations of the 
same constituents may cause unde
sirable health, aesthetic or economic 
effects. Moderate levels of fluoride, for 
example, are known to reduce the inci
dence of tooth decay but high levels 
may cause discoloration and mottling of 
teeth. Water with high fluoride concen
trations, however, may be suitable for 
many industrial and agricultural uses. 
The possible effects of each chemical 
must be evaluated in light of the 
concentrations present and the proposed 
use of the water. 

The water quality parameters addressed 
in this assessment were selected in part 
because, at certain concentrations, they 
can decrease the number of ways in 
which water can be used. Although not 
all of the substances addressed in this 
assessment have been shown to cause 
long-term health effects, they can limit
the number of different ways in which
water can be used. Some of the known 
effects of the parameters included in
the assessment are summarized later in
this chapter.

E. GROUNDWATER QUALITY
ASSESSMENT

l. Assessment Goal and Objective

The goal of DWR's Groundwater Quality
Assessment was to provide the
information base needed to incorporate
water quality considerations into its
management programs. A series of
maps was produced for the Tucson AMA
displaying the presence of selected
organic compounds and inorganic
substances. These maps were created
with information compiled by DWR
personnel from a variety of data sources
and with technical support from DEQ. 

Additional information will be 
periodically collected for updates of the 
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Tucson AMA's water quality conditions 
for long-range water quantity and 
quality planning purposes. These 
include, for example, identifying areas 
in the Active Management Area where 
special well construction or well spacing 
requirements might be necessary to 
protect groundwater from degradation. 
The maps can also be compared to maps 
of land use, projected urban growth, 
wildlife ranges, and many other subjects 
for the purpose of analyzing long-range 
water planning requirements and 
objectives. 

The maps included in this chapter 
summarize the results of DWR 's assess
ment for the Tucson AMA. For specific 
information regarding the Groundwater 
Quality Assessment, or more detailed 
water quality data, inquiries should be 
directed to the Arizona Department of 
Water Resources, Hydrology Division, or 
any Active Management Area office. 

2. Assessment Methodology

a. Parameter Selection

The large number of potential
biological, chemical, and radiological
constituents in groundwater made it
impossible for DWR to address all
possible constituents or contaminants.
DWR, in cooperation with DEQ, selected
six water quality parameters to be
studied. Selection was based not only on
the parameter's effect on water use, but
also on the amount of available data for
that parameter. The criterion of
sufficient available data was included
because of time constraints associated
with the production of this management
plan. The six parameters selected were:
total dissolved solids, sulfate, nitrate,
metals, pesticides, and volatile organic
compounds. Each of these parameters
affects potential water uses in different
ways. For example, water contaminated
by volatile organic compounds may be
unfit for human consumption, but
suitable for some types of agricultural
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irrigation. The section entitled 
"Groundwater Quality by Parameters," 
in this chapter discusses how elevated 
levels of each parameter affect 
domestic, industrial, and agricultural 
water use. 

Parameter concentrations are expressed 
in this report as milligrams per liter 
(mg/I) and micrograms per liter (ug/1). 
One milligram per liter is equal to one 
thousand micrograms per liter. Milli
grams per liter are essentially 
equivalent to parts per million (ppm) at 
concentration !eve Is less than l 0,000 
mg/1. Micrograms per liter are 
essentially equivalent to parts per 
billion (ppb). 

b. Data Sources

Most of  the data used in this assessment
are from published reports and from the
STORET (STOrage and RETrieval) sys
tem maintained by the EPA. STORET
contains groundwater data collected by
several local, state (e.g., DEQ), and
federal agencies. DWR hydrologists also
compiled data from 1980 through 1987
contained in published reports such as
those completed by the Pima
Association of Governments and Tucson
Water. An attempt was made to use
data collected after 1980 for two
reasons: l )  analytical techniques used in 
recent years are the most accurate and
2) recent data are the most represen
tative of current conditions. Older
information was used in some areas for
which no recent data were available.
The volatile organic compounds (VOC)
data came from a variety of sources,
including DEQ.

STORET information was then used to 
confirm published data and fill in data 
gaps. Data from the U.S. Geological 
Survey 's WA TSTORE (WA Ter STOrage 
and REtrieval) database, DWR's GWSI 
system (GroundWater Site Information), 
consultant reports, and other data 
sources were also used for areas where 
STORET data were not available. 
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c. Water Quality Standards Used in this 
Analysis 

Six types of standards were used to 
evaluate groundwater quality in the 
Tucson AMA. An explanation of each of 
these appears in Appendix 3-B. The two 
types of standards most commonly 
discussed are Primary Maximum 
Contaminant Levels ( Pri-MCLS) and 
Secondary Maximum Contaminant 
Levels (SMCLs). Pri-MCLS are enforce
able health-based limits for contami
nants in drinking water and have been 
adopted by DEQ as aquifer water quality 
standards and drinking water standards. 
SMCLs are based on aesthetic conside
rations such as taste and odor and are 
non-enforceable guidelines for 
substances in drinking water. However, 
health implications may exist for these 
substances at very high concentrations. 

3. Groundwater Quality by Parameter in
the Tucson AMA

a. Total Dissolved Solids

Total dissolved solids (TDS) is a measure
of dissolved compounds in water.
Components of TDS include inorganic
substances such as calcium, magnesium,
sodium, sulfate, bicarbonate, chloride,
and silica. TDS is a general indicator of
water quality, but is not usually a final
measure of suitability for a specific
water use. In most areas, the primary
components of TDS are derived
naturally as groundwater dissolves
minerals present in aquifers. TDS
concentrations can also be elevated by
human activities such as agriculture,
mining, and discharges from wastewater
treatment facilities.

l )  Domestic/Municipal Use

An EPA SMCL of 500 mg/I has been 
established for TDS because higher 
concentrations have adverse taste 
effects which may cause consumers 
to use other water sources. High 
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TDS concentrations, resulting in 
scaling and mineral accumulation, 
have also been shown to have an 
adverse economic impact on water 
distribution systems and household 
plumbing and appliances. Water 
having TDS levels higher than 500 
mg/1 may not be palatable or quench 
thirst for those persons unaccus
tomed to the water. However, no 
permanent harmful health effects 
have been observed. Water in 
Arizona is generally higher in TDS 
than water sources in many other 
areas of the country. People in 
many Arizona communities such as 
Yuma, Parker and Gila Bend are 
accustomed to drinking water which 
exceeds 500 mg/I TDS. It should be 
noted that the EPA standard is based 
on nationwide water quality 
characteristics. 

2) lndu�trial Use

The concentration of TDS that limits
water use varies widely among
industries. A few industries require
water so pure that they must treat
almost any source of water to obtain
the necessary quality. The semi
conductor industry is an example.
Other industries, such as sand and
gravel operations, can use water
with very high TDS concentrations.

3) Agricultural Use

The concentration of TDS in water
used for agricultural irrigation in the
Tucson AMA typically ranges from
300 to 900 mg/1. TDS levels greater
than 1,500 mg/I are acceptable if
special irrigation practices are used
or salt resistant crops are grown.
Water having concentrations over
3,000 mg/I is generally unsuitable for
irrigation.

Livestock can tolerate water with
relatively high TDS concentrations.
Levels of over 1 0,000 mg/1 have been
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reported to have few ill effects, 
particularly if a tolerance is 
developed over time. However, 
levels of less than 2,500 mg/I are 
more satisfactory. 

4) Total Dissolved Solids in
Groundwater

TDS concentrations shown in Figure
3-A are generally below the EPA
SMCL of 500 mg/I throughout the
Active Management Area, but rise as
high as 2,500 mg/I in a few areas
west of Green Valley near mining
operations.

In the upper Santa Cruz groundwater 
sub-basin, TDS concentrations are 
generally lowest in portions of 
aquifers underlying undeveloped 
desert. TDS concentrations are 
highest west of the Santa Cruz River 
near Green Valley and north of 
Green Valley in the mining areas. 

Historic trends show that TDS 
concentrations have decreased along 
some segments of stream channels of 
the sub-basin. This decrease can 
probably be explained by the changes 
that occurred in the area before 
1900. Prior to 1900, evaporation 
from the marshy areas that existed 
in this sub-basin probably resulted in 
an accumulation of salts in the 
groundwater. Withdrawal of this 
water, followed by the drying up of 
the marshes and subsequent recharge 
of water containing fewer salts, 
probably resulted in groundwater 
having lower TDS concentrations. 

In the Avra-Altar groundwater sub
basin, TDS concentrations range 
from 200 mg/I in the undeveloped 
desert of the southern portion to 
about 500 mg/I in the northern 
portion. The highest concentrations, 
600 mg/1, occur in the northern 
portion of the sub-basin along 
Brawley Wash. This area has 
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supported agricultural activity for 
many years, although the City of 
Tucson has recently purchased some 
of the farmland and has retired it 
from use. 

b. Sulfate

Sulfate can be a natural inorganic 
constituent of groundwater originating 
from the natural dissolution of minerals 
in aquifers. The most important of 
these minerals, gypsum and anhydrite, 
are present in some parts of the Tucson 
Basin. Elevated concentrations can 
result from the leaching of industrial 
wastes and agricultural fertilizers. High 
sulfate concentrations are often found 
in aquifers underlying current or historic 
agricultural lands, copper mining areas, 
and areas of mineralization. 

l) Domestic/Municipal Use

There are three reasons for limiting
the concentration of sulfate in
drinking water: 1) sulfate can be
tasted, which may cause consumers
to use other water sources, 2) water
containing high levels of sulfate
tends to form hard scales in boilers
and heat exchangers, and 3) high
intake rates can cause laxative
effects. The laxative effect
diminishes over time with continued
use as individuals become accus
tomed to sulfate. Infants appear to
be more sensitive to these effects
than adults; however, adverse
effects have not been associated
with sulfate exposure over a lifetime
at the concentrations commonly
present in water.

The EPA SMCL for sulfate is 250

mg/I. This drinking water limit was
set because of taste considerations.
Some people can detect sulfate at
concentrations of 250 mg/I, yet most
people cannot taste it until concen
trations reach 400 to 500 mg/I.
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2) Industrial Use

Taste considerations associated with
sulfate can limit some industrial
uses, including several food and
beverage processes. Elevated
sulfate concentrations can also lead
to scale formation in evaporative
cooling systems. In addition, the
diverse nature of industrial water
requirements creates specific needs
for different industries.

3) Agricultural Use

High sulfate concentrations in
groundwater do not commonly limit
agricultural water use. Concentra
tions above 600 mg/I may, however,
require special irrigation practices.
A maximum level of 500 mg/I is 
recommended for livestock watering.

4) Sulfate in Groundwater

Figure 3-B indicates that sulfate
concentrations in the Active
Management Area are generally
below the EPA SMCL of 250 mg/I,
but rise as high as 1 ,300 mg/I west of
the Santa Cruz River near the Green
Valley area. In the upper Santa Cruz
groundwater sub-basin, sulfate levels
are lowest in the northeastern
portion in aquifers underlying
undeveloped desert. Sulfate levels
are highest in the Green Valley area
west of the Santa Cruz River, near
areas of mine tailings and natural
mineralization.

Sulfate concentrations underlying
the City of Tucson generally range
from 15 to 50 mg/1. Levels under
lying the Santa Cruz River area near
Tucson are somewhat higher, ranging
from 100 to 250 mg/I. South of
Tucson, levels range from I 00 to 250

mg/I along the Santa Cruz River, and
from 20 to I 00 mg/I in portions of
the aquifers between the river and
the mountain fronts. Sulfate
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concentrations along the Santa Cruz 
River between Green Valley and the 
confluence with Sonoita Creek 
generally range from 100 to 200 
mg/I, although levels rise to about 
1,300 mg/I near copper mines in the 
vicinity of Green Valley. Along the 
southern portions of the Santa Cruz 
River, sulfate concentrations are 
between l O and 65 mg/I. 

In the Avra-Altar groundwater sub
basin, sulfate concentrations are 
lowest in the southern portion in 
aquifers underlying undeveloped 
desert and highest in the northern 
portion of the sub-basin along 
Brawley Wash and the Santa Cruz 
River. Sulfate concentrations range 
from less than l O mg/ I in the 
southern portion of the sub-basin to 
over 250 mg/1 in the northern portion 
near lands historically used for 
agricultural production. 

c. Nitrate

Low concentrations of nitrate in ground
water may originate from natural 
sources such as organic acids. High 
nitrate levels are usually linked to 
industrial sources, sewage treatment 
plants, septic tanks and leach fields, or 
agricultural fertilizers. 

Over the years, nitrate values have been 
reported in two different ways. Older 
laboratory results were reported as mg/I 
of nitrate (N0

3
). Currently, 

laboratories report results as mg/I of 
nitrate (as NO3 or N). All nitrate levels
have been reported as N0

3 
in this 

assessment. 

l )  Domestic/Municipal Use

The EPA Pri-MCL for nitrate (as 
NO3) is 45 mg/I. (Although not used
in this assessment, the EPA Pri-MCL 
for nitrate as N is 10 mg/I.) This 
limit is based on a link between high 
nitrate levels and infant methemo-
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globinemia (blue baby syndrome). 
Adults tolerate higher levels of 
nitrate, although water containing 
more than several hundred 
milligrams per liter can cause 
gastrointestinal irritation. 

2) Industrial Use

High concentrations of nitrate limit
water use by a number of industries,
particularly food and beverage
processors. Nitrates are converted
to nitrite or nitric acid during some
industrial processes. Both of these
nitrogen compounds are more harm
ful to people than nitrate. Because
of these potential conversion
processes, water with nitrate
concentrations greater than 15 to 30
mg/I is generally unacceptable for
use by the food and beverage
industry.

· 3) Agricultural Use

Nitrate stimulates plant growth and 
is regarded as a desirable constituent 
in irrigation water. For this reason, 
treated sewage effluent is often 
sought as a source of irrigation 
water. Nitrogen fertilizer appl ica
tion rates may be reduced or 
eliminated if irrigation water 
contains high nitrate levels. Nitrate 
may be harmful to livestock at levels 
exceeding several thousand 
milligrams per liter. 

4) Nitrate in Groundwater

Figure 3-C shows that nitrate
concentrations in the Tucson AMA
are generally below the EPA Pri
MCL standard of 45 mg/1, but rise as
high as 90 mg/I in areas along the
Santa Cruz River near Green Valley,
Sahuarita, and northwest of
Marana.
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In the Upper Santa Cruz groundwater 
sub-basin, nitrate concentrations are 
lowest in aquifers underlying 
undeveloped desert. Nitrate concen
trations in the groundwater under
lying the City of Tucson generally 
ranges from 5 to 10 mg/I. Nitrate in 
the groundwater underlying the 
Santa Cruz River area is somewhat 
higher, ranging from 20 to 90 mg/I. 
There is a small area of high nitrate 
concentration near the Tucson Air
port that may be associated with 
animal feedlot operations. South of 
Tucson, nitrate concentrations range 
from 2 to 10 mg/I underlying 
portions of the aquifers between the 
river and the mountain fronts. 
Nitrate concentrations in the area 
along the Santa Cruz River between 
Green Valley and the confluence of 
Sonoita Creek are in the range of 20 
mg/l to 90 mg/I. Along the southern 
portions of the Santa Cruz River, 
nitrate concentrations are between 
5 and 35 mg/I. 

In the Avra-Altar groundwater sub
basin, nitrate concentrations are 
lowest in the southern portion, in 
aquifers underlying undeveloped 
desert. Nitrate concentrations are 
highest in the northern portion of the 
sub-basin along Brawley Wash. 
Nitrate concentrations in the 
groundwater of the sub-basin range 
from less than 5 mg/I in the southern 
portion of the sub-basin to about 60 
mg/1 in the northern portion. 
Nitrate concentrations appear to 
decrease with depth in the aquifer. 

d. Metals

The EPA has assigned Pri-MCLs for 
eight metals occurring in drinking 
water: arsenic, barium, cadmium, 
chromium, lead, mercury, selenium, and 
silver. This assessment includes all 
eight metals. High concentrations of 
metals in groundwater are typically 
associated with landfills and industrial 
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wastes. Elevated concentrations of 
some metals, however, may naturally 
occur in some aquifers. 

l) Domestic/Municipal Use

The health effects associated with
exposure to metals in drinking water
are varied and quite complex. Each
metal has its own distinctive effects,
which vary significantly with the
chemical form, exposure time,
amount consumed, and concentra
tions present. Some metals such as
selenium and chromium are known to
be essential to human nutrition or
are beneficial at certain concen
trations. Other metals, such as lead,
have no known beneficial effects on
human or animal development. The
Pri-MCLs for each of the metals
included in this assessment are listed
in Table 3-A. Some of the major
health effects associated with human
exposure to metals are summarized
as follows:

• Arsenic appears to be an essential
dietery trace element, yet expo
sure to excessive concentrations
through ingestion may cause
arsenic to accumulate in the
human body. Chronic exposure to
high concentrations of arsenic may
result in skin cancer or lung
cancer.

• Barium does not appear to be
harmful to humans in small
doses. Although Barium is not
readily absorbed when ingested,
concentrations may cause toxic
effects on the heart, blood vessels
and nervous system. Increased
blood pressure and nerve damage
are associated with acute barium
toxicity.
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Table 3-A 

REPRESENTATIVE WATER QUALITY OF NON-GROUNDWATER SOURCES 

TUCSON AMA 

(concentrations in mg/1) 

Parameter CAP Water 1 Effluent 2
Appl icabl

3 Standard 

TDS 690 582 500* 
Nitrate 1.05 27 45 
Sulfate 297 250* 
Arsenic 0.003 0.006 0.05 
Barium 0.135 1.0 
Cadmium 0.001 0.002 0.01 
Chromium 0.002 0.002 0.05 
Lead 0.005 0.003 0.05 
Mercury 0.0005 0.0002 0.002 
Selenium 0.003 0.01 0.01 
Silver 0.02 0.002 0.05 

1 TDS and sulfate values are projected values for raw Central Arizona Project
{CAP) water delivered to Tucson; other parameters on average values from 
Lake Havasu near Whitsett intake (1985-86). Source: De Cook, K.J. and 
Waterstone, M., 1987, Central Arizona Project Water Quality: An 
Examination of Management Options: University of Arizona Water Resources 
Research Center Issue paper No. 3, lOOp. 

2 Average values of dissolved fractions in effluent from the Roger Road
Wastewater Treatment Facility (1986-1987). Source: Pima County Wastewater 
Management Department Treatment Division, Annual Report Fiscal Year 
1986-1987. 

3 All values except those marked with an asterisk are Primary Maximum
Contaminant Levels. Standards shown for TDS and Sulfate are Secondary 
Maximum Contaminant Levels. 
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• Cadmium: Acute exposure to ex
cessive concentrations of cadmium
may cause nausea, vomiting,
diarrhea, muscular cramps, and
salivation. The critical target
organ of chronic exposure to
cadmium is the kidney. Individuals
deficient in zinc or calcium may
be more susceptible to the toxic
effects of cadmium.

• Chromium occurs in several
molecular forms. Trivalent
chromium is considered to be an
essential dietary trace element for
human health and is relatively
harmless in small concentrations.
Hexavalent chromium, however,
may be carcinogenic in excessive
concentrations when ingested; and
chronic exposure is known to
produce kidney and liver damage
and internal hemorrhage. Long
term exposure to elevated levels
of hexavalent chromium may
affect blood pressure, blood sugar,
and cholesterol levels.

• Lead is not considered to be
beneficial to human health in any
concentration. Chronic exposure
to low concentrations of lead (e.g.,
through a contaminated water
supply) may cause lead to accumu
late in bones and tissues, and to
interfere with the formation of
red blood cells. The central
nervous system is primarily
affected, especially in developing
fetuses and children under six
years of age. Exposure to
excessive concentrations may
cause serious poisoning and
possibly death.

• Mercury occurs in both inorganic
and organic forms. Exposure to
low levels of mercury in the
inorganic form is basically
harmless to humans. Prolonged
ingestion of mercury in the
organic form, however, may result
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in kidney damage, mental health 
deterioration, and other toxic 
effects. 

• Selenium is considered an essential
trace element. However, inges
tion of excessive concentrations of
selenium may be toxic or carcino
genic to humans. Chronic ex
posure to selenium by inhalation or
ingestion can result in central
nervous system damage, gastroin
testinal disturbances, and
dermatitis.

• Silver: Long-term exposure to
excessive concentrations of silver
can cause a permanent blue-gray
discoloration of the skin, mucous
membranes, and the eyes.
Considered a cosmetic condition,
exposure to silver is not known to
be associated with adverse health
affects.

2) Industrial Use

Limitations imposed on industrial
water use by high concentrations of
metals vary considerably by the
contaminant present and the type of
industrial process.

3) Agricultural Use

High concentrations of some metals
may be toxic to plants. Toxic levels
vary considerably, depending on the
contaminant and the type of plant.

4) Metals in Groundwater

Figure 3-D shows we II sites in the
Tucson AMA where metals were
detected in groundwater at concen
trations exceeding allowable limits.
Metals are naturally found in the
groundwater of the Active
Management Area in low levels, but
exceed standards in a few areas. In
general, metal concentrations
exceeding EPA Pri-MCLs are found
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in association with landfills, 
industrial waste disposal sites, 
airports, instrument plating 
facilities, and mining areas. 

Silver, cadmium, chromium, lead, 
and selenium exceed standards in the 
Santa Cruz River sub-basin in 
several areas. High concentrations 
of chromium, selenium, lead, and 
arsenic occur in the vicinity of the 
Tucson Airport and the Hughes 
Aircraft Plant. These areas are 
being investigated as part of the 
EPA Superfund process, or under 
other federal and DEQ programs 
designed to correct groundwater 
pollution. Areas along the Santa 
Cruz River in the northern portion of 
the sub-basin also have a few wells 
that contain groundwater which 
exceed allowable limits for metals. 
These wells may be associated with 
landfills. 

e. Pesticides

Pesticides are most of ten detected in 
groundwater underlying agricultural 
areas. In this assessment, the term 
"pesticides" refers to the myriad of 
chemicals used as insecticides, 
rodenticides, and herbicides. Pesticides 
can be leached by the percolation of 
irrigation water downward to the 
aquifer. Groundwater contamination 
may also occur as a result of disposal in 
landfills. 

l )  Domestic/Municipal Use

Numerous chemical preparations are 
available to control insects, rodents 
and weeds. Each of these substances 
produces its own specific health 
effects, and when present with other 
organic substances may produce 
different or possibly more severe 
effects. The health effects as
sociated with exposure to pesticides 
in drinking water are varied and 
complex, depending on both the 
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pesticide's inert and active ingre
dients and reaction with the 
substances contained in the water. 

2) Industrial Use

The presence of pesticides can
restrict some industrial water uses.
Animal-based industries, for
example, cannot use water with
elevated concentrations of pesticides
because some of these substances
bioaccumulate (accumulate in living
tissue as they pass through the food
chain). Some pesticides are volatile
in nature and may be harmful if
inhaled, further restricting the
industrial use of pesticide-tainted
water.

3) Agricultural Use

Pesticides that are used by the agri
cultural sector are not applied to all
crops at any one time. Some of the
chemicals serve specialized purposes
such as attacking insect larvae or
particular types of weeds that inf est
a particular crop. The bioaccumu
lative nature of some pesticides may
prevent the use of the chemical on
edible crops. The use of water
contaminated with pesticides for
agricultural purposes, therefore, is
not a simple matter. The presence
and concentrations of pesticides
must be evaluated on a case-by-case
basis to determine if the tainted
water should be applied to crops.

4) Pesticides in Groundwater

Locations where pesticides were
detected are shown in Figure 3-D.
Al though over one hundred pesticide
parameters were examined using
STORET and Tucson water records,
pesticides were detected at only two
sites. Pesticide concentrations at
these two sites did not exceed
applicable drinking water stan
dards. However, only limited
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pesticide sampling has been 
performed to date. The pesticides 
evaluated were selected because 
health-based standards have been set 
for them. Pesticide levels in the 
Tucson AMA range from "not 
detected" to less than 1 ug/l. 
Pesticide concentrations above these 
limits may cause deleterious health 
effects. 

In the Santa Cruz River sub-basin, 
pesticides were found in only two 
locations at levels less than reliable 
detection limits. Pesticides were 
not detected in the Avra-Altar sub
basin. However, only minimal 
sampling has been done in this area. 

f. Volatile Organic Compounds

Volatile organic compounds (Voes), such
as trichloroethylene (TCE) and tetra
chlorethylene (PCE), are synthetic
organic chemicals. The thirteen VOCs
listed in Appendix 3-C include the most
common VOCs which have been
detected in Arizona's groundwater.
VOCs are present in, or are used for, the
manufacturing of many substances,
including degreasers, solvents, plastics,
paint, varnish, finish removers,
detergent, medicine, and gasoline.
When found in groundwater, VOCs are 
usually associated with industrial waste
disposal, landfills, and other sites
improperly used for disposal of
chemicals. The voes assessed have
been assigned health-based drinking
water standards.

1) Domestic/Municipal Use

The health effects associated with
voes in drinking water are complex
and vary with the types of
compounds and concentrations
present. Some VOCs are suspected
carcinogens while others have been
associated with damage to internal
organs.
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2) Industrial Use

Potential industrial applications of
water containing voes must be
examined on an individual basis.
voes can be released into the
atmosphere from contaminated
water through a remedial physical
process known as "air stripping." In
addition, some industrial water uses,
such as circulation in cooling towers,
washing of construction aggregate,
or sprinkler application, would
probably release voes into the
atmosphere. In very small concen
trations, voes present in the air do
not constitute a serious threat to the
public health, but elevated concen
trations in the air may be of concern
with such industrial uses. Air quality
standards set by local, state and
federal regulatory agencies restrict
the release of excessive amounts of
Voes into the air.

3) Agricultural Use

The distribution of water through
sprinkler systems for agricultural
irrigation may result in the release
of voes into the air thereby
removing those compounds from the
contaminated water. Any proposal
to use VOC-contaminated water for
agricultural use must be evaluated
on an individual basis. Air quality
standards and the types of crops
grown may restrict the use of water
tainted with VOCs.

4) Volatile Organic Compounds in
Groundwater

Areas where concentrations of VOCs
exceed allowable limits are shown in
Figure 3-D. After this map was
prepared, an additional area of VOC
contamination was discovered near
the Broadway and Pantano Wash
intersection. In the upper Santa
Cruz River groundwater sub-basin,
concentrations of VOCs that exceed
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EPA limits are found in areas along 
the Santa Cruz River, notably in an 
area near the Tucson Airport, near 
the Hughes Aircraft Plant, and in a 
small area northwest of Nogales. 
Detected VOCs include chloroform, 
l ,  1-dichloroethane, 1,2-dichloro
ethane, l ,  1-dichlorethylene,
1,2-dichloroethlyene, methylene
chloride, tetrachloroethylene,
l ,  l ,  I-trichloroethane, and trichloro
ethylene.

Areas within Figure 3-D have been 
shaded to show the approximate 
extent of VOC contamination based 
on representative data at each site. 
Concentrations of VOCs range from 
"not detected" to about 4,000 ug/1 
(4 mg/I). In general, VOCs are not 
found in aquifers underlying 
undeveloped desert, such as the 
southern portions of the sub-basin 
between the Santa Cruz River and 
the mountain fronts. VOC concen
trations are highest in the northern 
portion of the sub-basin along the 
Santa Cruz River due to industrial 
waste disposal activity and a 
concentration of landfills. Areas of 
high VOCs have not been contoured 
on the map. 

voes had not been detected in the 
Avra-Altar groundwater sub-basin as 
of 1987. However, limited sampling 
for voes had been performed in this 
area. 

4. Future Data Collection and Management

DWR will continue to collect data on 
groundwater quality in the Tucson AMA 
in support of water quality management
programs. Data collection will be done
in cooperation with DEQ and local
agencies.

Additional water quality parameters
may be evaluated in the future. Data
collection will be guided by the
information needs of DWR 's water
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management programs. Of particular 
importance will be those areas where 
activities occur that affect groundwater 
quality, such as areas of future urbani
zation, landfills, and industrial land 
use. The objectives of supplemental 
data collection efforts are to monitor 
groundwater quality protection efforts 
and to identify areas of poor quality 
groundwater where special management 
efforts are needed. Supplemental data 
collection efforts to support DWR water 
management programs will begin in 
1990. Data collection efforts will be 
conducted in cooperation with DEQ 
monitoring programs. 

5. Quality of Other Water Sources Used in
the Tucson AMA

Groundwater is the major source of
water in the Tucson AMA, but other
sources exist that may be used directly
or that may influence the quality of
groundwater through deep percolation.
Other sources of water include surface
water, Central Arizona Project (CAP)
water, and treated sewage effluent.
Table 3-A presents representative water
quality data for each source of water.

a. CAP Water

The delivery of CAP water to the
Tucson metropolitan area is scheduled
to begin in 1992. The quality of water
to be delivered to Tucson via the CAP
aqueduct will be similar to the quality
of Colorado River water at Lake Havasu
and Phoenix. Water currently being
delivered to the Phoenix metropolitan
area is characterized by relatively high
levels of total dissolved solids (TDS) and
sulfate. CAP water also contains
elevated levels of bacteria and viruses
which will be corrected through disin
fection prior to municipal distribution.
CAP water quality, as measured at Lake
Havasu, is summarized in Table 3-A.
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b. Surf ace Water

Most streams in the Tucson AMA are 
ephemeral in nature (i.e., flow in the
channel occurs only in response to flood
events or heavy local rains). For this
reason the direct use of surface water is
very limited. Relatively few surface 
water quality data have been collected.
Efforts have been concentrated in 
stream segments, such as the Santa
Cruz River near the Mexican border,
where regular flows occur. The samples
collected generally display low levels of
sulfate, TDS and metals. Surface water
often contains bacteria, parasites, or
viruses, and therefore requires disin
fection prior to human consumption.

Several wastewater treatment facilities
discharge effluent into the Santa Cruz
River. As a result, there are a few 
segments of the River which flow peren
nially, or continuously, due to this
discharge. The quality of the effluent
and effluent-dominated stream
segments is addressed in the following
section.

c. Effluent

Secondary effluent discharged from
municipal wastewater treatment plants
is a significant source of water in the 
Tucson AMA. Although not suitable for
human consumption without advanced
treatment, the effluent generated in the
Tucson AMA consistently meets most of
the drinking water standards addressed
in this assessment. The quality of 
effluent generated by a wastewater
treatment facility is dependent upon the
treatment methods used, the facility's
capacity, and the quantity and quality of
the wastewater entering the facility.
Effluent qualities, therefore, may vary
slightly with respect to time and
location. Secondary effluent is suitable
for a number of uses including turf
irrigation, agricultural irrigation, sand
and gravel washing, and several other
ind us trial applications.

47 

Secondary effluent usually contains 
TDS, nitrate, sulfate, and metals at 
concentrations higher than those present 
in public water supply systems. Volatile 
organic compounds and biological 
constituents, such as bacteria, viruses 
and parasites, may be of concern for 
certain uses with human health implica
tions. Representative effluent quality 
from the major wastewater treatment 
facilities in the Tucson AMA is 
summarized in Table 3-A. 

6. Treatment and Mitigation of Water
Quality Problems

Water quality problems can be
corrected. A wide variety of water
treatment and management techniques
are available to water managers to
improve the quality of water, if
necessary, so that deliveries meet the 
quality requirements of the proposed
use. Public water suppliers are aware of
these techniques and work to ensure
that their deliveries meet primary
drinking water standards.

Many water treatment methods can
improve the quality of water. No single
treatment method is capable of
removing all potential mineral consti
tuents or contaminants which could be
present in water. Some methods may
remove contaminants which are harmful
to health while other methods primarily
improve the water's aesthetic quality.
Some constituents, additionally, cause
beneficial health effects and may be
desirable in water. Appropriate
treatment methods must be selected
based upon an evaluation of several
factors, including: l )  the quality of the
raw water, 2) the quality requirements
of the proposed uses, 3) the capability
and limitations of water treatment
methods, and 4) the financial cost of the
treatment methods. Air stripping, for
example, is used for removing volatile
organic compounds which may be
present in groundwater as a result of
industrial pollution. Disinfection is the
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appropriate treatment method for 
controlling biological contaminants such 
as bacteria and viruses. In some cases, 
a combination of treatment methods 
may be necessary. 

Other types of water management 
techniques may also be applied to affect 
the quality of water withdrawals and 
deliveries. Special well construction 
standards, water blending, and water 
exchanges are examples of management 
techniques commonly used by water 
providers. 

Groundwater contamination is usually 
limited in its vertical extent within 
aquifers. Special well construction 
techniques can often ensure that water 
is withdrawn from aquifer levels at 
which the water meets required quality 
standards. Blending water of different 
qualities is sometimes done to produce 
water which is of an intermediate 
quality but still meets standards. Water 
exchanges may also be made to match 
water quality with appropriate uses. In 
these exchanges, lower quality water 
may be traded to industrial and agri
cultural users for potable water which 
could be distributed for municipal use. 

These are only a few of the water 
quality management techniques avail
able to water managers. The long-term 
availability of a dependable and safe 
water supply requires the efficient use 
of water resources. In order to accom
plish this, water quality and water 
quantity must be conjunctively 
managed. 

F. GROUNDWATER QUALITY
MANAGEMENT PROGRAM

l. Program Goal, Objectives, and
Management Strategies

The goal of the Tucson AMA Ground
water Quality Management Program is 
to manage the quality of the Active
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Management Area's groundwater to 
maximize the quantity of water avail
able for beneficial use consistent with 
the overall goal of safe-yield. The 
program is designed to meet the 
following objectives: 

• Protect groundwater quality to
aquifer water quality standards

• Identify areas of poor quality
groundwater

• Collect groundwater quality data on a
continual basis

• Correct existing groundwater quality
problems

DWR will achieve these objectives by 
implementing the following management 
strategies in coordination with DEQ, 
consistent with A.R.S. § 45-573: 

• Prevent groundwater contamination

• Prevent or minimize the migration of
poor quality groundwater

• Monitor groundwater quality trends

• Encourage the beneficial use of poor
quality groundwater

• In cooperation with DEQ, oversee
remedial actions to correct
groundwater quality contamination

• ·Cooperate with other water quality
management agencies

The program presented in this chapter is 
designed to increase the effectiveness 
of DWR's water management efforts by 
incorporating water quality concerns 
into existing programs. 

2. Interrelationships Between Water
Quality and Quantity

Water quality and quantity issues are
interrelated in a number of ways. The
interrelationships listed below
emphasize the need for comprehensive,
integrated water management programs
that address water quality and quantity
issues.
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• Contamination can decrease the
number of ways in which water can be
used. For example, large areas
historically used for intensive agri
culture are often underlain by non
potable water. Urbanization of
agricultural lands can change the
water quality needs of these areas.
Some poor quality waters may be
suitable for farming but are
unsuitable for municipal uses without
treatment.

• Natural recharge, artificial recharge
and groundwater pumping can affect
the vertical and lateral movement of
poor quality groundwater.

• Improper siting, construction, or
operation of wells or recharge
facilities can cause the migration of 
poor quality groundwater or result in
the withdrawal of water from
contaminated portions of the aquifer.

• Groundwater pollution is often an
incidental by-product of municipal,
industrial or agricultural water use.
Water conservation may, therefore,
serve as a groundwater quality
management device by reducing
incidental groundwater recharge and
the downward movement of
contaminants.

• DWR requires that treated water
from facilities undergoing
remediation (cleanup) of groundwater
contamination in Active Management
Areas be beneficially used. These
uses must be consistent with DE Q's
required treatment levels. In addition
to meeting water quality cleanup
standards, groundwater remediation
activities in the Phoenix, Tucson and
Prescott AMAs must be consistent
with the Active Management Areas'
goal of safe-yield.
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3. Interagency Cooperation in Water
Quality Management

The difference in the scope of water
quality programs administered by DWR

and DEQ is a result of the statutory
mandates of the agencies. DWR 's
primary responsibility is water quantity
in Arizona. DEQ has primary responsi
bility for water quality in Arizona.
Because of the many interrelationships
between water quantity and quality, the
programs developed by each agency
require coordination to achieve their
goals.

The two most significant Arizona
statutes that establish goals for
groundwater protection are the
Groundwater Management Code (Code)
( 1980) and the Environmental Quality
Act (1986). The Code gives DWR broad
authority to develop water quality
protection programs in cooperation with
DEQ. The Environmental Quality Act
gives DEQ detailed authority over
groundwater quality and identifies
specific areas requiring coordination
with DWR, such as DEQ and DWR joint
authority to conduct feasibility studies
and remedial investigations relating to
groundwater quality protection. In
response to the Code, the Environmental
Quality Act, and other legislation
summarized by DEQ in the State of
Arizona Groundwater Protection
Strategy (1989), DWR and DEQ have
implemented a cooperative approach to
groundwater quality protection in
Arizona.

The Code established DWR to
administer its provisions. The purpose
of DWR is to:

l. Focus the responsibility for water
management and administration of
water-related programs within this
state.

2. Stabilize the use of water resources,
particularly groundwater resources,
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in this state according to 
management practices, procedures, 
standards and plans provided for by 
statute. 

3. Compile and maintain information
which is necessary for intelligent
management, administration and
planning for water resources and
programs. (Laws 1980, 4th S.S., Ch.l,
Sec. 171)

The Director of DWR may: 

• Formulate plans and develop programs
for the practical and economical
development, management, conser
vation and use of surface water,
groundwater and the watersheds in
this state, including the management
of water quantity and quality. (A.R.S.
§ 45-105.A.l)

• Collect and investigate information
upon and devise plans for the develop
ment, conservation and utilization of
all waterways, watersheds, surface
water, groundwater and groundwater
basins in this state and of all related
matters and subjects, including but
not limited to water quality
maintenance. (A.R.S. § 45-105.A.3)

• Acquire, hold and dispose of property,
including land, rights-of-way, water
and water rights, as necessary or
convenient for the performance of the 
groundwater and water quality
management functions of the
Department. (A.R.S. § 45-105.A.5)

• Conduct feasibility studies and
remedial investigations relating to
groundwater quality. (A .R .S.
§ 45-105.A.16)

The Environmental Quality Act 
established DEQ to consolidate and 
focus responsibility for environmental 
management efforts for the purpose of 
protecting the public health, welfare 
and the environment. DEQ is designated 
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as the agency for this state for all 
purposes of the Clean Water Act, the 
Resource Conservation and Recovery 
Act, and the Safe Drinking Water Act. 
(A.R.S. § 49-202.A) In addition, DEQ 
has joint authority with DWR to conduct 
feasibility studies and remedial 
investigations relating to groundwater 
quality. (A.R.S. § 49-202.B) DEQ 
promotes, coordinates, and enforces 
water quality protection and enhance
ment efforts, provides for pollution 
abatement and prevention, promotes the 
restoration of degraded water, and 
protects groundwater quality for the 
highest beneficial use. DEQ's mandate 
includes the following major programs: 

• The setting of aquifer and surface
water quality standards

• An aquifer protection permitting
program to prevent degradation of
aquifers, including Best Management
Practices for agricultural activities

• Remedial action programs to restore
degraded aquifers

• A program to prevent pesticide
contamination of groundwater

• Regulation of public water supply
systems

• Statewide water quality monitoring
and development of a water quality
database

Major DEQ programs, including, but not 
limited to, the National Pollutant 
Discharge Elimination System, the 
Nonpoint Source Control program, the 
Aquifer Protection Permit program, and 
the Underground Storage Tank program, 
have been listed and summarized by 
DEQ in the Groundwater Protection 
Strategy. 

To avoid duplication of effort and to 
increase the et fectiveness of each 
agency, DWR and DEQ have entered 



WATER QUALITY ASSESSMENT AND MANAGEMENT PROGRAM 

into an agreement clearly defining the 
management responsibilities of both 
agencies. The agreement, or 
Memorandum of Understanding (MOU), 
formalizes the framework for the 
cooperative management of ground
water quality. The MOU requires 
constant exchange of information and 
ideas to ensure consistency between 
water quality and quantity programs. 
An interagency policy committee and a 
technical committee were established to 
provide forums for coordination of 
agency programs. Key features of the 
MOU include: 

• The creation of a joint program for
the collection and management of
water quality and quantity data

• A commitment to keep each agency
informed of activities affecting the
statutory responsibilities of the other
agency

• The establishment of a process for
delineating agency responsibilities in
remedial action projects

• The coordination of permit reviews

• A commitment to keep the other
agency informed of all water resource
management issues being considered
as the subject of rulemaking. Each
agency will allow the other adequate
time in which to review and comment
on all such issues and associated
documents before filing the proposed
rules with the Secretary of State.

DEQ and DWR administer programs 
which apply throughout the state, but 
local agencies also implement water 
quality programs. In some instances, 
these programs may be more thorough 
or stringent than those at the state 
level. Coordination with local entities 
such as cities, counties, universities, and 
regional councils of government is 
necessary to efficiently disseminate 
information. Interagency cooperation 
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and coordination is vi ta! to create 
cohesive water management programs 
which minimize data gaps and 
duplicative efforts. DWR is committed 
to cooperating with local entities. 

4. Water Quality Management Actions

The following sections outline key areas
of DWR's proposed water quality
management program. In accordance
with A.R.S. § 45-565.A.6, if DWR
proposes a water quality program, the
program must be submitted to the
legislature for any necessary enabling
legislation or coordination with existing
programs of DEQ. Most of DWR's
proposed water quality program consists
of rule changes which do not require
enabling legislation. Any proposed rules
affecting water quality will be coordi
nated with DEQ. Another aspect of the
program, conditions on permits for
recharge projects and underground
storage and recovery projects, already
has statutory authorization. However,
implementation of any future incentives
to encourage use of poor quality water
may require DWR to seek legislative
amendments. DWR will seek full
coordination with DEQ in developing and
implementing its groundwater quality
management program. (A.R.S. § 45-573)

DWR intends to adopt new or additional
rules in five program areas:

• Assured Water Supply

• Well Construction Requirements
and Licensing of Well Drillers

• Well Spacing/Impact Analysis

• Groundwater Withdrawal Permits

• Recharge Projects and Underground
Storage and Recovery Projects

DWR also intends to research potential 
incentives for poor quality water use for 
implementation during the second 
management period. These incentives 
may be implemented with statutory or 
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rule changes. The following sections 
describe each of the intended changes. 
DWR will attempt to follow this 
proposed program as closely as 
possible. However, some aspects of the 
proposed program may be altered to 
achieve the water management goals of 
the Tucson AMA. The proposed program 
and any proposed changes will be 
coordinated with DEQ. 

a. Definitions

In this chapter, unless the context
indicates otherwise:

l) "Poor quality groundwater" means
groundwater which the Director of
DWR, in consultation with DEQ,
determines to have limited current
or potential beneficial uses due to
chemical, biological, or radiological
characteristics and costs associated
with its use.

2) "Adverse impact from migration of
poor quality groundwaters" means
the entry of poor quality ground
water into an existing well, another
aquifer, part of the same aquifer
which does not contain poor quality
groundwater, or any surface water,
in amounts or concentrations such
that the current or future usability
of the affected water is or will be 
impaired.

b. Assured Water Supply Program

The Groundwater Code includes a
provision which, in cooperation with the
Department of Real Estate, prohibits
the sale or lease of subdivided or
unsubdivided lands inside the Active
Management Areas if an assured water
supply cannot be demonstrated. (A.R.S.
§ 45-576.A) An assured water supply is
the presence of sufficient water of
adequate quality to continuously satisfy
the needs of the proposed use for at
least 100 years. The projected water
use must be consistent with the
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management plan and achievement of 
the Active Management Area's 
management goal, and financial 
capability must be demonstrated to 
construct the delivery system and any 
necessary treatment works. (A.R.S. 
§ 45-576.L)

Those proposing to se II or lease 
subdivided or unsubdivided lands must 
obtain a Certificate of Assured Water 
Supply from DWR prior to submitting 
the plat for approval unless the property 
is located within an area previously 
designated by DWR as having an assured 
water supply. 

1) Current Guidelines

Under the criteria now used to
determine an assured water supply,
DWR's review of water quality is
limited to the prospective water
provider's compliance with state
primary drinking water standards.

Instructions now given to applicants
for Certificates of Assured Water
Supply indicate that effluent may be
considered as a source of water as
long as the application includes plans
for its collection, treatment, and
delivery. DWR encourages appro
priate uses of effluent and poor
quality groundwater that are consis
tent with DEQ's regulations (e.g.,
Waste Water Reuse Permit
Program).

2) Planned Rules

a) Applicants for Certificates of
Assured Water Supply will be
required to identify areas of poor
quality groundwater within or
adjacent to the area under
consideration.

b) Applicants may be required to
assess the possibility of adverse
impacts from the migration of
poor quality water. Water use
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associated with the issuance of a 
Certificate of Assured Water 
Supply must not cause significant 
adverse impacts from the 
migration of poor quality water. 

c) Applicants may, at the direction
of the Director of DWR, be
required to address the present
and future availability of poor
quality groundwater and effluent,
and describe any plans to put
such waters to beneficial use.

c. Well Construction Requirements
and Licensing of Well Drillers

If not constructed, sealed or abandoned
properly, wells can act as conduits for
contaminant flow. Poor quality water
and pollutants can flow from the surface
to an aquifer, or from one aquifer to
another. In addition to posing a
potential threat to water users,
improperly constructed wells can result
in groundwater quality degradation.

DWR's minimum well construction
requirements are designed to minimize
the potential for contaminant flow
created when wells are constructed or 
abandoned. The standards not only
protect the environment, they also
protect public health by lessening the
likelihood of inadvertent withdrawals of
poor quality water from new wells.

l )  Current Rules

a) Well Construction Requirements

The well construction rules set
forth in DWR's Administrative
Rules and Regulations are
summarized below.

• Minimum well construction
requirements prevent entry of
fluids at and near the surface
and minimize the possibilities
of migration and inadvertent
withdrawal of poor quality

.53 

groundwater. These require
ments also prohibit the use of 
hazardous materials in the 
construction of wells. 

• Well abandonment require
ments minimize the potential
for entry and migration of
pollutants and poor quality
waters.

• Disposal site restriction pre
vents the use of wells as disposal
sites for any material which may
pollute groundwater.

• Minimum distances to potential
sources of pollutants reduce
the potential for contamination
of groundwater by surface
pollutants and leachates.

• Special standards may be re
quired by DWR if the minimum
well construction requirements
do not adequately protect the
aquifer or other water users.

• Open wells must be capped
with a water-tight steel plate.

b) Licensing of Well Drillers

Construction, modification, aban
donment or repair of all wells in
Arizona must be performed by a
driller licensed by DWR. The
licensing procedure includes the
administration of several written
examinations to test the
applicant's knowledge of state
regulations, hydrologic concepts,
and well construction principles
and practices.

2) Planned Rules

a) DWR will develop and impose
more stringent we 11 construction
requirements to prevent and
mitigate groundwater contamina
tion. When necessary, specific
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well construction standards will 
be developed for areas of poor 
quality water to minimize 
adverse impacts. 

b) DWR will develop and furnish
educational materials on water
quality and groundwater quality
protection to all applicants for 
well driller's licenses. An 
examination on these subjects
will be required of all applicants
as part of the licensing
procedure.

d. Well Spacing/Impact Analysis

1) Current G uidelines

Studies to evaluate the impacts on 
existing wells are required for
proposed new non-exempt wells and 
replacement non-exempt wells
loca_ted in the Active Management
Areas. (See Appendix 1 for
definition of non-exempt wells).
DWR conducts the impact studies for
wells with a maximum discharge rate 
of 500 gallons per minute (gpm) or 
less. For wells with a maximum
discharge rate exceeding 500 gpm,
the permit applicant must submit a
hydrological study of projected
water level declines due to the
operation of the proposed well. The
study must also assess adverse
impacts from the migration of poor
quality water. The well permit
application may be rejected if DWR
determines that the proposed well
would cause unreasonable and
adverse impact on surrounding wells,
additional regional land subsidence,
or migration of poor quality water.

2) Planned Rules

a) For wells with a pumping
capacity greater than 500 gpm,
applicants will be required to 
submit an evaluation of the well's
effect on the migration of poor
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quality water or the withdrawal 
of poor quality water within the 
proposed well's radius of 
influence. 

b) DWR will evaluate the hydrologic
study described above and may
issue a well drilling permit if the
new well's impact on water
quality is consistent with the
management plan, and will not
cause unreasonable damage to
surrounding land or water users,
or adverse impacts from the
migration of poor quality water.

c) A permit, if issued, may stipulate
water quality and water level
monitoring, well construction
standards, collection of data on
the rate and time of pumping,
and the length of time for which
the permit is valid.

e. Groundwater Withdrawal Permits

1) Current Statutes

The Groundwater Code describes
seven types of groundwater
withdrawal permits available from
DWR, and lists the criteria and
conditions for the issuance of each.
(A.R.S. § 45-512) The seven types of
permits are: 

• Dewatering

• Mineral Extraction and
Metallurgical Processing

• General Industrial Use

• Poor Quality Groundwater

• Temporary Permits (for
dewatering and electrical
energy generation)

• Drainage

• Hydrologic Testing



WATER QUALITY ASSESSMENT AND MA NAGEMENT PROGRAM 

DWR administers permits in 
accordance with statutory mandate. 
(A.R.S. § 45-512, et seq.) Rules do 
not currently exist for issuing 
withdrawal permits. 

Water quality considerations are 
most extensive under the poor 
quality groundwater withdrawal 
permit process. DWR may issue such 
a permit if the water withdrawn has 
no other beneficial use at the 
present time, and the withdrawal is 
consistent with the management 
plan. (A.R.S. § 45-516.A) DWR can 
impose conditions of operation and 
monitoring on this type of permit 
and has done so in the past. 

Water quality considerations for 
general industrial use and mineral 
extraction and metallurgical proces
sing permits allow the DWR to 
require the use of surface water or 
effluent of adequate quality if the 
cost of such water does not exceed 
the cost of groundwater by 25

percent. (A.R.S. §§ 45-514.3 and 
45-515.2) Temporary dewatering
permits must be consistent with the 
management plan and must not cause 
harm to other groundwater users. 
(A.R.S. § 45-518) Hydrologic testing
permits must not cause harm to 
other users. (A.R.S. § 45-519.01)

2) Planned Rules

DWR plans to adopt rules regulating
applications for all withdrawal
permits. The rules will establish
when a permit is consistent with the
management plan, and when a permit
will lead to adverse impacts from
the migration of poor quality
water. Consistency with the
management plan, for the purposes 
of this discussion, is defined as being
consistent with the goals, objectives,
and strategies set forth in this
chapter. In addition, permit issuance
will be coordinated with DEQ to 
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ensure consistency with the provi
sions of the Environmental Quality 
Act. 

All applicants for a permit to with
draw groundwater at a rate of more 
than 500 gpm are required to submit 
a hydrologic study to DWR. The 
study must address the proposed 
withdrawal's consistency with the 
management plan, possible adverse 
impacts, and any other information 
the Director of DWR may require for 
each type of withdrawal permit. 
Applicants should contact DWR for 
assistance in study design prior to its 
commencement. 

DWR will evaluate the study and 
may issue the permit, require 
additional analysis and information, 
or stipulate conditions for operations 
and monitoring. 

a) Poor Quality Groundwater
Withdrawal Permits

Appropriate uses of poor quality
groundwater conserve the existing
supply of po tab le groundwater. Poor
quality groundwater withdrawal per
mits are designed to allow the with
drawal of water which, because of
its quality, has no other beneficial
use at the present time. Proposed
withdrawals of groundwater
associated with a poor quality
groundwater withdrawal permit must
be consistent with the goals of the
management plan and are subject to
review and permit issuance by DEQ.

To increase appropriate uses of poor
quality groundwater during the second
management period, DWR will con
tinue to assess the feasibility of poor
quality water use within the Active
Management Area. DWR 's ground
water quality monitoring program,
discussed later in this chapter, will
help determine the location, size,
shape, and quality of known bodies of
poor quality groundwater.
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b) Dewatering Permits

Applicants for dewatering permits
will be required to submit a
hydrologic study when the proposed
withdrawal rate is greater than 500

gpm or the withdrawal period will
exceed 60 days. The study must
demonstrate the withdrawal is
consistent with the management plan
and will not cause significant
adverse impacts from the migration
of poor quality water. Plans to
mitigate any adverse impacts must
also be included in the study.

DWR will evaluate the study and
may issue the permit, deny the
permit, require additional data and
analysis, and set conditions on the
permit if issued. Conditions may be
set on the pumping rate, pumping
periods and duration, life of the
perrnit, monitoring, and remedial or 
mitigation efforts to avoid adverse
impacts from the migration of poor
quality groundwater.

f. Recharge Projects and Underground
Storage and Recovery Projects

l )  Current Guidelines

Recharge projects and underground 
storage and recovery projects are 
effective water management tools. 
These projects, however, may have 
significant water quality impacts 
which must be evaluated before 
implementation. 

Builders of recharge projects and 
underground storage and recovery 
projects must obtain permits from 
both DWR and DEQ prior to con
struction. DWR may deny a permit 
if a project causes unreasonable 
harm to land or other water users 
within the project's area of 
hydrologic impact. (A.R.S. 
§§ 45-652.B.5 and 45-804.B.4) In 
order to receive a DEQ aquifer 
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protection permit, builders of both 
types of projects must complete a 
comprehensive evaluation of 
potential water quality impacts and 
meet aquifer production standards. 
A more detailed discussion of DWR's 
siting criteria for recharge projects 
and underground storage and 
recovery projects is included in 
Chapter 7, the Augmentation and 
Reuse Program. 

2) Planned Rules

DWR will adopt rules for recharge
projects and underground storage and
recovery projects. Rules which have
direct water quality implications are
discussed below:

a) Categorical Exclusions

Certain activities that result in
recharge which is clearly incidental
to their primary function will not be
permitted as recharge projects or
underground storage and recovery
projects. These activities include
septic tank systems, source water
treatment works, dry wells con
structed solely to meet flood control
ordinances, mine tailings ponds,
agricultural practices including
unlined irrigation delivery systems,
sand and gravel operations, and lakes
(unless the lake is clearly operated
and designed to maximize recharge
efficiency). These excluded
facilities, however, may be subject
to DEQ's discharge control require
ments (best available demonstrated
control technology).

b) Area of Hydrologic Impact

DWR has developed a method to
determine a project's area of
hydrologic impact. Any potential
water quantity and water quality
impacts are assessed by DWR and
DEQ hydrologists to determine
whether "unreasonable harm to land
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or other water users" will occur. 
(A.R.S. §§ 45-652.B.5 and 
45-804.B.4)

g. Groundwater Quality Monitoring and
Assessment

An objective of DWR's groundwater
quality monitoring program is to identi
fy areas of poor quality groundwater
where special management efforts are 
needed. DWR will continue its ongoing
groundwater quality data collection
program. Supplemental data collection
efforts, which will begin in 1 990, will
focus on the following areas:

• Regions for which limited information
is available

• Areas of projected urbanization

• Areas around landfills and industrial
facilities that may affect
groundwater quality

• Areas of intensive agriculture

• Additional water quality parameters

Data collection will be done in 
cooperation with DEQ and local water 
quality planning entities. Results of any 
groundwater sampling shall be submitted 
to DEQ for inclusion in a statewide 
database. (A.R.S. § 49-225.B) Every 
three years, DWR will update the 
groundwater quality assessment and 
water quality maps for each Active 
Management Area. As more data 
become available, DWR 's assessment 
and maps will include information on the 
vertical extent of contamination in the 
aquifer. 

5. Possible Incentives for the Use of Poor
Quality Water

During the second management period,
DWR will research the possibility of
offering incentives to encourage the
withdrawal and use of poor quality
groundwater. An incentive program
could have significant merit, but
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assurances of success and predictability 
of results must exist prior to 
implementation. The potential effects 
of these incentives are complex and 
should be well understood to avoid 
adverse impacts. 

The cost of remedial actions to correct 
and mitigate groundwater quality 
problems can be enormous. Taxpayers 
often carry the bulk of the financial 
burden for studying, planning, and 
implementing remedial actions through 
federal, state and local funding. An 
increasing share of the cost for remedial 
actions is being assumed by those 
parties determined to be responsible for 
the contamination. However, in some 
situations, poor quality groundwater can 
be put to beneficial use without any 
detrimental effects. Some water 
treatment prior to use may be necessary 
but, in many instances, water can be 
used directly without treatment. 

The appropriate use of poor quality 
groundwater can perform two important 
water management functions 
simultaneously. By promoting the use of 
poor quality groundwater in agriculture 
and industries, existing potable supplies 
can be reserved for municipal use. The 
withdrawal and use of poor quality 
groundwater can also serve to cleanup 
groundwater contamination sites. This 
single management strategy preserves 
the maximum amount of groundwater 
for the highest beneficial use and 
corrects or mitigates existing 
groundwater qua! ity problems. 

DWR's poor quality groundwater with
drawal permits are the institutional 
mechanism by which water users and 
providers can withdraw poor quality 
groundwater. DWR may provide 
incentives in order to encourage the 
preferential use of poor quality 
groundwater in lieu of potable 
groundwater. Regulatory and economic 
incentives will be considered, in addition 
to providing technical assistance to 
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those entities interested in utilizing 
poor quality water. Implementation of 
any proposed incentives may require 
DWR to seek legislative amendments. 

Before approving poor quality ground
water withdrawal permits or granting 
incentives, DWR will ensure that 
proposed uses of poor quality ground
water have no significant health or 
environmental side-effects. Because 
environmental and public health issues 
are involved, approval of all such 
proposals by DEQ is also necessary. 
Decisions on whether water should be 
withdrawn or left in storage require an 
analysis of the intended water use, the 
location of use, the quantity of water 
and its quality. 
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Encouraging the beneficial use of poor 
quality groundwater will create the 
opportunity for voluntary participation 
in remedial actions that mitigate or 
avoid adverse impacts from migration of 
poor quality waters. This policy, 
however, would not exonerate or 
exclude any person or potentially 
responsible party from remedial action 
provisions or requirements under the 
Arizona Environmental Quality Act, the 
Comprehensive Environmental Response 
Compensation and Liability Act, the 
Safe Drinking Water Act, the Clean 
Water Act, or any other provision or law 
to which they may be subject. Any 
responsible party identified by DEQ 
shall not receive any incentives offered 
as part of this program. 
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A. INTRODUCTION

Agricultural water conservation is 
extremely important to the Tucson 
Active Management Area. The benefits 
of agricultural water conservation are 
not restricted to individual farms. 
Reductions in groundwater withdrawals 
will eventually stabilize water level 
decline rates and reduce the need to 
deepen wells. In addition, water 
supplies for future urban development 
will be more secure. 

This chapter presents the agricultural 
water conservation program for the 
Tucson AMA. The following topics are 
discussed in the order listed: 

• Program Summary

• Statutory Provisions

• Agricultural Water Use in
the Tucson AMA

• Components of the Agricultural
Conservation Program

• Agricultural Conservation
Requirements

B. PROGRAM SUMMARY

The Department of Water Resources 
(Department) has determined through 
extensive research and analysis that with 
a properly installed and managed irriga
tion system, it is feasible for farms to 
attain an 85 percent irrigation system 
efficiency for all areas of similar farming 
conditions in the Tucson AMA. This is 
equivalent to the efficiency expected 
from a level basin irrigation system using 
good irrigation water management 
practices. Separate consideration was 
given to established orchard crops in 
recognition of the physical restrictions 
imposed by mature trees. Pecan orchard 
farms were assigned a 75 percent 
efficiency, provided a higher efficiency 
was not assigned to the irrigation right in 
the first management period. 
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The Department also addressed the 
problem of poor soil conditions which 
can limit the effectiveness of level 
basin irrigation. Farms with proven soil 
problems will be addressed through the 
administrative review process and are 
expected to achieve a minimum 
efficiency of 75 percent. 

The average water duty, based on all 
irrigation rights in the Tucson AMA, will 
be reduced from 5.0 acre-feet per acre 
in 1988 to 4.3 acre-feet per acre in 
2000. The total annual groundwater 
allotment will be reduced from 242,000 
acre-feet to 207,000 acre-feet, or about 
15 percent. 

Although farmers can maximize benefits 
received from the use of available water 
by improving irrigation systems, the 
Department does not require them to do 
so in order to meet the conservation 
goals set in the Second Management 
Plan. Farmers are required, however, to 
manage irrigation water in a manner 
that allows them to stay within their 
allotment. Alternatives available to 
farmers for maximizing benefits within 
assigned allotments include growing 
crops that require less water, planting 
fewer acres, increasing irrigation water 
management practices, or managing the 
farm's flexibility account. 

For each irrigation district or private 
water company delivering irrigation 
water, the conservation requirements 
specify that by 2000, all canals must be 
lined or, alternatively, the distribution 
system must be operated so that the 
total quantity of lost and unaccounted 
for water is 10 percent or less of the 
total quantity of water withdrawn, 
diverted or received by the irrigation 
district or private water company. 



C. ST A TUTOR Y PROVISIONS

The Groundwater Code limits agricul
tural irrigation uses of water in Active 
Management Areas by prohibiting the 
development of new irrigated acreage, 
requiring compliance with irrigation 
water duties and maximum annual 
groundwater allotments, and requiring 
the Director to establish delivery 
system conservation requirements for 
entities that distribute groundwater. 

Only acres of land which were legally 
irrigated at any time from January 1, 
197 5 through January 1, 1980, which are 
capable of being irrigated, and which 
have not been retired from irrigation for 
a non-irrigation use were issued a 
Certificate of Irrigation Grandfathered 
Right by the Department. Each 
certificate describes the certified 
"irrigation acres." Only these acres may 
be irrigated with groundwater. (A.R.S. 
§ 45-452.A)

The Code makes four exceptions to the 
prohibition of new irrigated lands: 

• New acreage may be substituted for
existing acreage to facilitate the
delivery and use of Central Arizona
Project water. (A.R.S. § 45-452.B)

• State universities may irrigate new
acreage not to exceed a total of 320
acres of land. (A.R.S. § 45-452.H)

• Existing acreage damaged by flood
water may be replaced with new
acreage. (A.R.S. § 45-465.01)

• Existing farms that are irregular in
shape may consolidate the acreage by
substituting new acres in order to
improve irrigation efficiency.
(A.R.S. § 45-465.02)

During the first management period, 
each person who had a Certificate of 
Irrigation Grandfathered Right was 
issued an irrigation water duty and a 
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maximum annual groundwater allotment 
for the farm. The irrigation water duty 
was calculated as the quantity of water 
per acre reasonably required to irrigate 
the crops historically grown on the farm 
unit. The maximum annual groundwater 
allotment was calculated by multiplying 
the irrigation water duty by the water 
duty acres. These acres are the highest 
number of acres in the farm legally 
irrigated during any one year in the five 
years preceding January I, 1980. 

In the Tucson AMA, a farm or farm unit 
is usually the irrigation acres described 
on a Certificate of Irrigation 
Grandfathered Right. The maximum 
annual groundwater allotment may be 
used to irrigate all or a portion of the 
irrigation acres. 

The Code directs the Department to 
establish a new irrigation water duty for 
the second management period which 
complies with the following provisions: 

"Establish a new irrigation water 
duty for each farm unit to be 
reached by the end of the second 
management period and may estab
lish one or more intermediate water 
duties to be reached at specified 
intervals during the second 
management period. The irrigation 
water duty and any intermediate 
water duties shall be calculated as 
the quantity of water reasonably 
required to irrigate the crops 
historically grown in the farm unit 
and shall assume the maximum 
conservation consistent with prudent 
long-term farm management 
practices within areas of similar 
farming conditions, considering the 
time required to amortize conser
vation investments and financing 
costs." (A.R.S. § 45-565.A.l) 

Calculation of irrigation water duties 
and maximum annual groundwater 
allotments are discussed in Section E of 
this chapter. 
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D. AGRICULTURA L WATER USE IN THE
TUCSON AMA

1. Non-Indian Agricultural Water Use

When the Tucson AMA First Manage
ment Plan was published in December of
1984, the Department had issued 502

Certificates of Irrigation Grandfathered
rights for farms larger than two acres
within the Tucson AMA. These
certificates permitted the irrigation of
over 53,000 acres. Due to right holder
conveyances and owner transfers, which
sometimes split a farm unit into two or
more smaller parcels, the total number
of issued certificates had increased to
513 by December of 1989.

The acreage permitted for agricultural
irrigation has remained relatively
constant, although much farmland is out
of production. The City of Tucson has
purchas�d 16,307 irrigation acres of
farmland in Avra Valley to secure water
rights for future municipal use. Prior to
1980, 10,047 acres of this land was
retired from agricultural use. The
remaining 6,260 acres currently have
irrigation rights, but conversion to Type
l non-irrigation rights is expected.
Figure 4-A shows the irrigated acreage
associated with irrigation grandfathered
rights within the areas of similar
farming conditions in the Tucson AMA.

Farm size in the Tucson AMA ranges 
from two acres to over 4,000 acres and 
averages 102 acres. Figures 4-B and 
4-C show the farm unit size distribution 
by number of farm units and by 
percentage of total irrigation acreage. 

Based on annual reports of measured 
water use in the Tucson AMA, the 
approximate total non-Indian irrigation 
water use in 1984 was 124,000 acre
feet; in 1985, 119,000 acre-feet; in 
1986, 115,000 acre-feet; in 1987, 
119,000 acre-feet; and in l 988, l l l ,000 
acre-feet. These amounts compare to 
the estimated 230,000 acre-feet which 
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was the average amount withdrawn 
annually during the historical period, 
197 5 through 1979, and the 290,000 
acre-feet allotted annually for the first 
management period. 

Virtually all of the agricultural 
irrigation water used in the Tucson AMA 

is groundwater. Much of the water is 
pumped from private wells. A sub
stantial quantity of water is delivered to 
farms by the Cortaro-Marana Irrigation 
District. Some irrigation rights are 
served by municipal and private water 
companies. Several farms utilize 
municipal effluent to supplement 
irrigation water. 

There are three irrigation districts in 
the Tucson AMA: Cortaro-Marana, 
Avra Valley, and Flowing Wells. 
Cortaro-Marana Irrigation District 
(CMID), the only irrigation district in 
the Tucson AMA distributing water 
primarily to agricultural land, provides 
water to about 12,000 irrigation acres in 
the Avra Valley sub-basin. The CMID 
distribution system of canals and ditches 
is concrete lined and has minimal see
page losses. The total water allotment 
to these irrigation rights is approxi
mately 54,000 acre feet. CMID 
supplements irrigation water deliveries 
with municipal effluent and recovers 
irrigation water runoff for redistri
bution. The Avra Valley Irrigation 
District was initially formed to obtain 
Central Arizona Project (CAP) water, 
but did not sign a contract. Flowing 
Wells Irrigation District is primarily a 
municipal water provider and, as of 
1989, served only 76 irrigation acres. 

Other major agricultural entities in the 
Tucson AMA are the Farmers 
Investment Company (FICO) and the 
Arizona State Land Department. FICO 
owns and operates over 5,000 acres of 
pecan orchards. The State Land 
Department owns approximately 9,100 
legally irrigable acres in the Tucson 
AMA which it leases to farmers. 
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FIGURE 4-B 

FARM SIZE DISTRIBUTION BY NUMBER OF FARMS 
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CAP water is scheduled for availability in 
the Tucson AMA by 1992. It is uncertain 
whether allocations for non-Indian 
agricultural use will be contracted. 

Agricultural water presently accounts for 
less than one-half of the annual water use 
in the Tucson AMA. This is significantly 
lower when compared to the average of 
the four Active Management Areas, 
which is 7 5 percent. The decreasing 
agricultural water use trend in the Tucson 
AMA is projected to continue. The 
reasons contributing to this inc Jude 
agricultural land being sold for 
development, land speculation, or land 
purchases made by the City of Tucson in 
order to secure water rights. Farmers 
planning to remain in operation are 
finding it necessary to make irrigation 
system improvements in order to reduce 
water costs and maximize crop yields. 
The production of more profitable crops 
as well as the development of new 
marketing techniques will likely be 
needed if area farmers are to remain 
competitive in the agricultural industry. 

Crops commonly grown under irrigation in 
the Tucson AMA include cotton, wheat, 
barley, alfalfa, pasture grasses, and grain 
sorghum. Pecans and a variety of 
vegetables are also grown. There has 
been little change in the typical crop mix 
since the 1975 to 1979 historical period. 
Although it varies somewhat from year to 
year, cotton accounts for about 38 
percent of the acreage cropped in the 
Tucson AMA; wheat and barley, which are 
commonly rotated with cotton, approxi
mately 20 percent; alfalfa and pasture 
grasses about 14 percent; and grain 
sorghum, almost 4 percent. Pecans are 
the major orchard crop grown in the 
Tucson AMA and comprise 12 percent of 
the total land irrigated. The remaining 
12 percent of the cropped acreage is 
comprised of various vegetables and 
specialty crops. 

Flood irrigation is the most common 
method used to irrigate crops in the 
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Tucson AMA. Flood irrigation systems 
may vary in the amount of field slope and 
length of irrigation run. Most systems 
use concrete-lined ditches and apply 
water to the field using siphon tubes, port 
structures, or jack gate turnout 
structures. Farmers in the Tucson AMA 
have been investing in irrigation system 
improvements to make more efficient use 
of water. The typical irrigation systErn 
improvement made in the Tucson AMA is 
to land level a sloped field to a flat or 
nearly flat grade. Land leveling is usually 
followed by laser finishing. Laser 
finishing uses a tripod mounted laser 
beam in the field that sends a signal to a 
land scraper. The land scraper ad justs 
automatically to smooth out the highs and 
lows on the field surface. This enables 
irrigation water to be applied uniformly 
and efficiently. Laser finishing touchup 
should be done prior to crop planting as 
needed. Laser leveling technology has 
been the most significant advancement 
available to the farmer for the improve
ment of flood irrigation efficiency. In its 
1986 survey of irrigation systems, the 
Department found that slope irrigation 
was used on 7 I percent of the cropland, 
and that 27 percent of the cropland had 
been converted to flat or nearly flat 
grades. The remaining 2 percent of the 
cropland utilized sprinkler or trickle 
irrigation systems. Table 4-A provides a 
summary of the irrigation system survey 
completed in 1986. 

2. Indian Agricultural Water Use

The Tohono O'odham Indian Nation
(formerly the Papago) is not subject to
regulations in the 1980 Groundwater
Management Act or management plan
requirements. Any agricultural
development made by the Nation is
expected to be consistent with efficient
irrigation practices. The Nation has
expressed a willingness to coordinate
development activities to be consistent
with regulations established by federal,
state and local authorities. Improved
coordination with representatives of the



TUCSON AMA SECOND MANAGEMENT PLAN 

TABLE 4-A 

IRRIGATION SYSTEM SURVEY - 1986 

TUCSON AMA 

PERCENT of TOTAL 

IRRIGATION SYSTEM
1 

ACRES SURVEYED ACRES SURVEYED 

Slope (graded} 11,853 71% 

Near-level basin 3,362 20% 

Level (Flat or nearly flat) 1,216 7% 

Sprinkler/Trickle 185 2% 

Total acres surveyed2 16,616 100% 

1 

2 

Refer to Table 4-8 for description of irrigation systems 

Irrigation Grandfathered Rights of 20 acres or more; orchards not 
included. Of the 39,695 acres in this classification in the Tucson AMA, 42

percent were surveyed. 

Nation will be a priority during the 
second management period in order to 
provide technical assistance and 
integrate water planning activities. 
Historically, the Nation irrigated food 
crops with water diverted from the 
Santa Cruz River. In recent years, the 
Nation has irrigated a smaller land area 
using groundwater. The San Xavier 
District presently has about 1,000 acres 
of irrigable land, which is being reha
bilitated with new irrigation systems. 

The San Xavier District, located 
southwest of Tucson, tentatively plans 
to develop approximately 8,000 acres of 
irrigated agricultural land. The annual 
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CAP water allocation for the San Xavier 
District is 27,000 acre-feet. An 
additional 23,000 acre-feet per year of 
exchange water is assured by the 
Southern Arizona Water Rights 
Settlement Act (SAWRSA) of 1982. 
Besides the CAP and exchange water 
allocation, the SA WRSA has authorized 
the San Xavier District to withdraw 
annually up to 10,000 acre-feet of 
groundwater. This allotment may be 
used according to Public Law 97-293 
Section 306 (2Xc)(l) which states: 

"The Papago Tribe shall have the 
right to devote all water supplies 
under this title, whether delivered 



by the Secretary or pumped by the 
tribe, to any use, including but not 
limited to agricultural, municipal, 
industrial, commercial, mining, or 
recreational use whether within or 
outside the Papago Reservation so 
long as such use is within the 
Tucson Active Management Area 
and that part of the Upper Santa 
Cruz Basin not within such area." 

Although acreage within the San Xavier 
District is included within the baselines 
described in Tables 2-A and 2-B, the 
Tohono O'odham Indian Nation is 
currently studying alternatives to on
reservation agricultural water use. 

The Schuk Toak District of the Tohono 
O'odham, located west of Tucson, has 
begun the development of 2,330 acres 
for agricultural irrigation. The annual 
CAP water allotment for the Schuk 
Toak is 10,800 acre-feet. Another 5,200 

acre-feet per year of exchange water is 
available through the SAWRSA. 

E. COMPONENTS OF THE AGRICULTURAL

CONSERVATION PROGRAM

The Agricultural Conservation Program 
for the second management period 
establishes a new irrigation water duty 
resulting in a maximum annual ground
water allotment for each farm. 
Irrigation water duties for the second 
management period are generally lower 
than those established in the first 
management period. After the final 
adoption of this management plan, the 
Department notified each person who 
holds a Certificate of Irrigation 
Grandfathered Right of the inter
mediate and final irrigation water duties 
and maximum annual groundwater allot
ments. The Department will again 
notice all right holders of their 
intermediate and final water duties and 
maximum annual water allotments two 
years prior to compliance dates of the 
requirements. 
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Each person receiving a notice must 
comply with the intermediate water 
duties as measured by the maximum 
annual groundwater allotments by the 
dates in the notice. Compliance with 
the final water duty is required by 
January l ,  2000. All persons must 
remain in compliance with the appli
cable irrigation water duty until the 
compliance date of any subsequent 
require men ts. 

Any person seeking additional time to 
comply with an irrigation water duty 
may apply for a variance within 90 days 
from the date of the notice. The Code 
allows right holders who believe their 
water duty is calculated incorrectly to 
seek an administrative review within 90 
days from the date of the first notice of 
the intermediate and final irrigation 
water duties. The right holder may 
apply for an administrative review after 
the initial 90-day period; which may be 
granted only if extraordinary 
circumstances exist. Extraordinary 
circumstances are discussed in more 
detail in Chapter 8. 

When a Certificate of Irrigation 
Grandfathered Right is conveyed to a 
new right holder, the new owner 
receives a maximum annual groundwater 
allotment that is proportional to the 
number of irrigation acres conveyed. 
For example, if a right holder sells 75

percent of his or her irrigation acres, 
the new owner will receive a maximum 
annual groundwater allotment that is 7 5 
percent of the original landowner's total 
allotment. The original landowner 
would retain an allotment that is 25 
percent of the allotment for the original 
Certificate of Irrigation Grandfathered 
Right. 

l. Determination of Irrigation Water Duties
and Maximum Annual Groundwater
Allotments

The irrigation water duty is the primary
component of the Agricultural
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Conservation Program. The irrigation 
water duty is the variable which deter
mines the maximum annual groundwater 
allotment for the irrigation acres in a 
farm unit. The following sections 
describe how the Department 
determines intermediate and final 
irrigation water duties, and maximum 
annual groundwater allotments. 

a. Calculation of Irrigation Water Duties

The irrigation water duty is the quantity
of water reasonably required per acre to 
annually irrigate the crops historically
grown on a farm unit from l 97 5 through
1979. These crops were verified and
established for each farm unit during
the grandfathered rights verification
process for the First Management
Plan. The Department calculated the
irrigation water duty for each farm unit
using the following equation:

Irrigation Total Irrigation Requirement 
Water = -:- Total Planted Acres 

-,,---,----,---,--,------=....,....,..�--

Duty Assigned Irrigation Efficiency 

The numerator (top portion) of the equa
tion is equal to the average irrigation 
requirement for the crops historically 
grown on the farm unit. For the Second 
Management Plan, the assigned irriga
tion efficiencies assume the maximum 
feasible level of conservation for each 
farm unit. Each component of the 
equation is discussed below. 

l )  Total Irrigation Requirement

The total irrigation requirement for 
each farm unit equals the amount of 
water needed annually to satisfy the 
sum of the irrigation requirements for 
the crops historically grown. For each 
crop, the irrigation requirement (IR) 
consists of the amount of water which is 
needed to meet: the consumptive use 
(CU) requirement of the crop, plus any 
other needs (ON) requirement that the 
crop may have, plus any needed leaching 
allowance (LA), less the amount of any 
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effective precipitation (EP). This 
concept is shown by the equation: 

IR = CU + ON + LA - EP 

a) Consumptive Use Requirement

The consumptive use requirement of
a crop is the amount of water used in 
transpiration and building of plant
tissue, and evaporated from adjacent
soil during the growing season. The
Department based the consumptive
use requirement on widely used 
consumptive use values for each of
the crops grown.

This procedure was reviewed by the
Department for the second manage
ment period and modified for a few
crops in the Tucson AMA because of
elevation differences and differences
between experimental plats and field
conditions. Tables I and 2 in
Appendix 4 lists the consumptive use
requirements for each crop grown in 
the Tucson AMA.

b) Other Needs Requirement

Water required by certain crops for
purposes other than consumptive use
is ref erred to as "other needs."
Some vegetable crops, for example,
need additional water for
germination and quality control.

For the second management period.
the other needs requirement for 
lettuce was increased from 1.34 to 
2.44 acre-feet per acre to reflect
information obtained by the Depart
ment in its study of lettuce water
use. Table l in Appendix 4 lists the
other needs requirements for crops
historically grown in the Tucson
AMA.



c) Leaching Allowance

In some situations, a crop's irrigation
requirement may need to include an 
additional amount of water for
leaching, or deep percolation
purposes. This leaching allowance is
needed to prevent salts from
accumulating in the crop root zone
when high levels of dissolved salts
are present in the irrigation water.
If the salts in the soil are not
leached beyond the root zone, soil
salinity will eventually become high
enough to inhibit plant growth and
yields. This is shown by the
following equation:

AE 
LA= .85 cu 

- 1

Where: LA = Leaching allowance for 
the crop 

AE = Assigned irrigation 
efficiency for the farm 
unit 

CU = Consumptive use 
requirement of the crop 

ECw = Electrical conductivity of
the irrigation water 
(expressed in millimhos 
per centimeter) 

EC = e Crop tolerance to soil
salinity in electrical 
conductivity of the soil 
saturation extract 
(expressed in millimhos 
per centimeter) 
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Most irrigation water in the Tucson 
AMA is of adequate quality and does 
not need additional leaching 
allowances. Consequently, the 
Department did not include leaching 
allowances when calculating water 
duties. If, however, a holder of an 
irrigation grandfathered right for the 
second management period has a 
water supply with an ECw value
greater than l ..5 millimhos per centi
meter (a concentration of approxi
mately 1,000 milligrams per liter of 
total dissolved solids), the right 
holder may apply to the Department 
for an administrative review within 
90 days of the initial notice. 

d) Effective Precipitation

Effective precipitation is defined to
be the amount of precipitation
occurring before and during the
growing season that is available for
plant growth. Since precipitation in
the Tucson AMA is minimal and not
uniform, it is difficult to apply an
effective precipitation value to the
consumptive use requirement that is
fair to all farmers. The Department,
therefore, did not include effective
precipitation in the calculation of
total irrigation requirements for the
second management period. For
later management periods, the
Department may include effective
precipitation if it is shown conclu
sively that precipitation can be used
to effectively reduce irrigation
water applications.

2) Total Planted Acres

The total planted acres component
of the irrigation water duty is the
sum of the acres planted during the
period 1975 through 1979. Acres
that were double-cropped are
counted only once in the determi
nation of total planted acres.

1 

1 -
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3) Assigned Irrigation Efficiency

Irrigation efficiency is a measure of
the general effectiveness of water
application through a crop season.
The effectiveness is a function of
many variables including evaporation
loss, soil intake rate, land slope, crop
type, water application technologies,
and irrigation management
practices. When calculating irriga
tion efficiencies, the Department
included reasonable on-farm water
losses for typical irrigation dis
tribution systems. The Department
defines irrigation efficiency (IE) as:

IE 
_ Total Irrigation Requirement 
- Total Amount of Water Applied

The Department assigned an 
irrigation efficiency to each farm 
unit in the Tucson AMA for the 
second management period. 
Although holders of irrigation 
grandfathered rights will not be 
required to invest in new irrigation 
systems, irrigation water duties for 
most farm units are calculated 
assuming that this level of conser
vation will be achieved by 2000. 
Irrigation efficiencies were 
determined in accordance with the 
Code's mandate to "assume the 
maximum conservation consistent 
with prudent long-term farm 
management practices within areas 
of similar farming conditions, 
considering the time required to 
amortize conservation investments 
and financing costs." (A.R.S. 
§ 45-565.A. l) The approach used to
determine the irrigation efficiency
for the second management period is
described in the following sections.

4) Areas of Similar Farming Conditions

The Department undertook an inten
sive study to determine what
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constituted maximum conservation 
for farm units within "areas of 
similar farming conditions" 
(ASFCs). Areas were delineated on 
criteria determined to have an 
effect on prudent long-term farm 
management practices, including: 
1) water availability and costs, 2)
cropping patterns, 3) soil
characteristics, and 4) geographic
features. Seven ASFCs were identi
fied in the Tucson AMA. Figure 4-A
shows the general location of the
irrigated acres within each ASFC.

Irrigation district affiliation was 
used to establish ASFCs due to 
similar water availability and costs. 
The Cortaro-Marana Irrigation 
District was established as a 
separate ASFC (ASFC #2) based on 
this consideration. Because power 
rates affect the cost of groundwater 
pumping for farms using private 
wells, electrical power service areas 
were also considered in designating 
ASFCs. The power service areas in 
the Tucson AMA are the Tucson 
Electric Power Company, Trico 
Electric Power Cooperative, Arizona 
Public Service, and Citizens Utilities 
Company. Diesel fuel and natural 
gas powered wells are used to some 
extent throughout the Tucson AMA. 
Cropping patterns were estimated 
from the l 97 5 through 1979 
historical crop mix specific to each 
ASFC. Soil characteristics were 
used to a lesser degree in deter
mining ASFC boundaries. The final 
criterion in identifying ASFCs was 
geographic features. The land 
elevation in the southern portion of 
the AMA is approximately 1,000 feet 
higher than other areas. Generally, 
different cropping patterns occur 
and crop consumptive use needs are 
lower in this area (ASFC #7). 



5) Prudent Long-term Farm 
Management Practices

Prudent long-term farm management
practices were determined by the
Department to be management
practices commonly used on farms in
Central Arizona and the Tucson
AMA. These practices have proven
to be technically and economically
feasible for most farming condi
tions. Each ASFC was surveyed in 
1986 to inventory the types of 
irrigation systems in place.
Economic studies, which are
explained in detail in the next
section, were also performed to
determine the costs and benefits of
investments in irrigation system
improvements.

The Department did extensive
research on the irrigation
efficiencies that can be achieved
with each type of irrigation system.
Conclusions were based on accepted
agricultural engineering standards
and case studies of irrigation
systems conducted in the Pinal
AMA. Table 4-B describes the types
of irrigation systems used in the
Tucson AMA and the minimum irri
gation efficiencies expected from
each irrigation system when
managed properly.

Since 1981, the Department has
worked cooperatively with the U.S.
Department of Agriculture (USDA)
to study water conservation
practices used in Central Arizona.
Data were obtained from case
studies and interviews. The
Department found through this
research that irrigation system
efficiency could be substantially
increased when converting from
sloping to a level field condition.
The most efficient irrigation systems
used in Central Arizona include level
basin flood irrigation systems and
trickle irrigation systems. Sprinkler
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irrigation systems are generally less 
efficient than level flood or trickle 
systems. 

To establish conservation require
ments that assumed an investment in 
irrigation system improvements, the 
Department addressed three 
concerns: 1) effective installation of 
irrigation system improvements on 
all farms, 2) economic feasibility to 
invest in irrigation system improve
ments, and 3) potential water savings 
that can be expected from irrigation 
system improvements. 

Agricultural engineering standards 
show that level basin flood irrigation 
is applicable to most field 
conditions. Level basin irrigation 
systems are used extensively in 
Arizona to grow many crops. The 
case studies completed by the USDA 
in cooperation with the Pinal AMA 
support engineering estimates that 
level basin irrigation systems are 
highly efficient and conserve 
water. The irrigation efficiencies of 
90 percent or more are attainable 
through level basin irrigation using 
good water management practices. 
The Department determined that a 
reasonable irrigation efficiency for a 
properly managed level basin 

· irrigation system is 85 percent.

Trickle irrigation systems in Arizona
are used primarily for citrus, grapes,
and, on a small scale, cotton.
Studies of trickle irrigation systems
on a large scale are not available in
Arizona because these systems are
not yet in wide use. This lack of
field data for trickle systems
prevented the Department from
estimating irrigation efficiency
under all conditions. However,
preliminary information indicates
that well managed trickle irrigation
systems are at least as efficient as
level basin irrigation systems.
Trickle irrigation systems cost
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approximately twice the amount of a 
conventional level basin irrigation 
system and require a higher level of 
management to operate. Depending 
on the farm situation, trickle 
irrigation systems may be cost 
prohibitive. 

Sprinkler irrigation, typically using 
center pivot, lateral move, or solid 
set systems, is used to some extent 
in Arizona for field crop irrigation. 
Portable sprinklers are commonly 
used by lettuce growers for crop 
establishment. According to the 
information available, sprinkler 
irrigation systems can attain 
efficiencies up to 7 5 percent. New 
technologies in sprinkler irrigation 
include low pressure operation, drop 
tubes for spray heads, and 
automation. Since sprinkler systems 
generally operate at a lower 
efficiency than level flood irrigation 
systems, and cost more to install and 
operate, they are not considered to 
be an alternative to achieve a maxi
mum conservation level. Sprinkler 
systems may be a good technical 
alternative for farms that have soils 
with high water intake rates, though 
costs may be prohibitive. 

Irrigation systems must be designed 
specifically for each field. In some 
cases, soil types or water supply can 
limit the design of a system. The 
Department studied the physical 
limitations considered in the design 
of irrigation systems, including soil 
chemistry, water intake rates, soil 
profile depths, and other factors. 
The Department found that level 
basin irrigation systems are 
appropriate for almost all conditions 
except where soils have high water 
intake rates, shallow soil profiles, or 
steep slopes. Extensive areas of 
limiting soils were not identified in 
the Tucson AMA. 
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In areas of limiting soils, a near level 
basin irrigation system can often be 
installed. Near level basin irrigation 
systems can result in significant 
water savings. The expected irriga
tion efficiency of this type of 
irrigation system was determined by 
the Department to be 7 5 percent 
when managed properly. Soil pro
blems do occur in isolated areas and 
the Department can address these on 
a case by case basis through the 
administrative review process. 

The results of the Department's 
engineering studies were presented 
to loca I farmers, experts at the 
University of Arizona Cooperative 
Extension Service, USDA Soil 
Conservation Service, and private 
consultants. These individuals 
indicated that the results of the 
studies were reasonable and that, in 
most situations, level basin irrigation 
systems are a prudent long-term 
farm management practice. 

6) Irrigation Water Management

The Department found that the
failure of irrigation systems to
achieve the expected irrigation
efficiencies shown in Table 4-B is
most of ten not due to physical
limitations in the design of irrigation
systems but is due to the manner in 
which they are managed. For
example, if a level basin system is 
irrigated as if the field were still
sloping, then the result is a signi
ficantly lower irrigation efficiency
than that which is expected for this
type of irrigation system.

Proper management of an irrigation
system includes the use of the
following proven practices:
l) regulating the timing and rate of
each water application with regard
to the design specificiations of the
irrigation system, 2) monitoring
evapotranspiration or soil moisture
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TABLE 4-B 

IRRIGATION SYSTEMS AND EXPECTED IRRIGATION EFFICIENCIES 

TUCSON AMA 

TYPE OF IRRIGATION SYSTEM 

Slope1 ; 1280' run 2;
no tailwater recovery system 

Slope; 1 280' run; 
tailwater recovery system 

Modified slope3; 1280' run

Modified slope; 840' run 

Sprinkler 

Level Basin4; 1280' run

Level Basin; 840' run 

Level Basin; 620; run 

EXPECTED 

IRRIGATION EFFICIENCY 

60% 

70% 

75% 

75% 

75% 

85% 

85% 

85% 

Slope is a graded furrow or graded border system. The fall may vary 
from 0.6 foot or more over the entire length of the field. Tailwater 
runoff is COIIITlon. 

Run is the net length of a field in the direction of irrigation. 

3 Modified Slope is a graded furrow or graded border system. Typical to 
the Tucson AMA, this system is a slightly sloped or near-level field. 
The fall may vary from more than 0.2 foot to 0.6 over the entire length 
of the field. This system is bordered to prevent tailwater runoff. 

4 Level Basin is a level border or level furrow system. The fall may vary 
from 0.0 to 0.2 foot over the entire length of the field. This system 
is bordered to prevent tailwater runoff. 
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in order to accurately determine 
when to irrigate and how much water 
to apply, and 3) maintaining the 
components of the irrigation system 
in order to achieve optimum 
performance. 

If these irrigation water manage
ment practices are utilized with a 
designed irrigation system, the 
expected irrigation efficiencies 
shown in Table 4-B can be attained 
on a consistent basis, with little or 
no difficulty. 

7) Economic Analysis of Irrigation
System Improvements

The Department used two analytical
methods to determine the economic
feasibility of investing in irrigation
system improvements. Both methods
(one for field crops, one for mature
orchards) were based on crops
historically grown in each ASFC.

For field crop farms, the Depart
ment did extensive economic studies
of representative farm units in each
ASFC. The Department determined
that field crop farm units could be
represented for the purposes of the
economic analysis by four crops:
cotton, wheat, alfalfa, and grain
sorghum. Economists from the
Department and the USDA developed
"crop budgets" to calculate annual
production costs and gross revenues
for these four crops for each type of
flood irrigation system listed in
Table 4-B.

In conjunction with the crop budgets,
a spreadsheet known as the "Whole
Farm Analysis" (WFA), was designed
to model a representative farm unit
for each ASFC. The WF A spread
sheet served as a tool in analyzing
the economic feasibility of irrigation
system improvements for the repre
sentative farm unit. The types of
irrigation systems in place on the
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representative farm unit were 
determined from the data collected 
for the ASFC in the Department's 
1986 irrigation system survey. The 
acreage of the four field crops was 
determined from the historical crop 
mix (1975 through l 979) in each 
ASFC. Data from the crop budgets 
were used to establish costs of 
production, gross revenues, and total 
water use for the representative 
farm unit in 1 986. This was called 
the "before" situation. 

The Department assumed the number 
of irrigation acres not already 
improved with level-basin irrigation 
systems could be improved by 2000. 
The WF A spreadsheet was used to 
calculate water savings, production 
costs, and gross revenues for the 
representative farm unit after the 
assumed irrigation system improve
ments were made (the "after" 
situation). The difference between 
the net returns in the be fore 
situation and those in the after 
situation represented the benefits of 
the assumed investments in 
irrigation system improvements. 

Because decisions to invest in 
irrigation system improvements are 

. affected by many factors, ranges of 
the most critical factors were 
analyzed with the WFA spread
sheet. The variables selected for 
analysis were: water costs, crop 
prices and yields, interest rates, and 
the loan period. For each of these 
variables the values tested were 
determined from the Department's 
studies, and were reviewed by local 
farmers and other experts. 

Except under conditions of extreme 
economic hardship, benefits 
exceeded the amortized costs of the 
irrigation system improvements. 
From these studies, the Department 
determined that the installation of 
level basin irrigation systems is 



economically feasible for field crop 
farm units in all ASFCs in the 
Tucson AMA. 

Established orchard farms were 
analyzed separately because of the 
limitations of applying irrigation 
system improvements to mature 
trees. An engineering and economic 
study was contracted by the Depart
ment to determine the maximum 
conservation level for mature 
orchard farm units with slope irri
gation systems. Pecan farms were 
categorized and analyzed as orchard 
farm units in the Tucson AMA. 

The analysis of representative farm 
units for pecan orchards indicated 
that some physical improvements to 
the existing irrigation systems are 
feasible. Feasible improvements 
include the installation of concrete 
lined ditches, underground pipelines, 
and pumpback systems. For pecan 
orchards, some laser leveling to 
remove high and low spots on the soil 
surface in the grove may be feasible 
during winter months when foliage is 
absent. Installation of sprinkler and 
trickle irrigation systems, however, 
was found to be infeasible for pecan 
orchards due to physical and 
economic limitations. For pecan 
orchards, overall irrigation 
efficiency can be improved signifi
cantly with the use of efficient 
irrigation water management 
practices. The Department 
established a 7 5 percent efficiency 
for existing pecan orchards, provided 
a higher efficiency was not assigned 
to the irrigation right in the first 
management period. 

&) Assigned Irrigation Efficiencies 

The Department used the results of 
the economic and engineering studies 
to determine the maximum conser
vation level feasible for each farm 
unit within each ASFC. Exceptions 
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to this include farms with estab
lished orchards and those proven to 
have a limiting soil condition. Table 
4-C shows the irrigation efficiencies
assigned and the average irrigation
water duty for each ASFC to be
achieved for the calendar year
2000. For the second management
period, each farm unit was assigned
an 85 percent irrigation efficiency.
Pecan orchards were assigned a 7 5
percent efficiency, provided a higher
efficiency was not assigned to the
irrigation right in the First
Management Plan. Farms with
limiting soils may be assigned no less
than 75 percent efficiency depending
on the farmer's ability to prove a
limiting soil condition through the
administrative review process.

b. Calculation of the Maximum Annual
Groundwater Allotments

For each farm within a farm unit, the
maximum annual groundwater allotment
is determined by multiplying the
irrigation water duty by the water duty
acres. Water duty acres are the highest
number of acres in a farm that were
legally irrigated in any one year during
the 1975 through 1979 period. The
Department verified the number of
water duty acres for each farm unit as
determined prior to adoption of the
First Management Plan. The Code
requires that the maximum annual
groundwater allotment be reduced over
time with increasingly stringent
conservation requirements.

c. Calculation of Intermediate and Final
Irrigation Water Dutie s and Maximum
Annual Water Allotments

The Groundwater Code allows the
establishment of intermediate irrigation
water duties from 1990 through l 999.
(A.R.S. § 45-565.A.l) Intermediate
water duties will encourage farmers to
make incremental investments during
the ten year period so that assigned
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TABLE 4-C 

ASSIGNED IRRIGATION EFFICIENCIES AND AVERAGE IRRIGATION WATER DUTIES 
FOR AREAS OF SIMILAR FARMING CONDITIONS - 2000

TUCSON AMA 

AREA OF SIMILAR ASSIGNED IRRIGATION 
AVERAGE IRRI�ATION 

WATER DUTY 
FARMING CONDITIONS1 EFFICIENCY {acre-feet �er acre) 

ASFC NO. 1 85% 4.42 

ASFC NO. 2 Cortaro-Marana 85% 4.11 
Irrigation District 

ASFC NO. 3 85% 3.78 

ASFC NO. 4 85% 3.95 

ASFC NO. 5 85% 6.20 

ASFC NO. 6 85% 4.02 

ASFC NO. 7 85% 4.06 

Pecan Orchards 75%3 6.00 

Tucson AMA Average 85% 4.26 

1 Refer to Figure 4-A for locations of areas of similar farming conditions.

2 Represents an average irrigation water duty of all Irrigation Grandfathered
Rights. 

3 Minimum irrigation efficiency assigned to existing pecan orchards. Pecan
orchards that were assigned a higher efficiency in the first management 
period will remain at the higher efficiency. 
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water duties will be attained by 2000. 
The Department established inter
mediate water duties for calendar year 
1992 to reflect changes in the 
calculation of consumptive use and 
other need requirements for some crops, 
and the change in the procedure used to 
calculate leaching requirements. 

Another intermediate irrigation water 
duty was established for calendar year 
1995. This intermediate water duty is 
calculated for each farm unit using an 
irrigation efficiency that is one-half the 
difference between the irrigation 
efficiency assigned to the farm unit for 
the first intermediate period and the 
irrigation efficiency assigned to it for 
the calendar year 2000. The Depart
ment calculated the intermediate water 
duties and maximum water allotments 
using the formulas discussed in Section 
E.l .a, above.

Irrigation Grandfathered Right holders 
will receive a notice of their inter
mediate irrigation water duties and the 
associated maximum annual ground
water allotments when the management 
plan is adopted and again, two years 
prior to their respective compliance 
dates. 

d. Farm Flexibility Account

The Groundwater Code permits farmers
to borrow or bank groundwater from 
year to year to allow for varying
climatic and agricultural market
conditions. (A.R.S. § 45-467) The
Department maintains an operating
flexibility account for each farm unit.
If a farmer uses less than the farm unit's
maximum annual groundwater allotment
during an accounting period (usually a
calendar year), a credit is registered to 
the flexibility account for any Waler not 
used which would have been ground
water. If the combined amount of 
surface water and groundwater exceeds
the allotment during an accounting
period, a debit is registered to the 
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account for the amount of groundwater 
used, up to the amount of the excess. 

A farmer may borrow from the farm's 
flexibility account no more than 50

percent of the farm's maximum annual 
groundwater allotment. At any time, 
the farmer may use groundwater in an 
amount equal to the credit balance in a 
farm's flexibility account. The 
Department has developed rules 
describing the procedures for 
maintaining flexibility accounts. 

To encourage the maximum use of 
effluent during the second management 
period, the Department created an 
effluent use incentive. Each acre-foot 
of effluent used for agricultural 
irrigation will be counted as 0.9 acre
foot for purposes of farm flexibility 
accounting. 

2. Monitoring and Reporting of
Agricultural Water Use

In order for the Department to monitor
compliance with irrigation water duties
and maximum annual groundwater
allotments, and to calculate flexibility
accounts, holders of irrigation grand
fathered rights as well as irrigation
districts and private water companies
which distribute groundwater for
irrigation use are required by the
Groundwater Code and the Second
Management Plan to report their total
amount of water withdrawn, diverted, or
received annually. The Second
Management Plan places additional
reporting requirements on irrigation
districts and private water companies
which, as of January 1, 1990, distribute
20 percent or more of their total water
deliveries for irrigation use. This
information, which includes total lost
and unaccounted for water, is required
by the Department so that accurate
water use records can be maintained for
right holders served by irrigation
districts and private water companies.
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3. Conservation Program for Irrigation
Distribution Systems

The Code requires the Director to 
establish in the Second Management
Plan "economically reasonable conser
vation requirements for the distribution
of groundwater by cities, towns, private
water companies and irrigation districts
within their service areas." (A.R.S.
§ 45-465.A.4) The Municipal
Conservation Program in Chapter 5
addresses distribution system conser
vation requirements for cities, towns,
and private water companies serving
water for non-irrigation uses. This
section sets forth the conservation
program for the irrigation distribution
systems of irrigation districts and 
private water companies.

Many of the irrigation distribution 
systems in the Phoenix, Pinal, and 
Tucson _AMAs currently have concrete
lined canals. Most of the irrigation 
districts and private water companies 
operating the remaining systems plan to 
complete lining programs during the 
next decade. In addition, all systems 
which receive CAP water will be 
required by the U.S. Bureau of 
Reclamation to have lined canals. The 
Department, therefore, found it 
reasonable to require that the canals of 
all irrigation distribution systems can be 
lined by the end of the second 
management period. 

The conservation program for irrigation 
distribution systems applies to irrigation 
districts and private water companies 
which, as of January 1, 1990, distribute 
20 percent or more of their total water 
deliveries for irrigation use. 
Specifically, each irrigation district and 
private water company is required to 
reduce their irrigation distribution 
system losses and unaccounted for water 
to a minimum by lining all canals by 
2000. As an alternative to this 
conservation requirement, an irrigation 
district or private water company can 
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elect to operate their delivery system so 
that the total quantity of lost and 
unaccounted for water is l O percent or 
less by 2000. 

If an irrigation district or private water 
company cannot reasonably comply with 
either set of conservation requirements 
due to compelling economic circum
stances, they may apply for a variance 
of up to five years. The variance 
application must be filed with the 
Department within 90 days of notice of 
the conservation requirements. 
Submitted information must include a 
complete water loss reduction plan, 
prepared by a registered civil engineer, 
which contains: 

• A complete construction design
document which shows specifications
for repairing or modifying the
irrigation distribution system. The
document must include material
specifications, proposed design
specifications, installation and
construction specifications, and any
other engineering or specifications
necessary to complete the proposed
rehabilitation of the system.

• A detailed list of engineering costs
and the proposed investment option
designed to pay for the system
improvements.

• The final completion date for the
rehabilitation.

• If applicable, a system operating
guide to reduce lost and unaccounted
for water to a minimum. This guide
can be modified as the rehabilitation
progresses.
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Legally Enforceable Requirements 

F. AGRICULTURAL CONSERVATION REQUIREMENTS

4-101. Definitions

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
A rizona Revised Statutes, the fallowing words and phrases used in this Chapter, 
unless the con text otherwise requires, shall have the fallowing meanings: 

1. "Canal" means a waterway constructed for the purpose of transporting water
to a point of delivery, including main canals and lateral canals.

2. "Farm" means an area of irrigated land under the same ownership which is
served by a water distribution system common to the irrigated land and to 
which can be applied common conservation, water measurement and water
accounting procedures.

3. "Farm unit" means one or more farms which are irrigated with groundwater
and which are contiguous or in proximity to each other with similar soil
conditions, crops and cropping patterns.

4. "Irrigation acre" means an acre of land, as determined in A.R.S. § 45-465.B,
to which an irrigation grandfathered right is appurtenant. 

5 •. "Irrigation distribution system" means a system of canals, numes, pipes or 
other works which are owned or operated by an irrigation district or private 
water company and used to deliver water for irrigation use. 

6. "Irrigation water duty" means the amount of water in acre-feet per acre that
is reasonable to apply to irrigated land in a farm unit during the accounting
period, as determined by the Director pursuant to A.R.S. §§ 45-564 through
45-568.

7. "Lost water" means water from any source, including efnuent, which enters
an irrigation distribution system and is lost from the system during
transportation or distribution due to seepage, evaporation, leaks, breaks,
phreatophyte use or other similar or dissimilar causes.

8. "Maximum annual groundwater allotment" means the quantity of water in
acre-feet obtained by multiplying the water duty acres for a farm within a
farm unit by an intermediate or final irrigation water duty for the farm unit.

9. "Total quantity of lost and unaccounted for water" means the total quantity
of water from any source, including efnuent, withdrawn, diverted or received
by an irrigation district or private water company during a calendar year less
the total deliveries of water from any source, including efnuent, made by the
irrigation district or private water company during the calendar year that are
measured or estimated based on a generally accepted method of estimating
water use.

10. "Water duty acres" means the highest number of acres in a farm, taking land
rotation in to account, which were legally irrigated during any one year in the
five years preceding January 1, 1980.
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4-102. Conservation Requirements for Holders of Irrigation Grandfathered Rights

A. The number of irrigation acres, the number of water duty acres, and the
intermediate and final irrigation water duties and maximum annual groundwater
allotments assigned for each Certificate of Irrigation Grandfathered Right in
the Tucson Active Management Area are set forth in Supplement I, which is
incorporated herein by reference and is available for inspection and copying at
the Department of Water Resources office in Tucson.

B. For the calendar years 1992 through 1994, each person who is entitled to use
groundwater pursuant to a Certificate of Irrigation Grandfathered Right shall
comply with the first intermediate irrigation water duty and the first inter
mediate maximum annual groundwater allotment assigned for the right in 
Supplement I. For the calendar years 1995 through 1999, each such person shall
comply with the second intermediate irrigation water duty and the second inter
mediate maximum annual groundwater allotment assigned for the right in
Supplement I. For the calendar year 2000, and for each calendar year there
after until the first compliance date for any irrigation water duty or maximum
annual groundwater allotment assigned for the person's Certificate of Irrigation
Grandfathered Right under the Management Plan for the Tucson Active
Management Area for the Third Management Period, 2000 to 2010 ("Third
Management Plan"), each such person shall comply with the final irrigation
water duty and the final maximum annual groundwater allotment assigned for
the right in Supplement I.

C. A person who is entitled to use groundwater pursuant to a Certificate of
Irrigation Grandfathered Right may use the maximum annual groundwater allot
ment assigned for the right to irrigate only the irrigation acres to which the
right is appurtenant.

D. A person who is entitled to use groundwater pursuant to a Certificate of
Irrigation Grandfathered Right shall not use water for irrigation purposes during
a calendar year in an amount which exceeds the maximum annual groundwater
allotment assigned for the right for that calendar year, except as provided by
the nexibility account provisions of A. R.S. § 45-467, any rules adopted by the
Director pursuant thereto, and Subsection E below.

E. Effluent Adjustment

For purposes of calculating credits or debits to the operating nexibility account 
assigned to a farm pursuant to A.R.S. § 45-467, each acre-foot of efnuent 
physically applied to the farm's irrigation acres shall be considered as 0.9 acre
( oot of water used by the farm for irrigation purposes. 

4-103. Conservation Requirements for Irrigation Distribution Systems

A. Applicability

The irrigation distribution system conservation requirements set forth in 
Subsection B below apply to irrigation districts and private water companies 
which, as of January 1, 1990, distribute 20 percent or more of their total water 
deliveries for irrigation use. 
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Legally Enforceable Requirements 

B. Conserwtion Requirements

By January 1, 2000, or upon commencement of operation, whichever occurs 
later, and continuing thereafter until the first compliance date for any 
substitute requirement in the Third Management Plan, each irrigation district 
and private water company owning or operating an irrigation distribution system 
shall either: 

1. Line all canals used to deliver water for irrigation use with a material that
allows no more lost water than a well maintained concrete lining, or

2. Operate and maintain its distribution system so that the total quantity of
lost and unaccounted for water is ten percent or less of the total quantity of
water from any source, including efnuent, withdrawn, diverted or received
by the irrigation district or private water company on either a calendar year
basis or a three-year average basis based on that calendar year and the two
preceding calendar years.

4-104. Monitoring and Reporting Requirements for Irrigation Districts and Private
Water Companies 

A. Applicability

The monitoring and reporting requirements set forth in Subsection B below 
apply to irrigation districts and private water companies which, as of January 1, 
1990, distribute 20 percent or more of their total water deliveries for irrigation 
use. 

B. Monitoring and Reporting Requirements

For calendar year 1992, and for each calendar year thereafter until the 
compliance date for any substitute requirement in the Third Management Plan, 
each irrigation district and each private water company shall submit in its 
annual report required by A.R.S. § 45-632, the following information as it 
applies to the irrigation district or private water company: 

1. A map showing the irrigation distribution system, including those portions
which have lined canals and those portions which have unlined canals, unless
a current map is on file with the Department.

2. The number of miles of lined canals and the number of miles of unlined
canals in the irrigation distribution system.

3. The total quantity of water from any source, including efnuent, which was
withdrawn, diverted or received by the irrigation district or private water
company during the calendar year.

4. The total quantity of water from any source, including efnuent, delivered by 
the irrigation district or private water company to all water users during the
calendar year.
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5. An estimate of the irrigation district's or private water company's total
quantity of lost and unaccounted for water for the calendar year. This
quantity shall be determined by a generally accepted engineering method.
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A. INTRODUCTION

This chapter presents background 
information on the municipal water 
providers and describes the approach 
used to develop the Municipal 
Conservation Program for the Tucson 
AMA. Regulation of the municipal 
sector is accomplished primarily through 
conservation-oriented requirements 
which must be met by municipal water 
providers. Some customers of water 
providers are also directly regulated. 

The following topics are discussed in the 
order listed: 

• Program Summary

• Statutory Provisions

• Municipal Water Use in the
Tucson AMA

• Municipal Conservation Program
Approach

• Assured Water Supply Program

• Municipal Conservation Requirements

B. PROGRAM SUMMARY

The First Management Plan goal of 140 
gallons per capita per day is no longer 
applicable. The Second Management 
Plan establishes individual targets for 
each municipal provider based on water 
use patterns within its service area. 

The Municipal Conservation Program for 
the second management period consists 
of three regulatory alternatives for 
large water providers. The Department 
of Water Resources (Department or 
DWR) has assigned each large provider 
in the Tucson AMA a total gallons per 
capita per day water use requirement. 
In addition, providers have been given 
individual water user requirements for 
turf-related facilities, public road 
rights-of-way, and new large cooling 
towers. 
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Providers have the option of applying 
for an Alternative Conservation 
Program in lieu of the Total Gallons per 
Capita per Day Program. The alterna
tive program consists of a groundwater 
use limitation requirement, a residential 
gallons per capita per day conservation 
requirement, individual user require
ments, and non-residential requirements 
for the provider including conditions of 
new service. The Alternative 
Conservation Program gives providers 
added flexibility in meeting their 
conservation requirements. The 
Department, however, will assign this 
program only if a provider demonstrates 
that water use efficiency will be 
equivalent to that resulting from the 
total gallons per capita per day 
requirements assigned. 

In addition, certain providers may be 
designated as institutional providers if 
they supply more than 90 percent of 
their deliveries to institutions. The 
institutional provider program includes a 
residential gallons per capita per day 
requirement as well as other mandatory 
conservation requirements. 

C. STATUTORY PROVISIONS

The Groundwater Code requires the 
Department to include a conservation 
program for municipal uses in its 
management plans for the Active 
Management Areas. The Department 
developed a conservation program for 
municipal uses in the First Management 
Plan according to the Code's mandate to 
"require reasonable reductions in per 
capita use and such other conservation 
measures as may be appropriate for 
individual users." (A.R.S. § 45-564.A.2) 

In the Second Management Plan, the 
Code instructs the Department to 
"require additional reasonable reduc
tions in per capita use to those required 
in the first management period and use 
of such other conservation measures as 



may be appropriate for individual 
users." (A.R.S. § 45-565.A.2) 

Municipal use includes "all non
irrigation uses of water supplied by a 
city, town, private water company or 
irrigation district." (A.R.S. § 45-561.6 ) 
The Second Management Plan must 
include "additional economically reason
able conservation requirements for the 
distribution of groundwater by cities, 
towns, private water companies and 
irrigation districts within their service 
areas." (A.R.S. § 45-565.A.4) 

D. MUNICIPAL WATER USE IN THE
TUCSON AMA

The following sections inventory the
municipal providers in the Tucson AMA,
describe the breakdown between
residential and non-residential water use
in the municipal sector, and detail muni
cipal water use patterns as observed
between l 980 and l 985.

Municipal water use accounted for
approximately 40 percent of the total
l 985 demand in the Tucson AMA.
Residential deliveries accounted for
about 65 percent of this use, non
residential deliveries comprised 25
percent, and 10 percent was lost and
unaccounted for water. Because the
Tucson AMA population is projected to
increase by more than 50 percent by the 
year 2000, the significance of municipal
water use in the overall Tucson AMA
water budget will increase dramatically
during the second management period.

All of the municipal providers in the 
Tucson AMA depend on groundwater as 
their major source of supply. However, 
it is estimated that urban uses of 
effluent increased from approximately 
l ,800 acre-feet in l 980, to 3,500 acre
feet in l 985. Until CAP water is
delivered to the Tucson AMA there is no
other significant plan to develop
additional water supplies.
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l. Municipal Water Provider Inventocy

A municipal water provider is a city,
town, private water company, or irriga
tion district that distributes water for
non-irrigation use. The Department
maintains a registry of all regulated
municipal water providers. The area
served by municipal providers is
illustrated in Figure 5-A.

In accordance with the definition in
A.R.S. § 45-56 l, water providers in the
Tucson AMA have been divided into two
categories based on service area
population and volume of water served.
Small providers include those municipal
providers that serve less than 500
people, and supply less than one hundred
acre-feet of water for non-irrigation
purposes per year. Large providers
serve 500 or more people or supply l 00
acre-feet or more per year.

There are 167 municipal providers in the
Tucson AMA. As of January 1, 1988, 39
were designated as large providers and
128 were designated as small
providers. Service area populations
range from less than 10 people to almost
500,000 people in the Tucson AMA.
Since l 980, l l providers previously
classified as small providers have either
increased their service area population
to 500 or more people, or their annual
pumpage to over 100 or more acre-feet.
These providers are now defined as large
providers and are included as large pro
viders in Tables 5-A, 5-B, 5-C, and 5-D.

There are seven basic categories of
municipal provider in the Department's
registry. Table 5-A gives a breakdown of
providers by category. The largest cate
gory is private water companies having
Certificates of Convenience and Neces
sity (CCN). These are public service
utilities regulated by the Arizona
Corporation Commission (ACC). The
cooperatives (COOP) are homeowners
groups served by private wells that are
not for pub I ic service. The institutional



TUCSON AMA SECOND MANAGEMENT PLAN 

J 
,., 
1:- .· 

. l.-.· 

··:\':: 
,---:
,..-... . . . . . ( 

. ._.(�-
--

-::: 
·,-.-.. 
'� 

Arizona Department of Water Resources 

March 1988 

86 

D Areas Served by Large Municipal Providers 

e::-::: Hardrock 

Figure 5-A 

Areas Served by Large Municipal Providers 

Tucson Active Management Area 

_, 

REDP.OCK 



MUNICIPAL CONSERVATION PROGRAM 

TABLE 5-A 

NJNICIPAL WATER PROVIDERS 

TUCSON AMA 

Large 

Sma 11 

Total 

CCN 

24 

29 

53 

COOP 

0 

41 

41 

INST 

5 

3 

8 

facilities (INST) are generally prisons, 
schools or other types of group 
housing. 

Mobile home parks (MHP) are usually 
located on parcels of land owned by one 
individual or corporation, are not 
regulated by the ACC, and serve only 
the mobile homes on the parcel of 
land. Municipalities (MUNI) are incor
porated towns or cities that provide 
water to residential, commercial, and 
industrial customers, and are not regu
lated by the ACC. Irrigation districts 
(IDs) are entities that typically provide 
water for agricultural irrigation. 
However, the Flowing Wells Irrigation 
District now serves the bulk of its water 
to residential uses. Water providers that 
do not fit any of the above categories 
are listed as miscellaneous (MISC). 

Of the 39 large providers, 7 have been 
designated as special providers. Special 
providers are entities that, as part of 
the First Management Plan, have been 
assigned alternative conservation 
requirements to the total gallon per 
capita per day (GPCD) requirement. In 
order to apply for special provider 
status, a provider must have been able 
to demonstrate non-residential uses 
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MHP MUNI ID MISC TOTAL 

5 

32 

37 

2 

0 

2 

1 

0 

1 

2 

23 

25 

39 

128 

167 

which exceeded 60 percent of total non
irrigation pumpage. The Director 
assigned specific mandatory conserva
tion requirements, including a maximum 
residential water use rate, for special 
providers in the first management 
period. The special provider program is 
not continued in the Second Manage
ment Plan as it has been replaced by 
other programs. 

2. Water- Use Patterns

In order to analyze water use patterns in 
the Tucson AMA, municipal water use 
was divided into residential and non
residential sectors. 

Residential water use was split into 
interior and exterior categories using a 
base month method. A more detailed 
explanation of this method is presented 
later in the chapter under "Analysis of 
Residential and Non-residential Use" 
(Section E.3.a.4). Table .5-B compares 
the data collected in 198.5 with that 
from 1980. Interior water uses are 
primarily for cooking, cleaning and 
waste disposal. This water enters the 
sewer system and can be used as 
reclaimed wastewater to irrigate golf 
courses and parks. Exterior water 
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TABLE 5-B 

LARGE KJNICIPAL PROVIDER WATER USE SIMMARY - 1980 and 1985 

TUCSON AMA 

Population 

Total Pumpage (acre-feet) 

Average Residential 
Water Use Rate (GPCD) 

Average Residential 
1Interior Rate (GPCD) 

Average Residential 
1Exterior Rate (GPCD) 

Average Non-Residential 
Water Use Rate (GPCD) 

Average_ Lost and 
Unaccounted for Water (GPCD) 

Average Total 
Water Use Rate (GPCD) 

1980 

517,579 

97,399 

110 

168 

1985 

617,260 

116,145 

108 

74 

34 

42 

18 

168 

In calculating average interior and exterior water use rates, only 
providers that submitted reliable data on monthly residential deliveries 
were included. Some providers could only provide monthly delivery data for 
1986 or 1987, and these data were substituted for 1985 data. Data for 1980 
was not available. 

Estimated figure. 

uses are primarily for landscape irriga
tion , pools, cooling, and other incidental 
uses. These uses are considered to be 
consumptive, that is, the water either 
evaporates or is used by plants, but is 
n ot available for reuse as effluent. The 
weighted average residential water use 
in 1985 was 108 GPCD. The interior 
rate averaged 74 GPCD and the exterior 
rate averaged 34 GPCD. Actual interior 
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rates ranged from 41 to 119 GPCD, 
while exterior rates ranged from 14 to 
190 GPCD. 

Where possible, water use patterns of 
single family and multifamily housing 
were analyzed separately. Single family 
housing is defined for second manage
ment period planning purposes as 
detached residential dwellings, including 
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TA BLE 5-C 

LARGE PROVIDER POPULATION AND WATER USE BY SUB-AREA 

TUCSON AMA 

Persons1
Percent 19852 ' 3 1980 1985 19854 19854 

Total Total Total Total Res'l Non-Res 1 1 
SUB-AREA per HU Pop (%) Use GPCD GPCD GPCD GPCD 

Tucson 
Urb. Area 2.44 94.4 111,962 167 170 107 47 

Green 
Valley 1.69 2.5 3,356 182 195 108 77 

Rio Rico/ 
Nogales 3.12 3.1 3,792 185 175 118 45 

Total 2.43 100.0 119,110 168 170 107 48 

1 Housing unit. 
2 Water use in acre-feet. 
3 Includes lost and unaccounted for water.
4 Some providers could only provide data for 1986 or 1987, and these data were

substituted for 1985 data. 

mobile homes on single lots. Single 
family housing units comprised approxi
mately 53 percent of occupied housing in 
1985, according to "Tucson Trends-1986." 

Multifamily housing is characterized by 
units that share one or more common 
walls. Apartments, townhomes, condo
miniums, and mobile homes in mobile 
home parks are all defined as multifamily 
housing units in this plan. Multifamily 
units totaled 47 percent of occupied 
housing in 1985. Although interior water 
use does not vary much with housing type, 
it has been documented that daily per 
capita exterior water use is usually lower 
for multifamily housing than for single 
family housing. This has been attributed 
to the sharing of outdoor areas in multi
family complexes by a larger number of 
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people, resulting in less landscaped area 
per person. 

Non-resi dential water use information for 
1980 was not as complete as that for 
1985, but the water use rate in this sector 
appears to have decreased slightly 
between 1980 and 1985. The major non
residential water users served by water 
companies are golf courses, parks, 
chemical and pharmaceutical companies, 
the electronics industry, hospitals, and 
commercial operations such as laund
romats, off ice buildings, restaurants, 
hotels and mote ls, and stores. The non
residential sector has been using effluent 
for an increasing proportion of its water 
use to irrigate turf areas of golf courses 
and parks. Although it is estimated that 
urban use of effluent increased by 
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approximately 1,700 acre-feet between 
1980 and 1985, this increase did not 
match higher usage rates projected in the 
First Management Plan. 

3. Large Municipal Provider
Water Use Trends

There are three distinct urbanized areas
within the Tucson AMA: the Tucson
urbanized area, Green Valley, and the Rio
Rico/Nogales area. Differences in each
area's population, growth, and land use
characteristics affect its water
conservation patterns. The following
sections describe the water use and
population in each of the three sub-areas.
Total water use includes both residential
and non-residential use. Residential water
use is discussed in terms of interior and
exterior consumption rates. Both total
and residential uses are expressed in
terms of GPCD. Table 5-C gives a break
down of the population served by large
providers and identifies water use in
these three areas.

a. Tucson Urbanized Area

The Tucson urbanized area is the most
populous area in the AMA, accounting for
approximately 94 percent of the large
provider population and water use.

Large water providers serve water to
residential, commercial, and industrial
customers. Of the 28 large water
providers serving the area, the largest
supplier is Tucson Water, a municipal
utility with a l 985 service population of
nearly 500,000. The next largest provider
is Metropolitan Water Company, which
served a residential population of
approximately 25,000 in 1985. The
remaining 26 large water providers serve
a combined population of 55,000 people
and are distributed both inside and
outside of the Tucson city limits.

From 1980 to 1985, population and water
use in this area grew by l 9 percent.
Residential water use is currently the
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largest category, using 65 percent of the 
total municipal demand. The total water 
use rate in the Tucson urbanized area 
averaged 170 GPCD in 1985. The residen
tial rate averaged 107 GPCD, the non
residential rate was 47 GPCD, and lost 
and unaccounted for water was 
16 GPCD. It is projected that non
residential uses will increase in 
proportion to the total water use. 

Water use patterns in the Tucson 
urbanized area are variable, with the 
highest water use rates in areas 
comprised of larger lots with water
intensive landscaping. Newer neighbor
hoods tend to be higher density 
developments, which of ten reduces the 
amount of water used per capita for 
landscaping. In general, residential water 
use in the Tucson area is relatively 
conservative, with a 1985 estimated 
average interior use of 74 GPCD and 
exterior use of 34 GPCD. 

The service area of the City of Tucson is 
deemed to have an assured water supply 
through an allocation of Central Arizona 
Project (CAP) water. Second 
Management Plan large private water 
companies in the Tucson urbanized area 
that are designated as having assured 
water supplies for their service areas 
include Canada Hills, Metropolitan, 
Rancho Vistoso, and Ray Water 
Companies. All of these companies, 
except Ray, have entered into the 
Northwest Area Water Plan with Tucson 
Water, whereby they are assured a 100-
year water supply via regional water 
resources. In addition, Canada Hills has 
a CAP allocation. Ray Water Company 
has an assured supply based on a hydro
logic study. Other large private water 
companies in the Tucson urbanized area 
with CAP allocations are Cortaro Water 
Users Association and Flowing Wells 
Irrigation District. (See Section F of this 
chapter for a more detailed discussion of 
assured water supply.) 



b. Green Valley Area

Large providers in the Green Valley area
served approximately 2.5 percent of the
large provider population and accounted
for 2.8 percent of the water use in 1985.
Land use is predominantly residential
with adult retirement communities com
prising a large portion of the housing.
Community Water Company of Green
Valley is the largest water provider,
serving over l 0,000 of the more than
15,000 people in the area in 1985.
Service area populations of the five other
large water providers ranged from 400
residential customers at Farmers Water
Company to 1,990 at Green Valley Water
Company.

The Green Valley area is a rapidly
growing area within the Tucson AMA.
A significant portion of the population is
retired persons with summer residences in
other areas. As a result of the charac
teristics and seasonality of the
population, the number of persons per
housing unit is lower than in other areas
of the Tucson AMA. Between 1980 and
1985, the population increased by 25
percent and water use grew by 32
percent. The increase in water use was
primarily due to growth of Green Valley
Water Company which serves two
residential communities built after 1980
which are associated with golf courses.
Population and water use in this service
area increased by 206 percent and 114
percent, respectively. Population growth
in the other five water service areas
ranged from 8 percent at Community
Water Company of Green Valley to 45
percent at Lakewood Water Company.

Total water use rates in the Green Valley
area averaged 195 GPCD, and ranged
from 125 GPCD at New Pueblo Water
Company to 550 GPCD at Green Valley
Water Company. Green Valley Water
Company and Farmers Water Company
were designated as special providers
during the first management period due
to a large amount of non-residential use.
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In general, residential exterior water use 
is relatively low in the Green Valley area. 
The majority of residential landscapes are 
low water use. In l 985, the average 
exterior water use was 29 GPCD and the 
average interior water use, identical to 
that in the Tucson area, was 74 GPCD. 

Four water companies in the Green Valley 
area are designated as having an assured 
water supply for their service areas. 
They are Community Water Company of 
Green Valley, Farmers Water Company, 
New Pueblo Water Company, and Green 
Valley Water Company. 

c. Rio Rico/Nogales Area

Five large water companies serve the Rio
Rico/Nogales area, the largest of which is
the City of Nogales with a 1985 service
area population of over 14,000. A
combined population of 5,000 is served by
the remaining four water providers. Land
use in Nogales is predominantly resi
dential. Commercial uses include
produce storage and processing facilities,
and service industries for the large
tourist trade that flourishes in the area.

The Rio Rico area, north of Nogales, is a
mixed residential, commercial and
industrial area. Housing is predominantly
single family, and many residents
commute to Nogales to work. Industrial
uses are pr imar il y food processing and
assembly plants.

Seventy-four percent of the area's popu
lation resides in the City of Nogales'
service area. Between 1980 and 1985, the
population grew by nine percent.
Population growth for the remaining four
providers was primarily in the Rio Rico
area, where new homes are being built as
part of a planned residential develop
ment. Water use patterns in Nogales are
affected by its strong ties to Mexico.
Fluctuations in tourism and border trade
affect the non-residential water use rate.
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Total water use rates in the Nogales/Rio 
Rico area are slightly higher than those in 
the Tucson area, but lower than the 
Green Valley average. The average total 
water use rate decreased from 185 GPCD 
in 1980, to 17 5 GPCD in 1985. The City 
of Nogales accounts for almost all of the 
decrease, declining from 198 GPCD in 
1980, to 175 GPCD in I 985. The total 
water use rate at Rio Rico was higher 
than the Tucson AMA average. The 
residential rate was 11 l GPCD, while 
non-residential uses accounted for IO I 
GPCD. The high non-residential use is 
due to water use by produce industries, 
manufacturing firms, and a ready-mix 
concrete plant. 

Interior water use by residential 
customers in the Rio Rico/Nogales area 
averaged 80 GPCD in 1985, while exterior 
water use averaged 37 GPCD. The 
average interior use is higher than that in 
the Tucson and Green Valley areas. 

As of January 1, 1990, the City of 
Nogales had not yet been offered a CAP 
contract. Future development in the area 
will depend on demonstration of an 
assured water supply. Growth on the 
Mexican side of the border will also 
affect future water use patterns. 

4. Small MlDlicipal Provider
Water Use Trends

As of January l, l 988, there were 128
small providers in the Tucson AMA.
These providers differ from the large
providers in water use characteristics,
economic structure, and administrative
capabilities. Because of the large number
of providers and their diverse nature, it is
difficult to characterize their water use
patterns and conservation potential.

Small providers used a total of 3,085
acre-feet in 1985, which represented 2.6
percent of the total municipal pumpage.
The total small provider population was
estimated at 13,740 for 1985 (l.9 percent
of the Tucson AMA total). The largest
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individual service area population was 463 
people. The average water use rate was 
200 GPCD. This high rate is explained by 
the large non-residential proportion of 
water served, large lot sizes, and 
predominance of non-domestic uses that 
characterize these largely rural 
providers. Many small providers serve 
ranch headquarters, stock watering 
operations, large landscaped areas, and 
vegetable gardens. Others serve insti
tutional facilities, schools, off ice 
buildings, and other non-residential 
customers. 

5. Special Provider/Institutional Provider
Water Use Trends

Special providers in the first management
period were those supplying more than 60
percent of their deliveries to non
residential users who could demonstrate
that their water use patterns could not be
adequately characterized by an overall
per capita rate. The University of
Arizona and Davis-Monthan Air Force
Base were designated as special providers
at the time of promulgation of the First
Management Plan. Since that time, six
other providers have applied for special
provider status. They are Green Valley
Water Company, Veterans Administration
Medical Center, Evergreen Air Center,
Farmers Water Company, Rancho Vistoso
Water Company and Canada Hills Water
Company. Evergreen Air Center,
Farmers Water Company, Rancho Vistoso
Water Company, Canada Hills Water
Company and Green Valley Water
Company have been designated as special
providers. The Veterans Administration
Medical Center has signed a cooperative
agreement with the Department to limit
pumpage and initiate certain conservation
activities. The University of Arizona,
Davis-Monthan Air Force Base, the
Veterans Administration Medical Center,
and Evergreen Air Center are similar in
that they are institutional providers that
are not private water companies. They
are not regulated by the Arizona
Corporation Commission, and their non-



residential uses constitute the majority of 
the demand. All four have significant 
expansion potential and do not have CAP 
allocations. 

The four special providers that are 
private water companies have a high non
residential component. Canada Hills 
Water Company, Rancho Vistoso Water 
Company and Green Valley Water 
Company's non-residential water use is 
related to golf courses. Farmers Water 
Company serves a pecan shelling plant. 
All four have significant growth potential 
in golf course-related communities. It 
should be noted that the special provider 
classification is not included in the 
Second Management Plan and is replaced 
by the institutional provider 
classification. (See Section 5-110.) 

E. MUNICIPAL CONSERVATION

PROGRAM APPROACH 

1. First Management Plan Approach

The approach used to establish conser
vation requirements for municipal
providers in the first management period
was not tailored to individual service
areas. Each large provider with a total
water use rate over 140 GPCD in 1980
was required in the First Management
Plan to reduce their water use by 25

percent of the difference between the
1980 water use rate and 140 GPCD. Ot is
important to note that 140 GPCD is no 
longer used as a long range target for
planning purposes.)

Municipal providers were also responsible
for meeting additional conservation
requirements for the first management
period, including:

• Limitations on the amount of water
that may be served to turf-related
facilities

• Restrictions on serving groundwater to
highway median strips, rights-of-way,
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and rest areas of public roads or 
highways, unless low water use plants 
are used 

• Limitations on distribution system
losses

• Various monitoring and reporting
requirements

2. Second Management Plan Approach

For the second management period the
Department developed a more detailed,
comprehensive approach for determining
the conservation potential for large water
providers. An extensive data collection
effort enabled the Department to analyze
the conservation potential of each
provider separately. Current water use
rates for each provider were determined
by water use categories, such as single
family residential, multifamily
residential, commercial, and industrial.

After existing water use characteristics
were identified, future water use patterns
were projected using population and land
use projections, and an analysis of
landscaping trends, current conservation
activities, and water rate structures.

Another important component of the
conservation potential analysis in the
Second Management Plan was an in-depth
inventory and analysis of conservation
measures appropriate for the arid
Southwest. The Department researched
the potential water savings, costs,
advantages, and disadvantages of each
conservation technique. This inventory
was then used to determine how much
water could be saved in each water use
sector by each provider, assuming the
most appropriate and cost-effective
conservation measures were implemented
during the second management period.
The potential water savings in each
sector was then totaled to determine the
conservation potential of each large
provider. On this basis, the Department
selected the most reasonable water



TUCSON AMA SECOND MANAGEMENT PLAN 

conservation requirement (total gallons 
per capita per day) for each provider 
based on the provider's unique water use 
characteristics. 

The Department considered a variety of 
program options during development of 
the Municipal Conservation Program. To 
aid in development and evaluation, the 
Tucson AMA formed a Municipal Advisory 
Committee with representatives from 
various water providers, the University of 
Arizona, the development community, 
and other governmental entities. Pro
gram options were considered based on: 

• Effectiveness (likelihood that actual
water savings will result)

• Ease of administration (not unduly
burdensome to the provider or DWR)

• Regulatory certainty (allowing
provi<;iers to do effective long-term
planning)

• Fairness/equity (recognizing the
differences between individual service
areas but expecting similar levels of
water use efficiency to be attained)

• Legality (consistency with Groundwater
Code and management plan provisions)

• Flexibility (ability to respond to
changing service area conditions)

• Compatibility with other Second
Management Plan programs (Agricul
tural Conservation, Industrial
Conservation, and Augmentation and
Reuse Programs)

• Consistency with the First Management
Plan

The Department considered two 
additional criteria: l )  the potential of 
each program option for reducing the rate 
of water use to assist water providers in 
demonstrating an assured water supply 
and 2) the degree to which requirements 
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would help individual water provider 
service areas and the Active Management 
Area achieve safe-yield. Based on this 
analysis of program options, the 
Department established a total gallons 
per capita per day (GPCD) requirement 
and individual user requirements for each 
provider. 

Total GPCD requirements may not be 
appropriate or equitable for providers 
with rapidly changing water use 
patterns. Therefore, the Department will 
allow water providers a choice between 
the Total GPCD Program and an Alterna
tive Conservation Program. Acceptance 
into the Alternative Conservation 
Program is subject to the Department's 
approval, however. The Alternative 
Conservation Program must result in 
levels of water use efficiency that are 
equivalent to that of the Total GPCD 
Program. The Alternative Conservation 
Program gives providers flexibility in 
determining how to meet their water 
conservation requirements. Another 
option to the total GPCD requirements is 
available to those providers qualifying for 
the institutional provider program. 

Weather and other external factors can 
cause annual variations in muncipal water 
use. Therefore, both municipal conserva
tion programs for the Second Manage
ment Plan will include a "flexibility 
account provision" to account for the 
impacts of weather and other variable 
conditions. 

An underlying assumption of both 
municipal conservation programs is that 
water providers should move toward 
increased use of renewable water supplies 
and decreased use of mined groundwater 
during the second management period. 
The Department will reevaluate the 
assured water supply designation of cities 
and towns with CAP allocations in 2001. 
The importance of the Assured Water 
Supply Program is discussed in more 
detail in Section F of this chapter. 



3. Program Development - Large Providers

a. Municipal Provider Profile

In order to establish appropriate conser
vation requirements for each large pro
vider, the Department identified existing
water use patterns and service area
characteristics that influence a provider's
water conservation potential. Assump
tions about future service area growth,
water supply, and water demand were
also included in the analysis. This
database is referred to as the "municipal
provider profile." A summary of base
year water use and population data for
each large provider is listed in Table 5-D.

Information gathered to determine each
provider's water conservation potential
included:

• Population and housing mix (existing
and projected)

• Land use (existing and projected)

• Water use (existing and projected)

• Water rate structure

• Landscape design

• Costs of providing water

• Existing water conservation programs

• Climatological data

This information, gathered from a variety 
of sources, was compiled into a profile 
for each large provider using 1985 (or in 
some cases 1986 or 1987) as the base 
year. A major source of information was 
a questionnaire sent to providers. Ex
cellent provider cooperation in this data 
gathering effort enabled the Department 
to obtain relatively detailed and accurate 
information. Of the compiled infor
mation, those areas that were analyzed 
most extensively are listed below with a 
brief discussion of the methodology used. 
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l )  Service Area Population

Demographic information was 
generally available from census infor
mation and the provider question
naire. In addition, the Department 
requested yearly population and 
housing unit updates from each large 
provider. The 1980 Census provided a 
base year to which the reported 
population increase was added using 
an Arizona Department of Economic 
Security (DES) approved methodology 
for estimating inter-censal 
population. The methodology involves 
multiplying the number of new housing 
units in the service area by the 
persons per housing unit (pphu) value 
derived from the census, and adding 
the result to the updated base 
population from the 1980 Census for 
that provider. 

2) Land Use

An inventory of land uses within each
service area was developed using
aerial photos, zoning information,
field observations, and provider re
cords. The purpose of the inventory
was to obtain information for use in
determining the mix of residential and
commercial properties within each
provider service area and in analyzing
opportunities for growth.

3) Landscape Design

Landscape design is a significant
factor in understanding water use
patterns. The pattern observed in the
analysis of exterior and interior water
use data was supported by the results
of a landscape survey conducted by
DWR staff. Landscape types and
trends were observed in each service
area and categorized according to
water use requirements. Service
areas with high water-demanding
landscapes had water records that
showed high exterior water use.
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TABLE 5-D 

TUCSON NltA: BASE YEAR LARGE PROVIDER WATER USE DATA
1 

Total Int Ext Non 

Total FMP Total Res Res Res Res 

Use
4 Target5 Use

4 
Use6 Use6 Use6 Use

7 
Lost8 

Provider (AF) Population (GPCD) (GPCD) (GPCD) (GPCD) (GPCD) (GPCD) (%) 

AOOC Wilmot Prison 155 531 292 193

Arizona WC 265 3,488 140 68 52 39 13 9 10 

Avra Water Co-op 258 2,068 140 111 102 62 40 0 9 

Beznos Management2 
284 910 154 278 278 140 138 0 

Canada Hi I Is wc2 1,953 4,528 SP 385 105 58 47 259 6 

Citizens - Rio Rico 415 1,606 201 231 120 84 36 107 2 

Citizens - Tubae Valley 169 798 180 190 148 80 68 34 4 

City of Nogales 2,821 14,398 183 183 117 80 37 45 8 

City of Tucson 90,285 499,850 155 161 104 72 32 41 11 

Community WC of GV 1,579 10,675 143 132 101 74 27 21 7 

Cortaro Wtr Users Assn2
659 1,313 195 448 101 65 36 342 1 

Davis-Monthan AFB2 
2,264 6,800 SP 297 86 71 15 211 1 

E & T WC 86 631 140 121 116 66 50 0 4 

Evergreen Air Center 117 0 SP 

Far Horizons East 190 749 161 226 226 138 88 0 

Farmers wc
3 169 365 SP 414 283 128 155 116 4 

FI owing We I Is ID 2,709 16,179 183 150 117 71 46 30 1 

Forty-Niner WC
2 

658 676 545 869 268 123 145 587 2 

Green Va I I ey WC 1,226 1,990 SP 550 100 83 17 438 2 

Halcyon Acres WUA 104 209 375 444 444 162 282 0 

Hub WC 790 4,065 154 173 162 95 67 6 3 

K & v wc
2 138 963 190 128 119 65 54 6 

Lago Del Oro wc
3 

259 1,685 140 137 116 75 41 7 10 

Lakewood WC 108 663 152 145 110 62 48 9 18 

Las Quintas Serenas WC 191 1,076 177 159 131 77 54 20 5 

Los Cerros wc
2 130 667 140 175 102 71 31 0 42 

Marana Water Service 261 2,030 156 115 113 56 57 0 1 

Metropolitan wc
2 

6,160 27,568 191 199 163 104 59 26 5 

New Pueblo WC 84 598 140 125 92 69 23 30 2 

Rancho Vistoso wc
3 1,222 4,480 SP 244 113 61 52 108 9 

Ray WC 586 3,592 149 146 103 68 35 24 13

Town & Country Estates2 108 795 121 121 12 1 81 40 0 

Town & Country Terrace 146 770 140 169 169 103 66 0 

Tucson Meadows MHP 95 641 140 133 133 99 34 0 

University of Arizona 1,765 5,721 SP 275 71 204 10 

Val le Verde WC 241 1,613 140 133 99 78 21 11 17 

VA Medical Center 222 53 SP 3,744 

Vista Del Norte MHP2 189 849 140 198 198 88 110 0 

Winterhaven W & Dev. Co. 283 837 333 301 301 113 188 0 

TOTALS/AVERAGES 119,304 626,430 153 170 108 74 35 43 11 

1 
1985 unless noted otherwise. 5 First Management Plan target.

2 1986 base year. 6 Residential use: total, interior and exterior. 
3 1987 base year. 7 Non-residential use. 
4 Al I water pumped, diverted or received. 8 Lost and unaccounted for water.

Effluent and deliveries to other service area s Special Provide status. 

or Irrigation Grandfathered Rights not included. •Delivery date necessary to calculate values 

was not avai I able. 
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4) Analysis of Residential and
Non-Residential Use

Residential water delivery records
were reviewed and the month of
lowest use was used as a baseline
figure for indoor water use. It was
assumed that water use in the lowest
use month was 100 percent interior
and that indoor use is relatively
constant year-round. These assump
tions are supported by the fact that
most water consumed for interior
uses enters the sewage system, and
Pima County Wastewater records
report essentially constant year
round flow. Water use above this
baseline is assumed to be for
exterior uses. Segregating exterior
and interior use identifies general
areas of potential conservation. If
exterior use is high, then conser
vation programs that reduce outdoor
use may be more appropriate for
achieving an overall water use
reduction.

Non-residential water use categories
within each provider's service area
were also analyzed in order to target
water use categories having the
greatest conservation potential.
Categories of special or high water
use, such as turf facilities or high
water use industrial and commercial
users were identified from provider
records.

5) Existing Conservation Programs

Existing conservation programs
influence a provider's conservation
potential and the selection of
additional conservation strategies
within a service area. Existing
conservation efforts, including
conservation-oriented rate
structures and customer education
programs, were documented in each
provider profile.
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6) Projected Water Demands

Projections of future water demand
and land use were made using DES
population projections, provider land
use plans, provider knowledge of
service area growth, and past growth
trends. The amount and type of new
growth are important components in
the conservation potential analysis
because, in general, potential is
greater for new water users than
existing users.

The provider profile was the starting 
point in developing the conservation 
requirements for each large provider 
outlined in this plan. Continuing input 
from providers is vital to maintain 
accurate and current records of water 
use patterns, and as documentation of 
conditions that affect the ability of 
a provider to meet its conservation 
requirements. 

b. Inventocy of Conservation Alternatives

The Department conducted an inventory
and analysis of available water
conservation devices, measures, and
programs. An extensive literature
search was used to identify the
components of conservation programs.
A summary was then prepared for each
conservation measure, identifying
potential water savings, costs,
reliability, and historical applications.
The summaries were grouped according
to the water use sector in which they
were used, including residential, non
resident ia 1, and indoor/outdoor
categories. The inventory also included
measures appropriate for new and
existing development. This work pro
vided the information used to evaluate
the potential water savings associated
with the implementation of a given con
servation program for each provider. A
summary of measures identified in the
inventory is included in Appendix 5-E.
A complete description of a sample
measure is provided in Appendix 5-F.
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c. Analysis of Conservation Potential

To determine the residential conser
vation potential of each large provider,
the Department used two separate
approaches, one for existing water users
and one for new water users. In general,
water savings associated with existing
users was based on 1985 water use rates
in the municipal provider profile. For
new water users, models were developed
for residential interior and exterior
water use which include water
conserving devices and practices.
Conservation potential in the non
residential sector was analyzed by a
consultant, and the Department con
ducted a drive-by survey of commercial
landscaping. As a result of these
studies, individual user requirements and
Alternative Conservation Program non
residential requirements were
developed.

Conservation potential in the non
residential sector is not easily analyzed
because of the great variability in types
of non-residential usage, lack of
information in the literature, and
uncertainty about non-residential
growth. In most cases, non-residential
usage was assumed to remain at the
base year per capita rate throughout the
second management period.

I) Conservation Potential for Existing
Residential Users

For existing residential water users
within each service area, the
conservation potential analysis was
based on existing water use
characteristics, the existence of
conservation programs within the
service area, and conservation
programs proven successful in other
communities that could be imple
mented within the service area
during the second management
period. This analysis resulted in the
delineation of four categories of
residential conservation potential for
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both interior and exterior water 
use: no potential, minimum, 
moderate, and maximum. The limits 
of these categories were established 
to be consistent with the models for 
new development and with Tucson 
AMA water use patterns. (See Table 
5-E.)

Each provider was assigned to the 
appropriate category based on its 
conservation potential. To the 
minimum, moderate and maximum 
categories, the Department assigned 
appropriate conservation measures 
that could be implemented to 
achieve a level of water savings 
commensurate with a provider's 
conservation potential. The water 
savings associated with each 
measure, when applied to the 
provider's water use characteristics, 
produced a residential target. 
Because many providers did not 
disaggregate single family and 
multifamily water use but reported 
only total residential use, it was not 
possible in these cases to separately 
analyze the conservation potential of 
these two user groups. In these 
cases, all housing units were assumed 
to be single family and the 
conservation potential analyzed 
accordingly. 

2) Conservation Potential for New
Residential Users

For new residential water users
within the service area, models were
developed for interior and exterior
use. The interior model was
developed through a survey of water
conservation literature with local
input from a number of advisory
committees. Compliance with
existing plumbing ordinances and
water-conserving practices was
assumed. The resulting figure of 61
GPCD will be used as an interior
target for all new single family users
(Table 5-F). The corresponding
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TABLE 5-E 

RESIDENTIAL WATER CONSERVATION POTENTIAL CATEGORIES 

TUCSON AMA 

Interior Water Use 

Category GPCD 1

No Potential <62

Minimum 62-77

Moderate 78-98

Maximum >98

1 Gallons per capita per day
2 Gallons per housing unit per day

(assumes 2.84 persons per housing unit) 

figure for exterior water use is 78 
gallons per housing unit per day 
(GPHUD) which includes an assump
tion of 12 GPHUD (year-round 
average) for evaporative coolers. 

The exterior model is calculated on a 
housing unit rather than a per capita 
basis because exterior water use is 
largely independent of the number of 
people occupying the housing unit. 
In contrast, interior use is directly 
proportional to the number of people 
residing there. Model landscapes 
were constructed to illustrate the 
alternatives available using this 
quantity of water and assumed the 
Pima County average number of per
sons per household of 2.84 for single 
family units. One scenario which 
assumes a 400 square feet pool and 
l 00 percent use of a pool cover from
September through May is shown in
Table 5-G. The landscape model is
explained more fully in Appendix
5-H. The single family GPHUD unit
per day value is translated back to
a GPCD rate based on the number of
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Exterior Water Use 

GPCD GPHUD2

<28 <79 

28-49 79-1 39

50-75 140-214 

>75 >214

persons per housing unit for the 
particular service area. 

In the case of new multifamily 
housing, the GPCD model includes an 
indoor component that is similar to 
the single family version, except 
that the water use associated with 
washing machines is reduced by 6 
GPCD. The exterior multifamily 
water use model (19 GPCD) is based 
on information generated in the 
provider profiles for existing water 
use, with assumed levels of conser
vation from the conservation 
alternatives inventory. The exterior 
water use for multifamily is not 
easily analyzed on a gallons per 
housing unit basis, so this model uses 
GPCD as its basis. The model for 
new multifamily units is 74 GPCD. 

New residential growth was deter
mined using DES projections. An 
appropriate ratio of single family 
and multifamily housing was selected 
for use in projecting a target rate 
for 2000. 
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TABLE 5-F 

INTERIOR WATER USE MODEL FOR NEW SINGLE FAMILY DEVELOPMENT 

TUCSON AMA 

Device 

TOILET l, 2

SHOWER/BATH 3

FAUCETS 4

DISHWASHER 5

CLOTHES WASHER 5

GARBAGE DISPOSAL 6, 7

TOTAL 

GPCD 

17.5 

20.0 

5.4 

2.4 

12.6 

3.0 

60.9 

1 B rown & Caldwell, Water Conservation Measures, prepared for Arizona
Department of Water Resources, 1987. 

2 Water Conservation Management, American Water Well Association, 1981. 

3 Allows for one shower or bath per capita per day, which is a higher rate
than that established by the HUD study (footnote 5). 

4 Faucet use less bathtub use. Non-conserving use. DeCook, K.J., M.M.
Karpiscak, and K.E. Foster, The "W-Index'' for Water Conservation (Draft), 
198 7. 

5 B rown & Caldwell, Survey of Water Fixture Use, prepared for U.S. Department
of Housing and Urban Development, 1984. 

6 Woodard, Gary C. and Todd C. Rasmussen, "Residential Water Demand: A Micro
Analysis Using Survey Data", Hydrology and Water Resources in Arizona and 
the Southwest, Vol. 14, 1984. 

7 Adjustment for change from 4 gpm (Uniform Plumbing Code, 198 2 ; and City of
Tucson Ordinance No. 5625, August 1982) or higher flow rate to 3 gpm. 
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The total GPCD requirement for each 
provider was determined by combining 
the target rate for projected new 
residential and non-residential users 
with the target rate for existing 
users. The Department used the base 
year percent mix of residential and 
non-residential water use rates to 
project target rates, except where 
information in the provider profile 
supported an alternative ratio. 

The Department then evaiua ted the 
reasonableness of each provider's total 
GPCD requirement using the following 
factors: 

• Past and present conservation
efforts by the provider

• Cost to the customer and provider
of alternative conservation
programs

• Technical and financial capability
of the provider

• Public acceptance and overall
equity

• Comparison to water use models

Although this total GPCD requirement 
is comprised of many target rates for 
individual use categories, the provider 
will be responsible for meeting the 
combined total GPCD rate by the 
intermediate and final compliance 
dates. The procedure for determining 
the total GPCD requirement is shown 
for an example water provider in 
Appendix 5-G.

3) Individual User Requirements

The Department has set additional
conservation requirements for indivi
dual users within a service area.
Individual users are water users served
by a municipal system that have high
water use rates and significant
conservation potential. In the First
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Management Plan, turf-related 
facilities, large artificial water 
bodies, and public road rights-of-way 
were given specific requirements. 

For the Second Management Plan, the 
individual user requirements of the 
First Management Plan were 
reevaluated. The Department also 
evaluated the following water use 
sectors to determine whether 
individual user requirements were 
needed: electronics manufacturing 
facilities, heating and cooling water 
use, sanitary and kitchen use, food 
processing facilities, and construction 
water use. As a result of this 
analysis, individual user requirements 
were retained and strengthened for 
turf-related facilities and right-of
way landscaping, and added for new 
large cooling towers served by 
municipal water providers are 
identical to those described in the 
Industrial Conservation Program 
(Chapter 6). The individual user 
requirement restricting water use in 
artificial water bodies in the First 
Management Plan is not included in 
the Second Management Plan because 
it has been superseded by the passage 
of Senate Bill 1200 in 1987, known as 
the "Lake Bill." (A.R.S. § 45-131, et 
seq.) Provisions of the Lakes Bill are 
discussed in Appendix 1. 

4) Distribution System Requirements and 
Monitoring and Reporting
Requirements

The Department's analysis of the
conservation potential of municipal
water distribution system focused on
measures which would reduce water
losses and increase delivery system
efficiency. Because accurate water
use measurements are necessary for
determining efficiency, the Depart
ment established a requirement that
all service connections served by large
providers be metered with the excep
tion of connections to fire services,
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TABLE 5-G 

EXTERIOR WATER USE t«>DEL FOR NEW DEVELOPMENT 

TUCSON AMA 

Pool Use 
Evaporative Cooler Use 
Landscape use 
TOTAL 

GPHUD l 

28.6 
11. 7
37.5
77.8

1 Gallons per housing unit per day.

construction users, dwelling units in 
individual multifamily structures, 
and individual mobile homes in a 
mobile home park with a master 
meter. 

d. Summary of Municipal Conservation
Programs for Large Providers

The Department has established three
regulatory programs for large municipal
providers for the second management
period. Municipal providers regulated as
large municipal providers in the Second
Management Plan shall be initially
assigned to a Total GPCD Program, but
may apply for acceptance into the
Alternative Conservation Program or 
request to be classified as an institu
tional provider. These programs apply
to all large municipal providers
including existing providers, new
providers and to those providers that
consolidate their service areas during
the second management period. In
addition, the Department has estab-
1 ished distribution system and
monitoring and reporting requirements 
for all large water providers.
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1) Total Gallons per Capita per Day
Program

a) Total Gallons per Capita per Day
(GPCD) Requirement

Each large provider has been
assigned a total GPCD requirement
based on the Department's conser
vation potential analysis. Require
ments have been set for two inter
mediate compliance dates of January
1, 1992, and January 1, 1995, and a
final compliance date of January 1,
2000. Intermediate and final targets
for each large provider are listed in
Appendix 5-A.

b) Individual User Requirements

Individual user requirements, with
the exception of the requirements
concerning lakes, were retained and
strengthened for turf-related
facilities and public rights-of-way.
Deliveries to turf-related facilities
are regulated on an allotment basis
according to the application rates in
Table 6-C in the Industrial
Conservation Program (Chapter 6).



Turf-related facility requirements 
for calendar years 1990 and 199 l are 
listed in Appendix 5-C. Landscaping 
planted after December 31, l 986, in 
publicly-owned rights-of-way must 
consist of low water use plants. A 
list of required plants is provided in 
Appendix 5-D. In addition, new large 
cooling towers are now assigned 
requirements. Legislation passed in 
1988 enables the Department to 
directly regulate individual users 
pursuant to the notification 
provisions of Section 5-11 l .B. 

2) Alternative Conservation Program

Total water use in gallons per capita
per day is an accurate water use
indicator for many providers.
However, in service areas with 
rapidly changing water use patterns,
the total GPCD requirement may not
be the most appropriate type of 
conservation requirement. Because
the total GPCD requirement is based
on an assumed residential and non
residential water use ratio, any
significant deviation from this ratio
could affect a provider's ability to
attain the requirement by the
compliance dates. Providers may,
therefore, apply to be assigned to
the Alternative Conservation
Program for the second management
period.

The Department has designed the
Alternative Conservation Program to
meet two primary objectives:
(1) provide increased flexibility not
afforded by the Total GPCD
Program, and (2) achieve a compar
able level of water use efficiency as
the Total GPCD Program. The
Alternative Conservation Program
consists of the following require
ments that must be met by the 
provider:

• Groundwater use limitation
requirement
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• A residential GPCD requirement

• Individual user requirements

• Non-residential requirements

Each of these Alternative 
Conservation Program requirements 
is summarized below: 

a) Groundwater Use Limitation
Requirement

Existing providers must limit ground
water use to the highest annual use
during the period 1980-1989 by
permanently extinguishing an
equivalent amount of grandfathered
groundwater rights, or by using non
groundwater supplies or by with
drawing groundwater outside the
Tucson AMA.

b) Residential GPCD Requirement

Residential GPCD targets were
established for existing residential
users, new single family users, and
new multifamily users. These rates
were derived from the conservation
potential analysis for the residential
component of the GPCD target, as
previously described. In the Total
GPCD Program, these three rates
are combined into a single pre
assigned residential rate, and then
combined with a non-residential and
lost and unaccounted for water
component for the intermediate and
final total GPCD requirements. In
the Alternative Conservation
Program, however, the three
residential rates are not combined
into a pre-assigned total residential
GPCD target. Rather, they are left
as separate targets for each
residential category, with an annual
target calculated based on growth
within the service area during the
year. The annual residential GPCD
requirement, therefore, is a
fluctuating target which reflects the
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annual growth trends in each 
residential sector. 

The Department will determine 
compliance with the annual residen
tial GPCD requirement using the 
rate calculated for that year. The 
procedure for calculating the annual 
residential per capita rate is 
identical to that described in 
Appendix 5-A for the total GPCD 
target, except that the non
residential water usage and lost and 
unaccounted for water component 
are not included. A list of the 
intermediate and final targets for 
each of the three residential sectors 
for each large provider is shown in 
Appendix 5-B.

This approach allows a provider to 
meet the residential rate require
ment even if the target rate in one 
residential sector is exceeded. A 
provider's annual residential GPCD 
requirement will change each year 
during the second management 
period as the proportion of new to 
existing, and single family to 
multifamily housing units changes. 
The three individual residential 
target rates, however, do not 
change. 

c) Individual User Requirements

The individual user requirements
under the Alternative Conservation
Program are identical to those
required under the Total GPCD
Program.

d) Non-Residential Requirements

Unlike individual user requirements,
non-residential requirements pre
scribe action that must be taken by
the provider. Providers choosing the
Alternative Conservation Program
must implement the following
conditions for the establishment of
new service:
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• New large non-residential develop
ments, except motels and hotels,
must limit the area of water
intensive landscaping to no more
than 20 percent of the landscap
able area in excess of l 0,000
square feet. Schools, cemeteries,
common areas of homeowners
associations, and public
recreational facilities are exempt
from this provision.

• New hotels and motels must limit
water-intensive landscaping to no
more than 20 percent of the
landscapable area in excess of
20,000 square feet.

• All new model homes must limit
the amount of water-intensive
landscaping to l O percent of the
landscapable area. All water
intensive landscaping must be
placed within a courtyard or
immediately adjacent to the
home. Plumbing fixtures must
include low-flow faucets, showers
and toilets that meet applicable
plumbing ordinances for the area.

• All new non-residential customers,
except construction users, must
submit a water conservation plan
to the provider if the customer's
projected annual water use equals
or exceeds five acre-feet. The
plan must identify all water uses
associated with the proposed
development and the water con
servation measures to be used for
each use. The conservation
measures selected must be the
best commercially available
conservation technology for both
interior and exterior use consis
tent with reasonable economic
return. A copy of each plan
submitted to the provider must be
submitted to the Department
along with the provider's annual
report. The Department may
approve a substitute conservation



requirement applicable to a 
category of user described above 
if the requirement is as effective 
in limiting water use as the 
prescribed requirement. 

3) Provider Application for the
Alternative Conservation Program

Each large provider has received an
official conservation notice from the
Department informing them of their
Total GPCD Requirement. The
requirements of the Alternative
Conservation Program are also
described in the notice. The Total
GPCD Program remains in effect
until the Department approves the
provider's request to change to the
Alternative Conservation Program.

A provider may apply for the Alter
native Conservation Program in the
following manner. A provider may
request the Alternative Conservation
Program anytime during the second
management period but no later than
the first compliance date for any
substitute requirement in the Third
Management Plan. Application to
the Department for the Alternative
Conservation Program will not
prevent a provider from applying for 
a variance or administrative review
of their total GPCD requirement.

To obtain the Department's approval,
the provider must show it will limit
its groundwater withdrawals within
the Tucson AMA during the second
management period to the highest
annual groundwater use during the
period of 1980 through 1989. The
provider must indicate that it will
permanently retire an equivalent
amount of groundwater use by grand
fathered rightholders, use surface
water supplies (including CAP
allotments), or use groundwater
withdrawn outside of the Tucson
AMA. The Department will use the
provider's application for the 
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Alternative Conservation Program to 
monitor progress by the provider and 
to determine the type of technical 
assistance that the Department 
might provide. 

As part of the application for the 
Alternative Conservation Program, 
providers must submit to the 
Department a comprehensive water 
supply and demand analysis, a plan to 
limit groundwater withdrawals, a 
description of existing and proposed 
conservation programs and measures, 
and a water augmentation plan. The 
provider's application must be 
approved by the provider's governing 
body before it is submitted to the 
Department. 

The application must demonstrate 
that the provider will offset 
expansions of the non-residential 
demand with new water supplies 
other than groundwater mined from 
within the Tucson AMA. Toward this 
end, the application must include the 
following information: 

• Existing water demands for each
major water use sector within the
service area, including residential,
commercial, industrial, turf
related facility, government,
construction, and other uses.

• Future water demands for each
major water use category.
Providers must project water
demands for 1990, 2000, 2010,
2020, and 2025, assuming appli
cable First and Second
Management Plan conservation
requirements, approved population
projections, and any other
accepted projections of residential
growth within the service area.

• Water supplies by source for each
projection year, including surface
water by source (e.g., CAP,
surface water rights acquisition,
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etc.), groundwater, effluent, 
artificial recharge, and other 
augmentation activities. 

• Description of all existing and
projected conservation programs
and other measures designed to
meet the conservation require
ments outlined in the Second
Management Plan. The discussion
must include an analysis of water
rate structures as a conservation
measure and describe how the
provider will ensure conservation
by existing non-residential
customers and by new non
residential customers who use less
than five acre-feet per year. In
addition, the provider must include
a schedule for implementation of
all conservation measures.

• Description of augmentation
programs that will be implemented
to meet the water demand of the
service area. The provider's role
in programs operated in conjunc
tion with a regional augmentation
effort must also be described. The
plan must describe each program,
the estimated amount of "new"
water available, affected water
use sectors, implementation
schedule, and costs.

Each year, along with the Annual 
Water Withdrawal and Use Report, 
the municipal provider will be 
required to submit an Alternative 
Conservation Program progress 
report describing programs carried 
out, costs incurred, water saved, and 
any difficulties encountered. This 
information will allow the 
Department to determine the level 
of each provider's conservation 
effort, and monitor the provider's 
progress in meeting these 
requirements. 

Although providers who choose to 
remain in the Total GPCD Program 
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are not required to write a con
servation plan, doing so is strongly 
recommended. The ability to 
document a strong commitment to 
achieving the conservation require
ment may mitigate any penalties 
that may be imposed in a compliance 
action. 

4) New Large Providers Program

All new large providers including
small providers that become large
providers during the second
management period, will initially be
assigned to the Total GPCD
Program. The provider must comply
with its GPCD requirement within
six years of commencement of
service as a large provider. If the
new large provider delivers five
percent or less water to non
residential customers, its GPCD
requirement is 101 GPCD. If non
residential usage is greater than five
percent of its total deliveries of
water in any year, then the GPCD
requirement is 121 GPCD for that
year and for each thereafter.

A new provider may apply for the
Alternative Conservation Program in
accordance with the Alternative
Conservation Program provisions.
Before a new large provider will be
assigned to the Alternative
Conservation Program, the provider
must demonstrate that it will limit
its annual use of groundwater
withdrawn from within the Tucson
AMA to no more than 50 percent of
the lesser of a total usage of 121
GPCD or the total amount of water
used in a year. The provider can
achieve this by permanently retiring
a requisite amount of groundwater
use by grandfathered rightholders, by
using non-groundwater supplies, or
by using groundwater withdrawn
from outside the Tucson AMA.



5) Institutional Provider Program

The Total GPCD and Alternative
Conservation Programs provide most 
municipal providers with a flexible
regulatory package. However, the 
Department has a third regulatory
program for "institutional
providers". This provision allows
municipal providers who supply 90
percent or more of their total water
deliveries to prisons, hospitals,
military installations, air parks,
schools or other entities designated 
by the Director, to apply for 
institutional provider status. If 
approved, mandatory conservation
requirements will be assigned to the
provider. The Department will grant
institutional provider designation
only if the Total GPCD rate program
is not appropriate and the provider
demonstrates that it cannot limit its 
groundwater use, retire groundwater
rights, or use other alternative
sources. Consequently, only a few
providers will be eligible for
institutional provider status.

6) Consolidation of Large Providers

Two or more large providers that
consolidate their service areas will
require an adjustment to their
conservation requirements. The
Department will recalculate a single
total GPCD requirement on a
prorated basis and assign the pro
vider to the Total GPCD Program.
The merged provider may apply for 
the Alternative Conservation
Program.

7) Consolidation of a Large and
Small Provider

A large and a small provider that
consolidate their service areas will
require an adjustment to their
conservation requirements. The
Department will recalculate a single
total GPCD requirement and assign
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the merged provider to the Total 
GPCD Program. The merged 
provider may apply for the 
Alternative Conservation Program. 

&) Flexibility Account 

Weather and other external factors 
may cause annual variations in 
municipal water use. The impacts of 
weather conditions and other factors 
on water use were analyzed by a 
consultant retained by the Depart
ment. The Second Management P Ian 
Municipal Conservation program 
includes a flexibility account to 
determine compliance with the 
provider's Total GPCD Requirement 
or Residential GPCD Requirement 
(if the provider is regulated under 
the Alternative Conservation 
Program). 

The flexibility account allows a 
provider to exceed its per capita 
requirement within certain limits. 
The provider may debit its flexibility 
account to an amount equal to l 0 
GPCD if the provider is regulated 
under the Total GPCD Program, or 7 
GPCD if the provider is regulated 
under the Alternative Conservation 
Program. If usage exceeds this 
maximum negative account balance, 
then the provider would be out of 
compliance for the amount in excess 
of the limit. Conversely, in years of 
usage below the provider's target, 
the provider could accrue credits 
equal to the amount under target up 
to a maximum positive account 
balance of 30 GPCD for the Total 
GPCD Program or 21 GPCD for the 
Alternative Conservation Program. 
This credit balance can then be 
drawn from in dry, hot years. 

The flexibility account applies to all 
large providers including new large 
providers and providers that 
consolidate their service areas. 
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9) Distribution System Requirements

The Second Management Plan
requires that system losses may not
exceed l O percent on an annual or
three-year average basis for large
providers, or 15 percent for small
providers.

10) Monitoring and Reporting
Requirements

In order to evaluate system losses
and provide accurate water use data,
all large provider service connec
tions, including all single family
residences, must be separately
metered by January 1, 1992. This
requirement does not include
dwelling units in individual multi
family units, mobile homes in a
mobile home park which have master
meters, fire services, or construction
users.

All large providers must collect
monthly water use information for
single family, multifamily, non
residential, and irrigation
categories. The water use must be
aggregated using the definitions in
this chapter. The number of new
housing units added in each
residential category must also be
reported for the year. This
information must be included with
the annual report for each year,
beginning with the 1992 annual
report. The Department will use this
information to build a database for
the Third Management Plan and to
track water usage during the second
management period.

Except as provided through legisla
tion affecting individual users,
providers must also report water use
and acreage information for turf
facilities, and the monthly quantity
and average total dissolved solids
(TDS) in blowdown water from
cooling towers. If regulated under
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the Alternative Conservation 
Program, the provider must also 
submit a conservation program 
status report, provide an annual 
listing of new non-residential 
customers using over five acre-feet 
per year, and submit copies of all 
conservation plans received from 
these customers. 

4. Program Development - Small Providers

The analysis of conservation potential,
discussed in this chapter, is designed for
large municipal providers. Small
providers (providers serving 500 people
or less and annually delivering l 00 acre
feet of water or less) are addressed in a
different manner. Although the First
Management Plan called for specific per
capita reductions by small providers
similar to those required of large
providers, the Second Management Plan
requirements are more general in
nature. In shifting its approach, the
Department recognizes that: ( 1) small
providers are often unable to carry out
the types of conservation programs
expected of large providers, (2) small
providers would occupy a dispropor
tionate amount of staff time to
administer the per capita requirements,
and (3) the 128 small providers in the
Tucson AMA use very little water and
have limited water conservation
potential. Small provider water use in
the Tucson AMA is approximately 3,000
acre-feet per year, or less than three
percent of the total municipal water
use. The average use rate for Tucson
AMA small providers of 224 GPCD
reflects the high proportion of non
residential uses and the rural nature of
these providers.

Small providers are required to
minimize waste of all water supplies,
maximize efficiency in outdoor
watering, encourage reuse of water
supplies and reduce total GPCD usage.
In addition to these general
requirements, small providers will be



responsible for all individual user 
requirements and some annual reporting 
and distribution system requirements. 

F. ASSURED WATER SUPPLY PROGRAM

1. Introduction

The Groundwater Code requires those 
persons proposing to offer subdivided or 
unsubdivided land, as defined in A.R.S. 
§ 32-2101, for sale or lease in an Active
Management Area to demonstrate to the
Department that an assured water
supply exists for the proposed develop
ment. (A.R.S. § 45-576) The Code
defines an assured water supply as:

" l .  Sufficient groundwater or surface 
water of adequate quality will be 
continuously available to satisfy the 
water needs of the proposed use for 
at least one hundred years. 

2.  The projected water use must be 
consistent with the management 
plan and achievement of the 
management goal for the active 
management area. 

3 .  The financial capability has been 
demonstrated to construct the 
delivery system and any treatment 
works necessary to make the supply 
of water available for the proposed 
use." (A.R.S. § 45-576.L) 

The purpose of this section is to outline 
the relationship between the Second 
Management Plan and the Assured 
Water Supply Program. It is also 
intended to provide guidance regarding 
the re-evaluation of assured water 
supply determinations for municipal 
service areas with CAP allocations. 

The responsibility for demonstrating an 
assured water supply rests with the 
developer of the property. A developer 
must demonstrate that an assured water 
supply exists before the county, town, or 
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city can approve the subdivision plat, 
and before the Arizona Department of 
Real Estate can issue a public report. 

There are three ways to demonstrate an 
assured water supply. First, the 
developer may demonstrate that it has 
entered into a service agreement with a 
city or town having a contract for CAP 
water. These providers have service 
areas deemed to have an assured water 
supply through December 31, 2000. 

Second, the developer can arrange for 
service from a "designated water 
provider." This is a city, town, or 
private water company other than a 
deemed provider that the Department of 
Water Resources has determined as 
having a service area with an assured 
water supply. If a development is to be 
served by a city or town whose service 
area is deemed to have an assured water 
supply, or a city, town, or private water 
company whose service area is 
designated by the Department as having 
an assured water supply and water will 
be supplied from the service area, the 
developer need not apply for a 
Certificate of Assured Water Supply. 

The third way to demonstrate an assured 
water supply is for the developer to 
obtain a Certificate of Assured Water 
Supply from the Department. The 
ability to obtain a certificate depends 
on the availability of the water supply 
which will serve the proposed uses. 

An application for a certificate must be 
submitted to the Department with a 
hydrologic study which demonstrates 
that the water supply is physically 
available. The developer is issued a 
Certificate of Assured Water Supply for 
the subdivision if the application meets 
all of the appropriate criteria. 
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2. Assured Water Supply Criteria

The Department has established
standards by which assured water supply
certificates are issued. These are
standards for quantity, quality, and 
dependability of the proposed water
supply. The review process not only
evaluates whether sufficient quantities
of adequate quality water will be
available for 100 years, but also reviews
financial capability to construct a
delivery system (if applicable) and 
consistency of the proposed water uses
with both the management plan and the
water management goal for the Tucson
AMA. Under current policy, the
Department will not issue Certificates
of Assured Water Supply to develop
ments or parts of developments which
include 1000 units or more that cannot
reasonably be expected to be completed
within ten years.

3. Re-evaluation of Municipal
Designations after 2000

The Groundwater Code allows for the 
service areas of cities and towns with
CAP allocations to be deemed as having
an assured water supply until December
31, 2000. The service areas of
municipalities with CAP subcontracts
were determined as having an assured
water supply based on the presumption
that a sufficient supply of CAP water
would be available to provide for the
service area demands. This determi
nation is subject to review by the
Department after December 31, 2000.
Cities and towns deemed as a result of
their CAP allocations will then be
required to demonstrate that their 
service areas have an assured water 
supply.

The Groundwater Code provides a clear
mandate for each municipal provider to
wisely manage its water resources in
anticipation of this re-evaluation.
Municipalities wishing to obtain an
assured water supply designation beyond
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2000 should begin developing and 
implementing a comprehensive water 
planning and management program 
which may include, but is not limited to, 
the following elements. 

• Withdrawal Management Program -
Groundwater withdrawals should be
reduced to eliminate groundwater
overdraft.

• Demand Management Program -
Conservation programs should be
implemented. These may include
public education efforts, conditions of
service, conservation-oriented rate
structures, technical assistance to
water users, and ordinances.

• Supply Management Program -
Providers should develop water
augmentation alternatives, reclaimed
water systems, and water quality
protection programs.

4. The Relationship between Management
Plans and Assured Water Supply

It is currently an issue as to whether
failure to meet the conservation
requirements of the Second Management
Plan will automatically jeopardize
either a provider's ability to be
redesignated as having a service area
with an assured water supply. However,
consistency with the management plan
will be considered in evaluating all
applications for an assured water
supply. Failure to implement compre
hensive water demand management
programs may make it more difficult for
a provider to prove that continued
growth in its service area will be
consistent with the management plan.
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G. MUNICIPAL CONSERVATION REQUIREMENTS

5-101. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the fallowing words and phrases used in this Chapter, 
unless the context otherwise requires, shall have the following meanings: 

1. "Body of water" means a body of water or interconnected bodies of water
in an active management area, including a lake, pond, lagoon or swimming
pool, that has a surface area greater than twelve thousand three hundred
and twenty square feet and that is filled or refilled primarily for landscape,
scenic or recreational purposes. A body of water that is used incidentally
for landscape, scenic, or recreational purposes is deemed not to be filled or
refilled for landscape, scenic or recreational purposes.

2. "Common area" means a recreational or open space area or areas
maintained for the benefit of the residents of a housing development which
is owned and operated as a single integrated facility.

3. "Construction use" means a use of water for construction purposes,
including the use of water for dust control, compaction and preparation of
building materials on construction sites.

4. "Construction user" means a person who uses water for construction use.

5. "Existing large provider" means a large provider that was in operation and
was serving water on or before January 1, 1990.

6. "Existing non-residential customer" means a non-residential customer to
whom a municipal provider served water on or before January 1, 1990.

7. "Existing 1990 service area population" means the service area population
of a municipal provider as of July 1, 1990, as determined by the Director
according to law.

8. "Extinguish" means, for the Alternative Conservation Program's ground
water use limitation requirement, to cause a grandfathered groundwater
right to cease to exist through a formal process established by the
Director.

9. "Housing unit" means a group of rooms or a single room occupied as
separate living quarters. Housing unit includes a single family home, a
patio home, a townhouse, a condominium, an apartment, a permanently
setup mobile home or a unit in a multifamily complex. Housing unit does
not include a mobile home in an overnight or limited-stay mobile home park
or a unit in a campground, motel, hotel, or other temporary lodging
facility. A housing unit may be occupied by a family, a family and
unrelated persons living together, two or more unrelated persons living
together, or by one person.
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10. "Individual user" means a person receiving water from a municipal provider
for non-irrigation uses to which specific conservation requirements apply,
including turf-related facilities, new large cooling users and landscaped
public rights-of-way.

11. "Landscapable area" means the entire area of a lot less any areas covered
by structures, parking lots or roads.

12. "Large provider" means a municipal provider serving water to 500 or more
people or supplying 100 acre-feet or more of water during a calendar year.

13. "Lost and unaccounted for water" means the total quantity of water from
any source, including efnuent only if it is recovered efnuent, withdrawn,
diverted or received by a municipal provider during a calendar year less the
total quantity of authorized deliveries of water from any source, including
efnuent only if it is recovered efnuent, made by the municipal provider
during the calendar year that are metered deliveries or deliveries that the
municipal provider accounts for by a generally accepted method of
estimating water use.

14. "Multifamily housing unit" means a mobile home in a mobile home park and
any permanent housing unit having one or more common walls with another
housing unit located in a multifamily residential structure, and includes a
unit in a duplex, triplex, f ourplex, condominium development, townhome
development or apartment complex.

15. "Municipal distribution system" means a system of pipes, canals, or other
works which are owned and operated by a municipal provider to collect,
store, treat or deliver water for non-irrigation use.

16. "Municipal provider" means a city, town, private water company or
irrigation district that supplies water for non-irrigation use. 

17. "New individual user" means an individual user that begins to use water
served by a municipal provider after January 1, 1990.

18. "New large cooling user" means a non-residential facility with a total
cooling tower capacity in excess of 250 tons, that begins to use water
served by a municipal provider after January 1, 1990.

19. "New large landscape user" means a non-residential facility that applies
water to a water-intensive landscaped area in excess of 10,000 square feet
which has either landscaping planted and maintained after January 1, 1990 
or bodies of water, other than bodies of water used primarily for swimming
purposes, filled and maintained after January 1, 1990, or both. A new large
landscape user does not include a turf-related facility, such as a school,
park, cemetery, golf course or common area of a housing development.

20. "New large provider" means a large provider that begins serving water
after January 1, 1990, or a small provider that becomes a large provider
after January 1, 1990.
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21. "New multifamily population" means the portion of the service area
population of a municipal provider that resides in multifamily housing units
and that begins receiving water from the municipal provider after July 1,
1990.

22. "New non-residential customer" means a non-residential customer that
begins receiving water from a municipal provider after January 1, 1990.

23. "New single family population" means the portion of the service area
population of a municipal provider that resides in single family housing
units and that begins receiving water from the municipal provider after
July 1, 1990.

24. "Non-residential customer" means a person who is supplied water by a
municipal provider for a non-residential use.

25. "Non-residential use" means a non-irrigation use of water other than a
residential use.

26. "Outdoor watering" means the application of water from any source,
including efnuent, to grow landscaping plants.

27. "Previous year's new multifamily population" means the new multifamily
population of a municipal provider as of July 1 of the preceding calendar
year.

28. "Previous year's new single family population" means the new single family
population of a municipal provider as of July 1 of the preceding calendar
year.

29. "Recovered efnuent" means efnuent that has been stored pursuant to an 
underground storage and recovery permit and recovered outside the area of
hydrologic impact. The area of hydrologic impact, as projected on the land
surface, is the areal extent of the migration of water stored pursuant to an
underground storage and recovery project under Chapter 3, Title 45 of the
Arizona Revised Statutes.

30. "Residential GPCD" means the gallons of water per capita per day for all
residential uses supplied by a municipal provider.

31. "Residential use" means a non-irrigation use of water related to the
activities of a housing unit or units, including exterior water use.

32. "Service area population" means the number of people residing in housing
units connected to distribution lines maintained by the municipal provider
within the service area of the municipal provider which are being served as
of July 1 of the applicable reporting year.

33. "Service connection" means a coupling of a municipal provider's distribution
system and its customer's water system.
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34. "Single family housing unit" means a detached dwelling, including mobile
homes not in mobile home parks.

35. "Small provider" means a municipal provider serving less than 500 people
and supplying less than 100 acre-feet of water during a calendar year.

36. "Total GPCD" means the total gallons of water per capita per day for all
non-irrigation uses supplied by a municipal provider.

37. "Turf-related facility" means a school, park, cemetery, golf course or
common area of a housing development that applies water from any source,
including efnuent, to a watel"-intensive landscaped area of ten or more
acres, including, but not limited to, those facilities listed in Appendix 6-A.

38. "Turf-related watering" means the application of water from any source,
including efnuent, to a wate,-..intensive landscaped area on the grounds of a
turf-related facility.

39. "Watel"-intensive landscaped area" means, for the calendar year in question,
an area of land which is watered with a permanent water application
system and planted primarily with plants not listed in Appendix 5-D, and
the total surf ace area of all bodies of water filled or refilled with water
from any source, including efnuent, that are an integral part of the
landscaped area. Bodies of water used primarily for swimming purposes are
not an integral part of a landscaped area.

5-102. Large Providers - Conservation Programs 

A. Each large provider shall comply with the Total Gallons Per Capita Per Day
(''GPCD") Program in accordance with Section 5-103, unless the provider has
applied for and the Director has approved the provider for the Alternative
Conservation Program or for designation as an institutional provider. If a large
provider is accepted into the Alternative Conservation Program or is designated
as an institutional provider, the provider shall continue to comply with its Total
GPCD requirement until the first compliance date assigned by the Director for
the provider under the Alternative Conservation Program or as an institutional
provider.

B. A large provider may apply for the Alternative Conservation Program as
described in Section 5-104. If the Director approves the application, the large
provider shall comply with the requirements of the Alternative Conservation
Program.

C. A large provider may apply for designation as an institutional provider pursuant
to Section 5-110. If the Director approves the application, the large provider
shall comply with the institutional provider requirements assigned by the
Director.

D. A large provider, including a small provider which has become a large provider,
a merged large provider, a new large provider, an institutional provider and any
other large provider, shall comply with individual user requirements,
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distribution system requirements, and applicable monitoring and reporting 
requirements as prescribed in Sections 5-111, 5-112 and 5-113. 

5-103. Large Provider Total Gallons per Capita per Day Program 

A. Total GPC D Requirement

Unless accepted into the Alternative Conservation Program or designated as an 
institutional provider: 

1. For the calendar years 1992 through 1994, each existing large provider shall
withdraw, divert or receive water, including efnuent only if it is recovered
efnuent, for non-irrigation use at or below its first intermediate total GPCD
requirement as assigned in Appendix 5-A.

2. For the calendar years 1995 through 1999, each existing large provider shall
withdraw, divert or receive water, including efnuent only if it is recovered
efnuent, for non-irrigation use at or below its second intermediate total
GPCD requirement as assigned in Appendix 5-A.

3. For the calendar year 2000, and for each calendar year thereafter until the
first compliance date for any substitute total GPCD requirement in the
Third Management Plan, each existing large provider shall withdraw, divert
or receive water, including efnuent only if it is recovered efnuent, for non
irrigation use at or below its final total GPCD requirement as assigned in
Appendix 5-A.

B. Compliance with Total GPCD Requirement

The Director shall determine if an existing large provider is in compliance with
its total GPCD requirement for a calendar year pursuant to the nexibility
account provisions in Section 5-105, using the large provider's service area
population as calculated pursuant to Subsection C below.

C. Calculation of Large Provider's Service Area Population

The Director shall calculate the service area population of a large provider for
each calendar year as follows, unless the Director has approved an alternative
methodology for calculating the large provider's service area population prior to
the calendar year in question:

1. Determine the number of single family housing units and multifamily housing
units added to the large provider's distribution system between July 1 of the
previous calendar year and July 1 of the calendar year in question, less any
units removed from the system during that period.

2. Adjust these totals by the respective average annual vacancy rate for single
family housing units and multifamily housing units as calculated from the
most recent census or other approved source of information.
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3. Multiply the adjusted number of single family housing units calculated in 2
above by the average number of persons per o ccupied single family housing
unit as calculated in accordance with the most recent census or other
approved source of information.

4. Multiply the adjusted number of multifamily housing units calculated in 2
above by the average number of persons per occupied multifamily housing
unit as calculated in accordance with the most recent census or other
approved source of information.

5. Add the results of 3 and 4 above to the provider's respective previous year's
new single family population and previous year's new multifamily
population. The sums are the provider's new single family population and
new multifamily population.

6. Add the provider's new single family population and new multifamily
population to the provider's existing 1990 service area population. The sum
is the large provider's service area population for the calendar year.

5-104. Alternative Conservation Program 

A. Application for Alternative Conserwtion Program

Only large providers may apply for the Alternative Conservation Program. To
be eligible for the Alternative Conservation Program, a large provider must
submit an application on a form prescribed and furnished by the Director no 
later than the first compliance date for any substitute total or residential
GPCD requirement in the Third Management Plan. A large provider may apply
for an administrative review pursuant to A.R.S. § 45-575 or for a variance
pursuant to A.R.S. § 45-574 in addition to applying for the Alternative
Conservation Program. A large provider's completed application for the
Alternative Conservation Program must be .approved by the provider's governing
body be( ore being submitted to the Director, and must include the fallowing:

1. A plan to limit the provider's overall groundwater withdrawals as required by
Subsection B.1.a below.

2. An assessment and projection of water demand for the years 1990, 2000,
201 O, 2020 and 2025 for the fallowing water use sectors served by the large
provider: single family residential uses, multifamily residential uses,
commercial uses, industrial uses, turf-related facilities, government uses,
construction uses, and any other uses.

3. A description and projection of the large provider's water supplies through
the calendar year 2025, with a special emphasis on the large provider's water
supplies for the calendar years 1990 through 2000.

4. A description and evaluation of the large provider's existing conservation
programs.
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5. A discussion of all conservation measures to be instituted by the large
provider by calendar year 2000, including an analysis and discussion of the
implementation of conservation-oriented rate structuring. The discussion
shall also include the large provider's conservation plans for: a) all existing
non-residential customers, and b) all new non-residential customers using
less than five acre-feet of water per year.

6. The large provider's schedule for implementation of all conservation
measures proposed in 5 above.

7. The large provider's water augmentation plan, including a schedule for the
implementation of proposed water augmentation measures.

B. Alternative Conservation Program Requirements

1. Groundwater Use Limitation Requirement

a. Requirement

By a compliance date agreed upon by the Director and a large provider 
regulated under the Alternative Conservation Program, and for each 
calendar year thereafter until the first compliance date for any 
substitute requirement in the Third Management Plan, the provider shall 
limit its annual use of groundwater withdrawn from within the Tucson 
Active Management Area to its largest legal groundwater use during any 
one calendar year from calendar year 1980 through calendar year 1989. 
The provider shall achieve this requirement by permanently extinguishing 
or causing to be permanently ertinguished grand{ athered rights to 
groundwater as described in paragraph b below or by substituting non
groundwater supplies or groundwater withdrawn from outside the Tucson 
Active Management Area for groundwater withdrawn from within the 
Tucson Active Management Area, or by a combination of these methods. 

b. Ertinguishment of Groundwater Uses Associated with Grandfathered
Rights

1) Applicability

Only irrigation grandfathered rights, Type 1 non-irrigation grand
fathered rights and Type 2 non-irrigation grandfathered rights, as 
described in A.R.S. §§ 45-462 through 45-465, may be ertinguished to 
meet the groundwater use limitation requirement. The provider shall 
not receive credit toward the achievement of the groundwater use 
limitation requirement for the extinguishment of either a Type 2 non
irrigation grand{ a the red right used for electrical energy generation or 
mineral ertraction or processing purposes, or a Type 1 or Type 2 non
irrigation grandfathered right owned or previously owned by a 
municipal provider and used or previously used to serve the municipal 
provider's service area. 
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2) Annual Credits

The Director shall determine the amount of annual credit a large 
provider obtains for extinguishment of grandfathered rights to 
groundwater as follows: 

a) For each irrigation grandfathered right extinguished or caused to
be extinguished by the provider, the annual credit shall be the
lesser of:

(1) The number of water duty acres in the farm to which the
right is appurtenant multiplied by 3.0 acre-feet of water, less
any debits, in acre-feet, in the farm's operating nexibility
account at the time the right is extinguished, or

(2) The maximum annual groundwater allotment assigned for the
irrigation grandfathered right for the calendar year in which
it is extinguished, as calculated pursuant to A.R.S. § 45-465.B
and Chapter 4 of the Second Management Plan, less any
debits, in acre-feet, in the farm's operating nexibility
account at the time the right is extinguished.

b) For each Type 1 non-irrigation grandfathered right or portion of
such right extinguished or caused to be extinguished by the
provider, the annual credit shall be the full amount, in acre-feet,
of the certificated Type 1 non-irrigation grandfathered right, or a
proportional amount thereof if only a portion of the right is
extinguished.

c) For each Type 2 non-irrigation grandfathered right extinguished or
caused to be extinguished by the provider, the annual credit shall
be the full amount, in acre-feet, of the certificated Type 2 non
irrigation grandfathered right.

3) Proof of Extinguishment

In order for a large provider to obtain an annual credit for
extinguishing or causing to be extinguished a grandfathered right to
groundwater, the holder of the grandfathered right must deliver the
Certificate of Grandfathered Right to the Director before the first
calendar year in which the credit will be used, request that the
grand{ a the red right be extinguished, and direct that the provider
receive the annual credit. Only one large provider may receive
annual credit for any one portion of a grandfathered right which has
been extinguished.

c. Compliance

The Director shall determine whether a large provider is in compliance
with its groundwater use limitation requirement in a calendar year as
follows:
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1) Add together the amount of annual credits received by the provider
for extinguishing grandfathered rights to groundwater after January
1, 1990 as determined by the Director pursuant to Subsection B.1.b.2)
above.

2) Calculate the total volume of groundwater, in acre-feet, which the
large provider withdrew, diverted or received during the calendar
year from within the Tucson Active Management Area for use within
the provider's service area.

3) Subtract the sum calculated in 1) above from the volume calculated
in 2) above.

4) A large provider is in compliance with its groundwater use limitation
requirement if the difference calculated in 3) above is equal to or less
than the largest volume of groundwater legally withdrawn, diverted
or received by the provider from within the Tucson Active
Management Area for use within its service area during any one
calendar year between 1980 and 1989, inclusive. Annual credits
which are not needed by the provider to comply with its groundwater
use limitation requirement in one calendar year shall not carry
forward to any following calendar year.

2. Residential GPCD Requirement

a. Requirement

Beginning with the calendar year agreed upon by the Director and a large
provider regulated under the Alternative Conservation Program, and for
each calendar year thereafter until the first compliance date for any
substitute requirement in the Third Management Plan, the provider shall
serve water, including efnuent only if it is recovered efnuent, for
residential use during the calendar year at or below its residential GPCD
requirement for the year. The Director shall calculate the residential
GPCD requirement for a large provider regulated under the Alternative
Conservation Program for each calendar year as fallows:

1) Determine the large provider's existing 1990 service area population.

2) Determine the large provider's new single family population and new
multifamily population pursuant to Section 5-103.C.1 through 5,
unless the Director approves an alternative methodology for
calculating the large provider's new single family population and new
multifamily population prior to the calendar year.

3) Multiply the provider's existing 1990 service area population by the
GPCD rate for existing residential users assigned to the provider in
Appendix 5-B. Multiply the provider's new single family population by
the GPCD rate for new single family users assigned to the provider in
Appendix 5-B. Multiply the provider's new multifamily population by
the GPCD rate for new multifamily users assigned to the provider in
Appendix 5-B. Add the three products, and then divide the sum by
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the sum of the provider's existing 1990 service area population, new 
single family population and new multifamily population. The 
quotient is the provider's residential GPCD requirement for the given 
calendar year. 

b. Compliance with Residential GPCD Requirement

The Director shall determine if a large provider regulated under the 
Alternative Conservation Program is in compliance with its residential 
GPCD requirement pursuant to the nexibility account provisions in 
Section 5-105. 

3. Non-Residential Requirement

a. Conditions for the Establishment of New Service

1) Except as provided for in 2) below, by a compliance date agreed upon
by the Director and a large provider regulated under the Alternative
Conservation Program, and for each calendar year thereafter until
the first compliance date for any substitute requirement in the Third
Management Plan, the large provider shall implement conditions for
the establishment of service requiring:

a) All new non-residential customers, other than construction users,
with an estimated annual water demand of five acre-feet or more
to submit a conservation plan identifying the anticipated types of 
water uses and demonstrating the use of the latest commercially
available conservation technologies for both interior and exterior
water uses consistent with reasonable economic return. The
provider shall review each plan and shall require the new non
residential customer to use the latest commercially available
conservation technology for both interior and exterior water use
consistent with reasonable economic return. Any new non
residential customer aggrieved by a conservation requirement
imposed by a municipal provider hereunder may appeal to the
Director for relief therefrom no later than 30 days after receiving
notice of the requirement.

b) All model homes to use high efficiency outdoor watering systems
where an outdoor watering system is present, and to install low
water use interior plumbing.

c) All model homes to limit their water-intensive landscaped area to
ten percent of the landscapable area and to locate any water
intensive landscaped area immediately adjacent to the model
home.

d) New large landscape users, excluding motels and hotels, to limit
their water-intensive landscaped area to no more than 20 percent
of the landscapable area in excess of 10,000 square feet.
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e) New large landscape users which are motels or hotels to limit
their water-intensive landscaped area to no more than 20 percent
of the landscapable area in excess of 20,000 square feet.

2) The Director may approve a substitute conservation requirement
applicable to the same category of user described in l)a) through e)
above, if the condition is as effective or more effective in limiting
water use than the prescribed condition of new service.

3) If a user violates a condition of service or substitute conservation
requirement as established pursuant to this Section, the provider shall
take appropriate action to enforce the condition of service agreement
or substitute conservation requirement.

b. Non-Residential User Conservation Programs

By a compliance date agreed upon by the Director and a provider
regulated under the Alternative Conservation Program, and for each
calendar year thereafter until the first compliance date for any
substitute requirement in the Third Management Plan, the provider shall
implement conservation programs for all new non-residential customers
using less than five acre-feet of water per year and for all existing non
residential customers, as described in the provider's application for the
Alternative Conservation Program approved by the Director.

5-105. Compliance with Total GPCD Requirement and Residential GPCD
Requirement - Fleribility Account 

A. Total GPCD Program Fleribility Account

The Director shall determine if a large provider regulated under the Total
Gallons Per Capita Per Day Program is in c;ompliance with its annual total
GPCD requirement through the maintenance of a nexibility account for the
provider which shall operate as follows:

1. Each large provider regulated under the Total Gallons Per Capita Per Day
Program shall be assigned a nexibility account with a beginning balance of
zero gallons of water.

2. At the end of each calendar year in which the provider withdraws, diverts or
receives groundwater for non-irrigation use, beginning with calendar year
1992, or the calendar year in which the provider first becomes a large
provider, whichever is later, the Director shall adjust the provider's
nexibility account as fallows:

a. Subtract the total gallons of water from any source, including efnuent
only if it is recovered efnuent, withdrawn, diverted or received by the
provider during the calendar year for non-irrigation use from the amount
of water the provider could legally withdraw, divert or receive during the
calendar year for non-irrigation use, as calculated in Paragraph d below.

121 



TUCSON AMA SECOND MANAGEMENT PLAN 

b. If the result in Paragraph a above is negative, debit the nexibility
account by this volume.

c. If the result in Paragraph a above is positive, credit the nexibility
account by this volume.

d. The amount of water which a large provider regulated under the Total
Gallons per Capita per Day Program can legally withdraw, divert or
receive for non-irrigation use during a calendar year is calculated by
multiplying the provider's total GPCD requirement for the calendar year
by the provider's service area population for the year as calculated
pursuant to Section 5-103.C, and then multiplying the product by the
number of days in the calendar year.

3. The balance in the provider's account to be carried forward to the following
calendar year shall be determined pursuant to Subsection C below, and the
provider's compliance status for the calendar year shall be determined
pursuant to Subsection F below.

B. Alternative Conservation Program Flexibility Account

The Director shall determine if a large provider regulated under the Alternative 
Conservation Program is in compliance with its annual residential GPCD 
requirement through the maintenance of a nexibility account for the provider 
which shall operate as follows: 

1. Each large provider regulated under the Alternative Conservation Program
shall be assigned a nexibility account with a beginning balance to be
calculated by the Director based on the ending balance in the provider's
nexibility account while the provider was regulated under the Total Gallons
Per Capita Per Day Program.

2. At the end of each calendar year in which the provider delivers groundwater
for residential use, beginning with the calendar year agreed upon by the
Director and the provider, the Director shall adjust the provider's flexibility
account balance as follows:

a. Subtract the total gallons of water from any source, including effluent
only if it is recovered effluent, withdrawn, diverted or received and
delivered by the provider for residential use during the calendar year
from the amount of water the provider could legally withdraw, divert or
receive and deliver for residential use during the calendar year, as
calculated in Paragraph d below.

b. If the result in Paragraph a above is negative, debit the flexibility
account by this volume.

c. If the result in Paragraph a above is positive, credit the nexibility
account by this volume.

d. The amount of water which a large provider regulated under the
Alternative Conservation Program can legally withdraw, divert or
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receive and deliver for residential use during a calendar year is 
calculated by multiplying the provider's residential GPCD requirement 
for the calendar year by the provider's service area population for the 
year as calculated pursuant to Section 5-103.C, and then multiplying the 
product by the number of days in the calendar year. 

3. The balance in the provider's account to be carried forward to the fallowing 
calendar year shall be determined pursuant to Subsection C below, and the
provider's compliance status for the calendar year shall be determined
pursuant to Subsection F below.

C. AccoW1t Balance to be Carried Forward

The account balance existing in a large provider's nexibility account at the end 
of a calendar year, after the adjustment provided for in Subsection A or B is 
made, shall carry forward to the fallowing calendar year subject to the 
following limitations: 

1. If the account balance is a positive number and exceeds the maximum
positive account balance allowed in the provider's nexibility account for the
calendar year, as calculated in Subsection D below, the balance to be carried
forward shall equal the maximum positive account balance allowed in the
provider's nexibility account for that year.

2. If the account balance is a negative number and exceeds the maximum
negative account balance allowed in the provider's nexibility account for the
calendar year as calculated in Subsection E below, the balance to be carried
forward shall equal the maximum negative account balance allowed in the
provider's nexibility account for that calendar year or for the following
calendar year, whichever is less.

D. Maximum Positive Account Balance

The maximum positive account balance allowed in the nexibility account of a 
large provider regulated under the Total Gallons Per Capita Per Day Program 
shall be calculated by multiplying the provider's service area population for the 
calendar year by a GPCD rate of 30, and then multiplying that product by the 
number of days in the calendar year. The maximum positive account balance 
allowed in the nexibility account of a large provider regulated under the 
Alternative Conservation Program shall be calculated by multiplying the 
provider's service area population for the calendar year by a GPCD rate of 21, 
and then multiplying that product by the number of days in the calendar year. 

E. Maximum Negative Account Balance

The maximum negative account balance allowed in the nexibility account of a 
large provider regulated under the Total Gallons Per Capita Per Day Program 
shall be calculated by multiplying the provider's service area population for the 
calendar year by a GPCD rate of -10, and then multiplying that product by the 
number of days in the calendar year. The maximum negative account balance 
allowed in the nexibility account of a large provider regulated under the 
Alternative Conservation Program shall be calculated by multiplying the 
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provider's service area population for the calendar year by a GPCD rate of -7, 
and then multiplying that product by the number of days in the calendar year. 

F. Compliance Statu3

If an adjustment to a provider's nexibility account at the end of a calendar year
as provided for in Subsection A or B causes the account to have a negative
account balance which exceeds the maximum negative account balance allowed
in the provider's nexibility account for the year as calculated in Subsection E,
the provider shall be out of compliance for that calendar year in an amount of
water equal to the difference between the provider's nexibility account balance
and the maximum negative account balance allowed in the provider's account
for the year.

5-106. Conservation Requirements for Small Providers 

A. By January 1, 1992, or upon commencement of operation, whichever is later,
and until the first compliance date for any substitute requirements in the Third
Management Plan, each small provider shall adopt and implement a program to
achieve the fallowing goals:

1. Minimize waste of all water supplies.

2. Maximize efficiency in outdoor watering.

3. Encourage reuse of water supplies. 

4. Reduce its total GPCD usage.

B. A small provider shall comply with all individual user requirements, distribution
system requirements and applicable monitoring and reporting requirements as
described in Sections 5-111, 5-112 and 5-113.

5-107. Consolidation of Large Providers 

A. Notification

If two or more large providers consolidate, the merged provider shall notify the
Department of the merger within 30 days after consolidation of water services.

B. Re�lation of Merged Provider

Upon the consolidation of two large providers, the merged provider shall be
regulated under the Total GPCD Program described in Section 5-103, unless the
merged provider applies and is accepted for regulation under the Alternative
Conservation Program described in Section 5-104. For the calendar year of
merger, and for each calendar year thereafter until the first compliance date
for any substitute requirement in the Third Management Plan, a merged
provider regulated under the Total GPCD Program shall comply with the Total
GPCD Program requirements set forth in Section 5-103, except that the merged
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provider's first intermediate, second intermediate and final total GPCD 
requirements for the calendar years designated in Section 5-103.A shall be 
calculated pursuant to Subsection C below. A merged provider may ap ply for 
regulation under the Alternative Conservation Program in accordance with the 
procedures established in Section 5-104.A. If the merged provider is accepted 
for regulation u nder the Alternative Conservation Program, its annual 
residential GPCD requirement shall be calculated pursuant to Subsection D 
below. 

C. Calculation of Total GPCD Requirement

1. The Director shall calculate the merged provider's first intermediate total
GPCD requirement as follows:

a. Multiply each former large provider's first intermediate total GPCD
requirement as assigned in Ap pendix 5-A by each former large provider's
resp ective service area population as of July 1 of the calendar year of
merger, as calculated pursuant to Section 5-103.C.

b. Add the two products from paragrap h a above, and then divide the sum
by the sum of the former large providers' service area populations as of
July 1 of the calendar year of merger. The quotient is the merged
provider's first intermediate total GPCD requirement.

2. The Director shall calculate the merged provider's second intermediate total
GPCD requirement as follows:

a. Multiply each former large provider's second intermediate total GPCD
requirement as assigned in Ap pendix 5-A by each former large provider's
respective service area population as of July 1 of the calendar year of
merger, as calculated pursuant to Section 5-103.C.

b. Add the two products from paragrap h a above, and then divide the sum
by the sum of the former large providers' service area populations as of
July 1 of the calendar year of merger. The quotient is the merged
provider's second intermediate total GPCD requirement.

3. The Director shall calculate the merged provider's final total GPCD
requirement as fallows:

a. Multip ly each former large provider's final total GPCD requirement as
assigned in Ap pendix 5-A by each former large provider's respective
service area population as of July 1 of the calendar year of merger, as
calculated pursuant to Section 5-103.C.

b. Add the two products from paragrap h a above, and then divide the sum
by the su m of the former large providers' service area populations as of
July 1 of the calendar year of merger. The quotient is the merged
provider's final total GPCD requirement.
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D. Calculation of Alternative Co113en,ation Program Residential GPCD
Requirement

If a merged provider is accepted for regulation under the Alternative 
Conservation Program, the Director shall calculate the merged provider's 
residential GPCD requirement for each calendar year as follows: 

1. Multiply the GPCD rate for existing residential users assigned to each 
former large provider for the calendar year in Appendix 5-B by each former
large provider's respective existing 1990 service area population.

2. Add the products from 1 above, and then divide the sum by the sum of the
former large providers' existing 1990 service area populations. The result is
the merged provider's GPCD rate for existing residential users.

3. Multiply the GPCD rate for new single family users assigned to each former
large provider for the calendar year in Appendix 5-B by each former large
provider's respective new single family population as of July 1 of the
calendar year of merger, as calculated pursuant to Section 5-103.C.1
through 5 ••

4. Add the products from 3 above, and then divide the sum by the sum of the 
former large providers' new single family populations as of July 1 of the
calendar year of merger. The result is the merged provider's GPCD rate for
new single family users.

5. The merged providers' GPCD rate for new multifamily users is 74.

6. Multiply the merged provider's existing 1990 service area population by the
merged provider's GPCD rate for existing residential users as determined in 
2 above. Multiply the merged provider's new single family population as 
calculated pursuant to Section 5-103.C.1 through 5 by the merged provider's
GPCD rate for new single family users as determined in 4 above. Multiply
the merged provider's new multifamily population as determined pursuant to
Section 5-103.C.1 through 5 by the GPCD rate of 74. Add the three
products, and then divide the sum by the sum of the merged provider's
existing 1990 service area population, new single family population and new
multifamily population. The quotient is the merged provider's residential
GPCD requirement for the calendar year. 

E. Compliance with Total GPCD Requirement and Residential GPCD Requirement

The Director shall determine if a merged provider regulated under the Total
GPCD Program is in compliance with its total GPCD requirement, and whether
a merged provider regulated under the Alternative Conservation Program is in
compliance with its residential GPCD requirement, pursuant to the nexibility
account provisions in Section 5-105. The beginning balance of the nexibility
account of a merged provider regulated under the Total GPCD Program shall
equal the sum of the balances in the former large providers' nexibility accounts
at the time of the merger. For purposes of determining the merged provider's
compliance with its total GPCD requirement for the year of the merger, the
Director shall consider the total gallons of water from any source, including
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efnuent only if it is recovered efnuent, withdrawn, diverted or received by both 
former large providers and the merged provider for non-irrigation use during the 
calendar year. 

5-108. Con.,olidation of a Large and Small Provider 

A. Notification

If a large and small provider merge, the merged provider shall notify the 
Department of the merger within 30 days after consolidation of water services. 

B. Regulation of Merged Provider

Upon the consolidation of a large and small provider, the merged provider shall 
be regulated under the Total GPCD Program as described in Section 5-103, 
unless the merged provider applies and is accepted for regulation under the 
Alternative Conservation Program described in Section 5-104. For the calendar 
year of merger, and for each calendar year thereafter until the first compliance 
date for any substitute requirement in the Third Management Plan, a merged 
provider regulated under the Total GPCD Program shall comply with the Total 
GPCD Program requirements set forth in Section 5-103, except that the merged 
provider's first intermediate, second intermediate and final total GPCD 
requirements for the calendar years designated in Section 5-103.A shall be 
calculated pursuant to Subsection C below. The merged provider may apply for 
regulation under the Alternative Conservation Program in accordance with the 
procedures established in Section 5-104.A. If the merged provider is accepted 
for regulation under the Alternative Conservation Program, its annual 
residential GPCD requirement shall be calculated pursuant to Subsection D 
below. 

C. Calculation of Total GPCD Requirement

1. The Director shall calculate the merged provider's first intermediate total
GPCD requirement as follows:

a. Determine the total gallons of water from any source, including efnuent
only if it is recovered efnuent, withdrawn, diverted or received by the
former small provider for non-irrigation purposes during the calendar
year prior to the merger.

b. Determine the small provider's service area population as of July 1 of the
calendar year prior to the merger pursuant to the method described in
Section 5-103.C.

c. Divide the total gallons of water withdrawn, diverted or received by the
former small provider as calculated in paragraph a above by the farmer
small provider's service area population for the calendar year prior to the
merger as calculated in paragraph b above, and then divide the result by
the number of days in the calendar year prior to the merger. The
quotient is the former small provider's total GPCD usage for the
calendar year prior to the merger.
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d. Multiply the former large provider's first intermediate total GPCD
requirement as assigned in Ap pendix 5-A by its service area population as
of July 1 of the calendar year of the merger as calculated pursuant to
Section 5-103.C.

e. Multiply the former small provider's total GPCD usage for the calendar
year prior to the merger as calculated in Paragra ph c above by the
former small provider's service area population as of July 1 of the
calendar year of the merger as determined pursu ant to the method
described in Section 5-103.C.

f. Add the products calculated in Paragraphs d and e above, and then divide
the sum by the sum of  the former small and large providers' service area
populations as of July 1 of the calendar year of the merger. The result is
the merged provider's first intermediate total GPCD requirement.

2. The Director shall calculate the merged provider's second intermediate total
GPCD requirement as follows:

a. Multiply the former large provider's second intermediate total GPCD
requirement as assigned in Ap pendix 5-A by the former large provider's
service area population as of July 1 of the calendar year of the merger.

b. Multiply the former small provider's total GPCD usage for the calendar
year prior to the merger as calculated in 1.c above by the former small 
provider's service area population as of July 1 of the calendar year of the
merger.

c. Add the products calculated in Paragraphs a and b above, and then divide
the sum by the sum of the former small and large providers' service area
-populations as of July 1 of the calendar year of the merger. The result is

the merged provider's second intermediate total GPCD requirement. 

3. The Director shall calculate the merged provider's final total GPCD
requirement as follows:

a. Multiply the former large provider's final total GPCD requirement as
assigned in Ap pendix 5-A by the former large provider's service area
-population as of July 1 of the calendar year of the merger

b. Multiply the former small provider's total GPCD usage for the calendar
year prior to the merger as calculated in 1.c above by the former small
provider's service area population as of July 1 of the calendar year of  the
merger.

c. Add the products calculated in Paragra phs a and b above, and then divide
the sum by the sum of the former small and large providers' service area
-populations as of July 1 of the calendar year of the merger. The result is
the merged provider's final total GPCD requirement.
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D. Calculation of Alternative Comervation Program Residential GPCD
Requirement

The Director shall determine the annual residential GPCD requirement for a 
merged provider accepted for regulation under the Alternative Conservation 
Program in a manner consistent with the determination of a merged provider's 
residential GPCD requirement under Section 5-107.D, but modified as to the 
former small provider consistent with the determination of the merged 
provider's total GPCD requirement under Subsection C above. 

E. Compliance with Total GPCD Requirement and Residential GPCD Requirement

The Director shall determine if a merged provider regulated under the Total 
GPCD Program is in compliance with its total GPCD requirement, and whether 
a merged provider regulated under the Alternative Conservation Program is in 
compliance with its residential GPCD requirement, pursuant to the nexibility 
account provisions in Section 5-105. The beginning balance of the nexibility 
account of a merged provider regulated under the Total GPCD Program shall 
equal the balance in the former large provider's nexibility account at the time 
of the merger. For purposes of determining the merged provider's compliance 
with its total GPCD requirement for the year of the merger, the Director shall 
consider the total gallons of water from any source, including efnuent only if it 
is .recovered efnuent, withdrawn, diverted or received by the former large 
provider, the former small provider and the merged provider for non-irrigation 
use during the calendar year. 

5-109. Conservation Requirement:, for New Large Providers

A. Total GPCD Program

1. A new large provider shall be assigned to the Total GPCD Program and shall
comply with its total GPCD requirement no later than the sixth full calendar
year after commencing service as a new large provider, and for each
calendar year thereafter until the first compliance date for any substitute
requirement in the Third Management Plan.

2. A new large provider shall have a total GPCD requirement of 121 for each
year that it is regulated under the Total GPCD Program if more than five
percent of its deliveries of water during its first compliance year are to non
residential customers. If five percent or less of a new large provider's
deliveries of water are to non-residential customers during its first
compliance year, the provider's total GPCD requirement shall be 101 for
that calendar year and for each calendar year thereafter until more than
five percent of its deliveries of water during a calendar year are to non
residential customers, in which event the provider shall have a total GPCD
requirement of 121 for that calendar year and for each calendar year
thereafter.

3. The Director shall determine if a new large provider is in compliance with
its total GPCD requirement pursuant to the nexibility account provisions in
Section 5-105.
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B. Altemative Con,ervation Program

1. Application

A new large provider may apply for regulation under the Alternative
Conservation Program in accordance with Section 5-104.A.

2. Substitute groundwater use limitation requirement

A new large provider accepted into the Alternative Conservation Program is
exempt from complying with the groundwater use limitation requirement as
described in Section 5-104.B.1.a, but shall instead comply with the following
groundwater use limitation requirement:

a. Requirement

By a compliance date agreed upon by the Director and a new large
provider regulated under the Alternative Conservation Program, and for
each calendar year thereafter until the first compliance date for any
substitute requirement in the Third Management Plan, the new large
provider shall limit its annual use of groundwater withdrawn from within
the Tucson Active Management Area to no more than 50 percent of the
lesser of:

1) the total quantity of water from any source, including efnuent only if
it is recovered efnuent, withdrawn, diverted or received by the
provider during the calendar year, or

2) a quantity of water calculated by multiplying the provider's service
area population for the calendar year, as determined pursuant to
Section 5-103.C, by the GPCD rate of 121, and then multiplying that
product by the number of days in the calendar year.

The provider shall achieve this requirement by permanently extinguishing 
or causing to be permanently extinguished grandfathered rights to 
groundwater pursuant to Section 5-104 .B. l .b, or by substituting non
groundwater supplies or groundwater withdrawn from outside the Tucson 
Active Management Area for groundwater withdrawn from within the 
Tucson Active Management Area, or by a combination of these methods. 

b. Compliance With Groundwater Use Limitation Requirement

The Director shall determine whether a new large provider is in
compliance with its groundwater use limitation requirement in a calendar
year as follows: 

1) Add together the amount of annual credits received by the provider
for extinguishing grandfathered rights to groundwater, as determined
by the Director pursuant to Section 5-104.B.1.b.2).

2) Calculate the total volume of groundwater, in acre-feet, which the
new large provider withdrew, diverted or received during the calendar
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year from within the Tucson Active Management Area for use within 
the provider's service area. 

3) Subtract the sum calculated in 1) above from the volume calculated
in 2) above.

4) A new large provider is in compliance with its groundwater use
limitation requirement if the difference calculated in 3) above is no
more than 50 percent of the lesser of:

a) the total quantity of water from any source, including efnuent
only if it is recovered efnuent, withdrawn, diverted or received by
the provider during the calendar year, or 

b) a quantity of water calculated by multiplying the provider's
service area population for the year by the GPCD rate of 121, and
then multiplying that product by the number of days in the
calendar year.

3. Annual Residential GPCD Requirement

a. Requirement

A new large provider regulated under the Alternative Conservation
Program shall comply with a residential GPCD requirement for each
calendar year as described in Section 5-104.B.2.a.

b. Calculation of Annual Residential GPCD Requirement

The Director shall calculate the annual residential GPCD requirement
for a new large provider regulated under the Alternative
Conservation Program for each calendar year as follows:

1) Determine the large provider's new single family population and
new multifamily population in accordance with Section 5-103.C.1
through 5, unless the Director approves an alternative
methodology for calculating the large provider's new single family
population and new multifamily population prior to the calendar
year in question.

2) Multiply the provider's new single family population by the
residential GPCD rate of 88. Multiply the provider's new multi
family population by the residential GPCD rate of 74. Add the
two products, and then divide the sum by the sum of the provider's
new single family population and new multifamily population. The
quotient is the new large provider's residential GPCD requirement
for the given calendar year.

c. Compliance with Annual Residential GPCD Requirement

The Director shall determine if a new large provider regulated under
the Alternative Conservation Program is in compliance with its
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annual residential GPCD requirement pursuant to the flexibility 
account provisions in Section 5-105. 

d. Conditions for the Establishment of New Service

A new large provider shall impose conditions for the establishment of
service in accordance with the provisions of Section 5-104.B.3.a.

e. Non-residential Conservation Programs

A new large provider shall implement conservation programs for its
non-residential customers using less than five acre-feet of water per
year in accordance with Section 5-104.B.3.b.

5-110. Conserwtion Requirements for In:rtitutional Providers

A. The First Management Plan category of special provider is eliminated for the
Second Management Period.

B. If a large provider operates primarily for the purpose of serving water to
institutions, including prisons, hospitals, military installations, airparks and
schools, and supplies or expects to supply more than 90 percent of its total non
irrigation deliveries to one or more of these institutions, the provider may apply
to the Director at any time after January 1, 1990 for designation as an
institutional provider. The Director may deem a facility other than one of
those listed above as an institution if its water use characteristics are similar to
the types of institutions listed above.

C. A large provider which was a special provider under the First Management Plan,
and which wishes to be designated as an institutional provider under the Second
Management Plan, may submit an application to the Director for designation as
an institutional provider. The Director will evaluate the application in 
accordance with Subsection B above.

D. A large provider applying for designation as an institutional provider shall apply
on a form prescribed and furnished by the Director. The large provider shall
provide information of sufficient detail to allow the Director to evaluate the
provider's conservation potential and to establish appropriate conservation
requirements for the provider.

E. The Director may approve the application of a large provider to be designated
as an institutional provider if the provider meets the criteria in Subsection B
above, and does not qualify for the Alternative Conservation Program.

F. Each municipal provider designated as an institutional provider shall be assigned
mandatory conservation requirements and monitoring and reporting
requirements, including a maximum residential GPCD requirement and
appropriate conservation measures for non-residential uses. The institutional
provider shall comply with the assigned conservation requirements by the date
specified by the Director, and shall rema in in compliance with those
requirements for each calendar year thereafter until the first compliance date
for any substitute requirements in the Third Management Plan.
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5-111. Individual User Requirements for Municipal Providers and Individual Users 

A. Individual User Requirements

For the calendar year 1992, or upon commencement of service of water, 
whichever is later, and for each calendar year thereafter until the first 
compliance date for any substitute requirement in the Third Management Plan, 
the municipal provider or individual user responsible for compliance with the 
individual user requirements pursuant to Subsection B below shall: 

1. Serve water to, or use water within, a turf related facility on ly in
accordance with Sections 6-202 through 6-205 of the Industrial Chapter of
the Second Management Plan, and shall comply with the monitoring and
reporting requirements set forth in Section 6-206 of the Industrial Chapter,
as though the individual user were an industrial user. The person responsible
for compliance shall also comply with the requirements contained in
Sections 6-102, 6-105 and 6-106 of the Industrial Chapter, if applicable, as
though the individual user were an industrial user.

2. Serve or use water for the purpose of watering landscaping plants planted on
or after January 1, 1987 within any publicly owned right-of-way of a
highway, street, road, sidewalk, curb or shoulder which is used for travel in
any ordinary mode, including pedestrian travel, only if the plants are listed
in Appendix 5-D. The Director may waive this requirement upon request
from the municipal provider or individual user if a waiver of this
requirement is in the public interest. This requirement does not apply to any
portion of a residential lot that extends into a publicly owned right-of-way.

3. Serve water to, or use water within, a new large cooling user only if the
facility complies with all applicable conservation requirements contained in
Sections 6-102, 6-103 and 6-104 of the Industrial Chapter of the Second
Management Plan as though the facility were an industrial user. The person
responsible for compliance shall also comply with the applicable monitoring
and reporting requirements contained in Section 6-106 of the Industrial
Chapter as though the individual user were an industrial user.

B. Responsibility for Compliance with Individual User Requirements

1. A municipal provider shall be responsible for compliance with an individual
user requirement for an existing individual user unless the municipal
provider has identified the existing individual user to the Director on a form
provided by the Department and received by the Director no later than 90
days before the adoption of the Second Management Plan, as provided in
A.R.S. § 45-565.B.1.

2. A municipal provider shall be responsible for compliance with an individual
user requirement for a new individual user un less the municipal provider
identifies the new individual user to the Director on a form provided by the
Department and received by the Director either:

a. Within 90 days after the municipal provider begins serving water to the
new individual user, or
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2. A small provider shall not operate its distribution system in a manner such
that lost and unaccounted for water exceeds 15 percent of the total quantity
of water from any source, including efnuent only if it is recovered efnuent,
which is withdrawn, diverted or received by the small provider on an annual
or three-year average basis.

5-113. Monitoring and Reporting Requirements for Municipal Providers and Individual 
Users 

A. Except as provided for in Subsection B below, for the calendar year 1992, or for
the calendar year in which the provider commences operation, whichever is
later, and for each calendar year thereafter until the first compliance date for
any substitute requirement in the Third Management Plan:

1. A large provider shall separately measure and report in its annual report
required by A.R.S. §§ 45-468 and 45-632, the total quantity of water from
any source, including efnuent, delivered each month for: a) irrigation uses;
b) residential uses by category, including single family and multifamily; and
c) non-residential uses by category, including turf-related facility uses,
commercial uses, industrial uses, government uses, construction uses and
other uses.

2. A municipal provider shall report the following in its annual report required
by A.R.S. § 45-632:

a. The total quantity of water from any source, including efnuent only if it
is recovered efnuent, withdrawn, diverted or received by the provider
for non-irrigation use during the reporting year, as separately measured
with a measuring device in accordance with 5 below. If the municipal
provider withdraws, diverts or receives water during the reporting year
for both irrigation and non-irrigation use, the amount of water
withdrawn, diverted or received by the provider for non-irrigation use
shall be proportional to the amount of water delivered by the provider
for non-irrigation use during the reporting year.

b. The total quantity of water from any source, including efnuent,
withdrawn diverted or received by the provider for irrigation use during
the reporting year.

c. The number of single family housing units added to the provider's service
area from July 1 of the previous calendar year to July 1 of the reporting
year.

d. The number of multifamily housing units added to the provider's service
area from July 1 of the previous calendar year to July 1 of the reporting
year.

e. The total number of single family housing units and multifamily housing
units served by the provider as of July 1, 1990.
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f. The number of single family housing units and the number of multifamily
housing units added to the provider's service area between July 1, 1990
and July 1 of the reporting year.

g. The provider's total quantity of lost and unaccounted for water during
the calendar year.

h. The percentage of the total quantity of water from any source,
withdrawn, diverted or received by the provider during the calendar year
that is lost and un accounted for water.

3. No later than March 31 of each year, a large provider regulated under the
Alternative Conservation Program shall file with the Director, for the
previous calendar year:

a. a status report describing progress in implementing the provider's
programs proposed in its application, specifically including the provider's
proposed conservation plan and augmentation plan.

b. copies of all conservation plans the provider has received from customers
using more than five acre-feet of water. 

c. a list of new non-residential customers, excluding construction users,
with an aMual water use exceeding five acre-feet.

4. A large provider shall meter water deliveries to all service coMections on
its municipal distribution system, except connections to fire services,
dwelling units in individual multifamily units, mobile homes in a mobile
home park with a master meter and construction users.

5. A municipal provider shall make all water use measurements using
measuring devices in accordance with the Department's measuring device
rules, A.A.C. R12-15-901, et seq.

6. An individual user shall meet the monitoring and reporting requirements
prescribed in the Industrial Chapter as though the individual user were an
industrial user.

B. For the calendar years 1990 and 1991, an individual user that is a turf-related
facility shall comply with the monitoring and reporting requirements prescribed
in Appendix 5-C.
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A. INTRODUCTION

This chapter presents the Department of 
Water Resources' (Department) conser
vation program for non-irrigation water 
users that do not receive water from a 
city, town, or private water company. 

Industries in the Tucson AMA use 
groundwater primarily for landscape 
watering, processing, and cooling. Six 
industrial use categories account for the 
majority of industrial water use in the 
Active Management Area, and have sig
nificant water conservation potential. 
General industrial use requirements 
apply to water use characteristics 
common to all industrial users including 
a diverse collection of industries that 
are not addressed in the six primary 
categories. The Department has set 
specific conservation requirements for 
the second management period for the 
following industrial water users (listed 
in the order they appear in this chapter). 

• All Industrial Users

• Turf-Related Facilities

• Dairy Operations

• Cattle Feedlot Operations

• Sand and Gravel Facilities

• Metal Mining Facilities

• Electrical Power Plants

B. STATUTORY PROVISIONS

The Groundwater Code requires the 
management plan to include a program 
for industrial and municipal 
conservation. The Department must: 

"Establish additional conservation 
requirements for all non-irrigation 
uses of groundwater to be achieved 
by the end of the second manage
ment period and may establish 
intermediate conservation require
ments to be achieved at specified 
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intervals during the second 
management period •.•• For industrial 
uses including industrial uses within 
the exterior boundaries of the 
service area of a city, town, private 
water company or irrigation district, 
the program shall require the use of 
or establish conservation require
ments based on the use of the latest 
commercially available conservation 
technology consistent with 
reasonable economic return."(A.R.S. 
§ 45-565.A.2)

The Code defines an industrial use of 
water as "a non-irrigation use of water 
not supplied by a city, town or private 
water company, including animal 
industry use and expanded animal 
industry use." (A.R.S. § 45-561.2) 
Industrial facilities supplied by their 
own wells are classified as industrial 
users. 

C. CHARACTERISTICS OF INDUSTRIAL

WATER USE IN THE TUCSON AMA

Persons regulated as industrial users 
withdraw or receive groundwater pur
suant to a Type 1 or Type 2 non
irrigation grandfathered right or a 
groundwater withdrawal permit. 
Groundwater supplied to a commercial 
or industrial user by a city, town, or 
private water company is a "municipal" 
rather than an "industrial" use. The 
Municipal Conservation Program in 
Chapter 5, however, requires municipal 
providers to limit deliveries to turf 
facilities and other classes of non-
residential users that are similar in na
ture to those regulated in this chapter. 

Table 6-A indicates the types and 
amounts of rights held by industrial 
users in the Tucson AMA, and pumpage 
by those users in 1985. It is important 
to note that the actual annual pumpage 
is lower than the maximum allowable 
withdrawals in most categories. This is 
partially explained by the process used 
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TABLE 6-A 

INDUSTRIAL GROUNDWATER RIGHTS AND WITHDRAWAL SU�Y - 1985 

TUCSON AMA 

Number of Type 1 GFR Type 2 GFR Permit 1985 
Industrial Users/ A 11 otments Allotments Allotments Usage 
Water User Facilities (ac-ftLy__r} (ac-ftLy__r} (ac-ftLy__r} (ac-ft} 

Turf-Related1 29 509 10,222 363 7,184 
Metal Mining 4 11,617 48,645 1,613 36,010 
Sand & Gravel 12 0 11,700 2,767 4,189 
Electric Power 2 0 10,079 0 2,598 
Dairies 3 0 725 0 449 

Feedlots 1 0 28 0 21

Other Industrial 317 21,369 9,975 13,103 6,695 

TOTAL 368 33,495 91,374 17,846 57,146 

1 Includes only those turf-related facilities served with indu�· ictl rights 
as of December 31, 1985 (does not include those served by cities, towns or 
private water companies, or rights associated with City of Tucson well 
fields). 

to establish grandfathered rights. The 
Code generally requires that Type 2 
rights be based on the highest pumpage 
year between 1975 and 1980. Industrial 
production levels and, therefore, water 
use, fluctuate with varying economic 
conditions. Lower production accounts 
for reduced pumping by the metal 
mines, dairies, and cattle feedlots. 
Some industrial water users have ceased 
operations entirely, although they have 
retained their water rights. 

Industrial water use accounted for 20 
percent of the total pumpage in the 
Tucson AMA in 1985. 
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D. ALL INDUSTRIAL USERS

This section outlines conservation 
requirements for all industrial water 
users. Two of the types of industrial 
facilities regulated by this section are 
also regulated as non-residential users 
on municipal systems. The requirements 
detailed in this section apply whether or 
not an industrial facility is regulated 
under subsequent sections of this 
chapter. An industrial user, therefore, 
may have to comply with the require
ments in more than one section of this 
chapter. For example, an electrical 
power plant which has a new landscaped 
area exceeding l 0,000 square feet would 
need to meet the landscaping require
ments in this section, and would be 
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subject to regulation under Section J of 
this chapter which deals specifically 
with electrical power plants. This 
section also applies to certain facilities 
which, because of their small size, are 
excluded from regulation under the 
requirements detailed for specific 
industrial sectors. 

l. Water Use Characteristics

Conservation requirements in this
section are divided into three cate
gories: l) industrial uses, 2) cooling
towers, and 3) landscaping. Industrial
water use, other than that regulated
under subsequent sections of this
chapter, accounts for 1.5 to 20 percent
of the total groundwater withdrawals by
industries in the Tucson AMA. This
water use is primarily related to
cooling, landscaping, sanitary and
kitchen requirements, and water used in
industrial processes. Many types of
commercial and manufacturing water
uses are included in this category as
well as construction uses, nurseries,
stockwatering operations, and insti
tutional uses such as hospitals and
schools.

2. Conservation Potential

Because of the similarities between
most "industrial users" and non
residential users on municipal systems,
the two categories were combined for
an analysis of conservation potential.
The Department inventoried all non
residential water users who received
more than 20 acre-feet from municipal
systems and analyzed their conservation
potential. All Type l and Type 2
Grandfathered Rights and general
industrial use permit holders were also
reviewed. From the analysis, the
Department identified the following
general water uses for further study: 
heating and cooling, sanitary and
kitchen facilities, and commercial
landscaping. Most of the water used by
large non-residential users, such as
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health care facilities, resorts, 
restaurants, office buildings, shopping 
malls, laundries, and bottling plants, is 
included in these categories. In 
addition, the Department identified the 
following specific industries for further 
study: dairies, electronics plants, and 
turf facilities. Turf-related facilities 
and dairies are addressed in Sections E 
and F, respectively, in this chapter. 

a. Identification of Conservation Potential

The Department contracted with consul
tants to describe water use patterns and
to determine the conservation potential
in the landscaping, heating and cooling,
and sanitary and kitchen sectors. Site
visits, phone surveys, and an extensive
literature review were conducted to
develop a detailed assessment of water
use patterns. A report on the latest
commercially available conservation
technologies and practices for each
sector including a feasibility assessment
for each practice was also prepared.

From this information, the Department
determined that significant conservation
potential exists in the cooling and
commercial landscaping sectors. The
conservation potential associated with
sanitary and kitchen uses appeared to be
limited to the use of low-flow fixtures,
which are already required by ordinance
in most parts of the Tucson AMA.

In the electronics sector, the use of
water for electronics processing is
highly sophisticated and efficient. Most
of the potential water savings
associated with electronics plants is
associated with cooling and landscaping
conservation techniques.

b. Conservation Techniques

Water use patterns for industries are
extremely diverse and conservation
potential varies depending on the type
of use. Certain water-using activities,
however, are common to many



industries and can be easily managed to 
ensure conservative water use 
practices. The Department's evaluation 
of industrial water uses indicates that 
appreciable water conservation can be 
achieved through careful management 
of cooling towers and landscaped 
areas. The following are recommended 
techniques for achieving water 
conservation in these applications: 

• Reusing or recycling of water

• Avoiding single pass-through of water
used for cooling, unless the water is
reused

• Using low-flow plumbing devices

• Conducting employee water
conservation education programs

• Developing site-specific water
conservation plans for large facilities

1) Cooling Towers

Cooling towers are used for space
cooling in large malls, office
buildings, institutions, and manu
facturing operations. Water con
servation opportunities associated
with cooling tower operations are
limited to reducing the amount of
water which is ''blown down"
(replaced) from the tower to prevent
the accumulation of minerals and
other contaminants such as calcium
and silica in the recirculating
water. Water is periodically
replaced so that contaminants are
maintained at tolerable levels, and
damaging corrosion, scale, and
fouling are avoided.

Water losses for blowdown are
normally a direct function of the
concentration ratio. (refer to Section
J. I.a in this chapter for an explana
tion of "concentration ratio.") The
amount of blowdown decreases as
the concentration ratio increases.
However, replacement or "make-up"
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water sources in Arizona are 
relatively high in dissolved solids and 
hardness, both of which contribute to 
scale formation. When comparing 
the water use efficiency in cooling 
towers, cycles of concentration 
should not be the sole criterion 
because the quality of replacement 
water varies. 

The water use efficiency of most 
cooling towers could be increased by 
improved management. The 
installation of flow meters for 
replacement water and blowdown 
enables tower operators to adjust 
tower water consumption with tower 
performance. It should be noted that 
meters are not successful without 
continual operator attention. An 
additional advantage of metering 
replacement and blowdown water is 
the ability to determine water losses 
due to evaporation. 

Many cooling tower recirculating 
water systems release blowdown 
water automatically when the 
concentration of dissolved solids in 
the water reaches a pre-set level 
(this is known as "batch process"). In 
many cases, significant volumes of 
water are lost using this type of 
system. An alternative is to provide 
continuous blowdown and replace
ment flows, thus constantly 
maintaining the water quality at the 
desired level. The discharge of 
blowdown water and the addition of 
make-up water occurs when the 
sensing-system responds to changes 
in the electrical conductivity of 
circulating water. The cost of 
upgrading to this type of system is 
modest for most cooling towers. It 
has been estimated that 10 to 20 
percent of the total water used in 
large cooling towers can be saved by 
increasing the concentration ratio 
and converting to a continuous feed 
replacement/blowdown process. 
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2) Landscaping

Water use associated with land
scaping is directly related to the size
of the landscaped area, the types of
vegetation, and the efficiency of the
irrigation method used. Although
low water use residential landscaping
is common in Tucson, significant
water use is associated with the
landscaping of industrial parks and
large commercial and institutional
facilities.

A variety of sources were used to
assess the water savings associated
with water-efficient landscaping
designs. A consultant was hired to
determine the water savings and
costs associated with low water use
design alternatives. Based on the
results of the study, alternative
landscapes were designed to achieve
a visual effect similar to the effect
achieved using standard water
intensive designs.

The study indicated that significant
reductions in water use can be
achieved using the following
techniques:

• Improving water application ef
ficiency through proper irrigation
scheduling, use of more sophisti
cated control systems, conversion
to drip irrigation, and grouping
plants with similar water needs
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• Reducing the size and perimeter
of turfed areas and limiting their
placement to functional use areas
and areas of high visual impact

• Using drought-resistant plant
species adapted to the desert

• Using proper planting,
fertilization, and maintenance
techniques

• Grading sites to direct rainfall
into planted areas

• Avoiding the use of water
intensive plants within public
rights-of-way and at rest areas
thus emphasizing the community's
commitment to low water use
designs

Attractive landscapes can be 
maintained solely with rainfall, 
resulting in a 100 percent savings. 
However, a lush, colorful, low water 
use landscape, watered by a 
permanent drip irrigation system, is 
considered more desirable for 
commercial and industrial landscape 
applications. This type of landscape 
results in water savings of 50 to 75

percent of the amount used by a 
well-maintained turf (water
intensive) landscape. 
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Legally Enforceable Requirements 

3. Conservation Requirements for All Industrial Users

6-101. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the following words and phrases used in Sections 
6-101 through 6-106 of this chapter, unless the context otherwise requires, shall
have the following meanings:

1. "Industrial process water" means water which is used by an industrial user
in the creation or manufacture of a product, including water used for
sanitary waste disposal, but not water used for cooling and cleaning
purposes.

2. "Industrial use" means a non-irrigation use of water not supplied by a city,
town or private water company, including animal industry use and expanded
animal industry use.

3. "Industrial user" means a person who uses water for industrial uses.
Industrial users include new large landscape users and new large cooling
users.

4. "Landscapable area" means the entire area of a lot less any areas covered
by structures, parking lots or roads.

5. "Large-scale power plant" means an industrial user that produces or is
designed to produce more than 25 megawatts of electricity.

6. "New industrial user" means an industrial user that begins operation after
January 1, 1990.

7. "New large cooling user" means an industrial facility with a total cooling
tower capacity in excess of 250 tons that begins operation after January 1,
1990. A new large cooling user does not include a large-scale power plant
that utilizes cooling towers for dissipating heat.

8. "New large landscape user" means a non-residential facility that applies
water to a water-intensive landscaped area in excess of 10,000 square feet
which has either landscaping planted and maintained after January 1, 1990
or bodies of water, other than bodies of water used primarily for swimming
purposes, filled and maintained after January 1, 1990, or both. Schools,
parks, cemeteries, golf courses and common areas of housing developments
are excluded from this definition.

9. "Single pass cooling or heating" means the use of water without
recirculation to increase or decrease the temperature of equipment, a
stored liquid or a confined air space.

10. "Water-intensive landscaped area" means, for the calendar year in question,
an area of land that is watered with a permanent water application system
and planted primarily with plants not listed in Appendix 5-D, and the total
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water surf ace area of all bodies of water filled or refilled with water from 
any source, including efnuent, that are an integral part of the landscaped 
area. Bodies of water used primarily for swimming purposes are not an 
integral part of a landscaped area. 

6-102. Consel"\.'Otion Requirements for All Industrial Users 

Beginning January 1, 1992, or upon commencement of operation, whichever is 
later, and continuing thereafter until the first compliance date for any 
substitute requirement in the Third Management Plan, each industrial user shall: 

1. Avoid waste; use only the amount of water from any source, including
efnuent, reasonably required for each industrial use; and make diligent
efforts to recycle water;

2. Not use water for non-residential single-pass cooling or heating purposes
unless the water is reused for other purposes; and

3. Use low-now plumbing devices to the maximum extent feasible.

6-103. Additional Consel"\.'Otion Requirements for New Industrial Users 

A. All new industrial users with an annual industrial use exceeding 100 acre-feet of
water shall submit a water conservation plan to the Director in which the new
industrial user shall:

1. Specify the level of water conservation that can be achieved assuming the
use of the latest commercially available technology consistent with
reasonable economic return;

2. Identify water uses and conservation opportunities within the facility,
addressing water used for the following categories as appropriate:
landscaping; space cooling; process-related water use, including recycling;
and sanitary and kitchen uses;

3. Describe an ongoing water conservation education program for employees;
and

4. Include an implementation schedule.

B. If a new industrial user is required to submit a conservation plan under another
section of this Chapter, the new industrial user may combine that plan with the
plan required in Subsection A above and submit a single conservation plan to the
Director.
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6-104. Additional Conserwtion Requirements for New Large Cooling Users 

A. Con.seniation Requirement

For the first calendar year after commencing operation, and for each calendar 
year thereafter until the first compliance date for any substitute requirement in 
the Third Management Plan, a new large cooling user shall: 

1. Achieve a ratio of concentration that results in blowdown water being
discharged at an average annual minimum of 2000 milligrams per liter of
total dissolved solids (mg/l TDS);

2. Use non-groundwater make-up water sources where available and of suitable
quality; and

3. Develop and implement a water conservation plan which maximizes
efficiency of water use at the facility through conservation techniques and
management practices.

B. Exemption

The requirements listed in Subsection A.1 and 2 above are waived if the facility 
reuses 100 percent of its blowdown water. 

6-105. Additional Conserwtion Requirements for New Large Land3cape Users 

For the first calendar year of operation, and for each calendar year thereafter 
until the first compliance date for any substitute requirement in the Third 
Management Plan, all new large landscape users except hotels and motels shall 
limit their water-intensive landscaped area to no more than 20 percent of the 
landscapable area in excess of 10,000 square feet. New large landscape users 
that are hotels or motels shall limit their water-intensive landscaped area to no 
more than 20 percent of the landscapable area in excess of 20,000 square feet. 
This requirement is waived if the new large landscape user applies water which 
is 100 percent wastewater generated at the facility. 

6-106. Monitoring cmd Reporting Requirements 

A. New Large Cooling Users

Beginning with the calendar year 1992, or the calendar year in which operations 
commence, whichever is later, and for each calendar year thereafter until the 
first compliance date for any substitute requirement in the Third Management 
Plan, each new large cooling user, except as provided for in Subsection C below, 
shall measure with a measuring device in accordance with the Department's 
measuring device rules (A.A.C. Rl 2-15-901 et seq.), and report in its annual 
report required by A.R.S. § 45-632, the following: 

1. The quantity of water which was used for replacement ("make-up") water on
a monthly basis during the reporting year;
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2. The quantity of water which was blown down on a monthly basis during the 
reporting year; and

3. The average milligrams per liter of total dissolved solids in replacement and
blowdown water on a monthly basis during the reporting year.

B. All Industrial Users

Beginning with the calendar year 1992, or the calendar year in which operations 
commence, whichever is later, and for each calendar year thereafter until the 
first compliance date for any substitute requirement in the Third Management 
Plan, each industrial user, including a new large landscape user and a new large 
cooling user, shall, e:rcept as provided for in Subsection C below, report the 
following information in its annual report required by A.R.S. § 45-632: 

1. The quantity of water from any source, including efnuent, used for
industrial process purposes during the reporting year, as measured with a
measuring device in accordance with the Department's measuring device
rules. (A.A.C. R12-15-901 et seq.)

2. The quantity of water from any source, including efnuent, used for
landscape watering purposes during the reporting year, as measured with a
measuring device in accordance with the Department's measuring device
rules. (A.A.C. R12-15-901 et seq.)

3. The quantity of water from any source, including efnuent, used during the 
reporting year for purposes other than the purposes listed in 1 and 2 above,
as measured with a measuring device in accordance with the Department's
measuring device rules. (A.A.C. R12-15-901 et seq.)

4. An estimate of the quantity of wastewater generated during the reporting
year.

5. An estimate of the quantity of wastewater recycled during the reporting
year.

6. A description of the primary purposes for which water from any source,
including efnuent, is used.

C. Exemption

An industrial user that uses water pursuant to a Type 1 or Type 2 non-irrigation 
grand( athered right which is in the amount of ten acre-( eet or less per year, or 
a groundwater withdrawal permit which is in the amount of ten acre-feet or less 
per year, is e:rempt from the requirements set forth in Subsections A and B 
above, unless the industrial user holds more than one such right or permit in the 
aggregate amount of more than ten acre-( eet per year and withdraws more than 
ten acre-feet of water during the calendar year pursuant to those rights or 
permits from a single well. 
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E. TURF-RELATED FACILITIES

Turf-related facilities include municipal
and industrial users applying water to
ten or more acres of water-intensive
landscaped area in the following
categories: golf courses, parks and
recreational facilities, school grounds,
cemeteries, and common areas of
housing developments. In 1986, turf
related facilities in the Tucson AMA
used approximately 17,000 acre-feet of
water.

Turf watering is considered to be a non
irrigation use because "irrigation" as
defined in the Code includes only water
used to produce crops for sale or
consumption.

Turf-related facilities regulated in this
chapter obtain their groundwater pur
suant to Type 1 or Type 2 Grandfathered
Rights, or permits. In addition, a
significant number of turf-related
facilities are served by municipal
providers. Consequently, the turf
related facility conservation
requirements set forth in this chapter
are also applicable to facilities served
by municipal water providers through
provisions of the Municipal Conservation
Program (Chapter 5). Table 6-B
summarizes acreage and water use
information for turf-related facilities in
the Tucson AMA.

1. Turf-Related Facility Water Use
Patterns

a. Factors Determining Water Use

The most significant factors deter
mining water use are the number of
acres landscaped in turf, and other
water-intensive vegetation; the number
of acres of lakes; the water use
efficiency; and the type of facility.

The term "water use efficiency" refers
to the relationship between plant water
needs and the total amount applied.
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Turf-related watering is normally 
expressed in terms of acre-feet per acre 
per year. Application rates for 1986 in 
the Tucson area varied from 1.2 to 6.6 
acre-feet per acre per year. This wide 
range indicates that a broad spectrum of 
water use patterns exists within the turf 
industry in this area. 

There is a direct relationship between 
the number of turf acres and the water 
use of a facility. Turf-related facilities 
in the Tucson area included a total of 
4,084 acres of turf in 1986. This number 
could increase significantly during the 
second management period, however. 

There were 134 acres of lake surface 
area within turf-related facilities in 
1986. Water requirements for lakes are 
very high because evaporation from 
water bodies averages 5.8 acre-feet per 
acre per year. Unlined or improperly 
sealed lakes may have significantly 
higher water requirements because large 
quantities of water may be lost through 
seepage. 

The Department has assumed the use of 
the latest commerically available and 
economically feasible conservation 
technologies in setting the application 
rates for turf facilities, including: 
1) the use of weather-based water
application scheduling and water
budgeting; 2) accurate, well-designed
sprinkler heads, and computerized
control mechanisms; and 3) PVC lake
liners.

In developing the conservation require
ments for this plan, the Department has 
recognized that all turf-related 
facilities are faced with budget, soil, 
and weather constraints. Each facility 
type, however, has distinct charac
teristics affecting water use patterns 
and conservation potential. Water use 
efficiency may vary among facilities 
with similar acreage and vegetation due 
to differences in facility use, water 
application systems, and management 
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TABLE 6-B 

TURF-RELATED FACILITIES - 1986 

TUCSON AMA 

AVERAGE 

NU"'3ER OF TURFED LAKE APPLICATION WATER USE 

FACILITIES ACREAGE ACREAGE RATE-TURF 1986 

{ac-ftfacf.}'.r} {ac-ft} 

MUN1 IND2

Golf Courses 18 12 3,220 83 4.6 1 4,437 

Parks 17 3 533 50 3.6 1,723 

Cemeteries 0 4 148 0 5.2 772

Schools 2 7 183 0 3.3 613 

TOTALS 37 26 4,084 133 4.4 17,545 

Facilities served by municipal providers 1 

2 Facilities served by their own wells with non-irrigation grandfathered 
rights or general industrial use permits. 

practices. The following section 
summarizes the conditions that have 
been considered for each type of turf
related facility. 

b. Types of Turf-Related Facilities

l) Golf Courses

In 1986, there were 30 golf courses
in the Tucson AMA, including 12
turf-related f aci Ii ties served
primarily by their own wells. The
total turfed area associated with
golf courses was approximately 3,220
acres. Golf courses had about 83
acres of lake surface area. As of 
January l ,  1990, 33 golf courses
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were operating in the Tucson AMA. 
Nine of these were being watered 
primarily with effluent. The average 
application rate on golf courses in 
the Tucson AMA was 4.6 acre-feet 
per acre per year in 1 986. 

Golf courses include driving ranges, 
par-3 courses, and 9-, 18-, 27 -, and 
36-hole courses. The most frequent
ly used type of turf is common
bermuda grass, with hybrid bermuda
or bent grass used primarily on
greens. Most golf courses overseed
their greens with rye grass in the
winter unless they have bent grass
greens.
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Because the growing season of 
common bermuda is April through 
October, many public and resort
type golf courses overseed the 
fairways during the winter. There is 
a great deal of variability in over
seeding patterns on public and 
private courses. Some courses in the 
area prefer to avoid the expense and 
maintenance associated with over
seeding fairways, and many golfers 
appreciate the better playability of 
dormant bermuda grass. Other 
managers feel strongly that a lush 
green appearance in the wintertime 
is necessary to attract golfers to 
Arizona. Several facilities dye the 
dormant bermuda to give it a green 
appearance. Turf appearance is 
important for all golf courses, but 
resort courses and those associated 
with real estate developments must 
meet higher aesthetic standards in 
addition to maintaining playability 
during the winter. 

Golf course water application 
systems are often more sophisticated 
than those at other turf facilities. 
Most have a system with a control 
panel and field satellites that can 
override the central controller. The 
trend is toward computerized 
controllers and more flexibility in 
operating sprinkler heads. The 
newest systems incorporate weather 
stations to assist in scheduling water 
applications. Most courses apply 
water to greens and tees with spray 
heads, while larger turf areas are 
watered with large radius heads. 

2) Cemeteries

There were four cemeteries over l 0
acres in size in the Tucson AMA in
1986, with a total turfed area of 148
acres. There were no lakes, and
none of the cemeteries overseed in
the winter. Although the traditional
cemetery in this area has common
bermuda turf, two facilities are now
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expanding areas landscaped with low 
water use plants on drip irrigation 
systems. 

Cemeteries have several unique 
characteristics that affect water 
conservation potential. Cemeteries 
are developed in stages and are 
committed to maintaining grave 
sites in perpetuity in a manner 
acceptable to the public. Interment 
activities also cause problems in 
irrigation scheduling. Cemeteries 
promote an image of a quiet, cool 
resting place, so turf appearance is 
extremely important. Water 
requirements of cemeteries are 
similar to those of golf courses. 

A cemetery complex established in 
Tucson in 1981 has been landscaped 
exclusively with low water use 
plants. The facility has no turf or 
lakes and is watered by a drip 
irrigation system. Public reaction 
has been very favorable and the 
facility had expanded to about 100 
acres by 1989. 

The average water application rate 
for cemeteries in the Tucson AMA in 
1986 was 5.2 acre-feet per acre per 
year. This rate has subsequently 
reduced to below 5.0 acre-feet per 
acre per year. Because cemeteries 
are developed in sections, the water 
application system is installed as 
new areas are opened. The water 
application system in older areas is 
of ten quite different from the 
system in more recent! y developed 
sections. The result is of ten a 
complex control system that is 
difficult to manage, which may 
lower the water use efficiency. 
Most cemeteries use electro
mechanical controllers with a large 
number of heads on each controller. 
Large radius heads or raised spray 
heads are frequently used to allow 
watering around headstones. Several 
facilities are now working on 
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upgrading their systems and 
installing drip irrigation for trees 
and shrubs. 

3) Schools

In 1986, there were nine schools with 
over 10 acres of turf in the Tucson 
AMA. The total turfed area 
associated with these facilities was 
183 acres, and there were no lakes. 

The main function of turf in school
yards is to provide an appropriate 
surface for active play. Turf 
appearance is not as major a concern 
for schools and parks as it is for 
cemeteries and golf courses. School 
managers have determined that using 
low water application rates can save 
money without adversely impacting 
turf use. The average application 
rate_ for schools in the Tucson area is 
approximately 3.3 acre-feet per acre 
per year. No schools overseed their 
turf in winter, and common bermuda 
is the only species used. Turf quality 
for athletic fields tends to be higher 
than for the rest of the school yard. 

Water application systems at most 
schools are relatively inflexible. In 
older schools, outdated equipment, 
including quick coupler systems, is 
common. Newer facilities have in
place heads with manual or electro
mechanical control. Some schools 
have converted non-play areas to 
drip irrigation. Due to budget 
constraints, it is difficult for schools 
to install computerized controllers, 
and systems are frequently manually 
operated. 

4) Parks

There were 20 parks over l O acres in 
size in the Tucson AMA in l 986, 
including a total of 533 acres of turf 
and 50 acres of lake surface area. 
Like schools, water use for park turf 
is relatively low, averaging 3.6 acre-
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feet per acre per year. Parks having 
large lake areas have significantly 
higher water use rates. Many parks 
within the Tucson metropolitan area 
will use reclaimed water before the 
end of the second management 
period. As of January 1, 1990, six 
parks were being watered primarily 
with effluent. 

Public parks maintain turf for 
playing surfaces, for aesthetic 
reasons, and for erosion control. The 
Tucson Parks and Recreation 
Department overseeds only critical 
areas such as heavily used ball 
fields. Maintenance of public parks 
is usually done through a central 
office without on-site staff present 
on a daily basis. 

Although most parks have been built 
since 1970, many have water appli
cation systems requiring a high level 
of management. Large radius 
sprinkler heads are frequently used. 
New parks are installing better 
systems, including drip irrigation and 
controllers that have water
budgeting capacity. Vandalism is a 
significant problem, requiring 
specialized tamper-proof heads. 

2. Approach Used to Develop Conservation
Requirements

Development of the Second Management
Plan conservation requirements involved
extensive data collection regarding
water use patterns in Arizona and the
conservation options available to turf
facility managers. The Department
relied heavily on input from the Turf
Advisory Committees in the Tucson and
Phoenix areas. The advisory commit
tees include golf course and cemetery
superintendents, turf irrigation
specialists, extension agents, and golf
course designers.

The Department hired a consultant to 
analyze the water conservation 
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practices currently in use in the turf 
industry and the potential for future 
water conservation. The study 
evaluated technologies, including 
management practices and design 
alternatives, associated with water 
conservation. Information was collected 
during 90 phone surveys, 25 site visits, 
and an extensive literature review. A 
conservation practices menu was pro
duced which described and evaluated 
132 technologies, including management 
practices and design alternatives availa
ble to facility managers. 

The consultant and advisory committees 
concluded that a combination of good 
management and the latest irrigation 
technology was shown to be very 
effective in reducing water use. The 
use of specific irrigation technologies 
alone was not the primary determinant 
of efficient water use. 

Due to the widely varying characteris
tics of turf facilities identified by the 
consultant, the Department has chosen 
not to require specific conservation 
techniques. Instead, turf facilities are 
given a maximum annual water allot
ment based on the use of such 
techniques. The allotment approach 
allows the manager to consider the 
characteristics of the facility, evaluate 
the alternatives, and decide how to use 
the allotment most effectively, based on 
the facility's needs. For example, a golf 
course requiring a lush green appearance 
during the winter season may choose to 
deficit irrigate its bermuda grass during 
the summer to maximize the water 
available for winter overseeding. 
Another facility could emphasize the 
playability and easy maintenance of 
dormant bermuda, using its allotment to 
keep bermuda quality at its peak 
throughout the year. In setting the 
annual water allotments, the following 
information was considered. 

• Actual water use figures collected
from over 400 turf facilities regulated
under the First Management Plan
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• The consumptive use of the grass
species most frequently used

• Water application efficiency
achievable with currently available
technologies

• Evaporative losses from lakes based
on pond evaporation data

• Management practices and 
technologies currently in place

• Conservation potential associated
with additional technologies,
practices, and design alternatives

• Germination requirements for
establishing new turf

Based on these factors, the Department 
established an annual application rate 
requirement for turfed acres of 4.6 
acre-feet per acre per year for the year 
2000. Within the Tucson AMA, 100 
percent of the schools, 94 percent of the 
parks, and 58 percent of the golf courses 
achieved a water application rate for 
turfed acres lower than 4.6 acre-feet 
per acre per year in 1986. 

The Department encourages the use of 
effluent or poor quality water supplies 
and creative designs to reduce ground
water use. The conservation require
ments in this chapter provide incentives 
for effluent use and recognize that 
additional allotments may be needed to 
leach salts through the root zone or due 
to other technical problems. 

3. Turf Conservation Program Summary

a. Maximum Annual Water Allotment

The turf conservation program is based
on a maximum annual water allotment
for each facility. The allotment is
calculated differently for each type of
turf-related facility, but in most cases
there is a direct relationship between
the number of acres of turf and
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artificial lakes, and the size of the 
allotment. The total acreage of turf 
and lakes is multiplied by an acre-foot 
per acre rate to determine the 
allotment. 

Golf courses in the Tucson AMA 
currently account for 79 percent of the 
total turfed acreage and 84 percent of 
turf facility water use. The number of 
golf courses on a per capita basis has 
increased during the first management 
period. If this trend continues, golf 
course water use is projected to triple 
by 2025. In recognition of this signifi
cant growth potential, the Department 
has set a maximum annual water use cap 
for existing and new golf courses. For 
existing facilities, this limit will be 
based on historic acreage of turf, lakes, 
and low water use landscaping. The 
maximum annual allotments for existing 
golf courses are listed in Appendix 6-A. 

New golf courses will receive their 
allotment based on the same formula 
used for other turf facilities, up to a 
maximum water use cap of 23.8 acre
feet per hole. This cap is based on 5 
acres of turf and 0.14 acre of lake per 
hole. Five acres of turf at 4.6 acre-feet 
per acre plus 0.14 acre of lake at 5.8 
acre-feet per acre results in an 
allocation of 23.8 acre-feet per hole. 
All turf-related watering on new golf 
courses must stay within this allotment, 
including irrigation of low water use 
landscaping (except in the case of newly 
planted turf). The 0.14 acre per hole 
limitation for lakes is not appliable to 
lakes filled entirely with effluent. Such 
lakes will be given an allotment for 
their entire surface area. 

It should be noted that although the al
lotment is calculated on a per acre 
basis, the allotment may be used any
where on the facility at the discretion 
of the manager. Additions of acreage to 
existing or new facilities will not result 
in an increase in the maximum annual 
allotment unless new regulation golf 

152 

holes are added. If new holes are added, 
these will receive their allotment as if 
they were new facilities, with a maxi
mum of 23.8 acre-feet per hole (28.8 
acre-feet per hole in the year in which 
the holes were added). 

The allotment for schools, parks, and 
cemeteries will continue to be 
calculated using a formula in which turf 
acreage is multiplied by the appropriate 
application rate (see Table 6-C). The 
approach used for these facilities allows 
for the expansion of turfed area. 

b. Effluent Use Incentive

Effluent is the Tucson AMA's only
increasingly available water resource,
yet it is currently under-utilized.
Effluent is an ideal water source for
turf because of its nutrient
characteristics. Studies have shown
that as long as the turf manager takes
effluent's higher nutrient and soluble
salt content into account, high quality
turf can be grown.

In light of effluent's compatibility with
turf, an effluent use incentive has been
developed. While a facility's allotment
does not change, effluent is accounted
for at a reduced rate for the purpose of
determining compliance with the annual
allotment. A turf-related facility that
uses effluent to meet 50 to 89 percent
of its annual allotment or actual use
(whichever is less) shall have each acre
foot of effluent counted as 0.95 acre
foot of water. Each acre-foot of
effluent will be counted as 0. 90 acre
foot of water if the amount of effluent
used is equal to or greater than 90
percent of the facility's annual allot
ment or actual use (whichever is less).

c. Reduction of Turfed Acreage

Conservation requirements for the
second management period also provide
an incentive to reduce turfed acreage.
The annual water allotment for existing



INDUSTRIAL CONSERVATION PROGRAM 

TABLE 6-C 

APPLICATION RATES FOR TURF-RELATED FACILITIES 
TUCSON AMA 

(acre-feet per acre per calendar year) 

Application Rates - Turfed Acres Including Newly Turfed Area 

1992 - 1994 1995 - 1999 2 000-TMP2 

First Management Plan Existing Facilities 

First Management Plan New Facilities 

5.0 

4.8 

4.6 

4.8 

4.8 

4.6 New Turf-Related Facilities (SMP 1) 

All Facilities 

A 11 Faci 1 iti es 

All Facilities 

Additional Application Rate for Newly Turfed Area 

1992 - TMP 1

1.0 

Application Rate - Total Water Surface Area 

1992 - TMP 1

5.8 

Application Rate - Low Water Use Landscaped Area 

1992 - TMP 1

1. 5

Note: This table presents the same information as Table A in the legally 
enforceable requirements (Sections 6-201 through 6-2 08). 

1 Second Management Plan

4.6 

4.6 

4.6 

2 TMP means the first compliance date for any substitute requirement in the Third
Management Plan. 
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facilities is based on the maximum area 
of turf and lakes developed at each 
facility during the first management 
period. If turfed acreage is removed, 
the allotment does not decrease. 
Minimizing the size of newly turfed 
fairways through concepts such as 
"target golf," is encouraged by basing 
the water allotment on five acres of 
turf per hole for new courses. Schools, 
parks, cemeteries, and common areas of 
housing developments are encouraged to 
minimize the areas landscaped with 
water-intensive plants. 

d. Allotment for Low Water Use
Landscaping

Irrigated low water use vegetation is
of ten used to landscape parts of turf
facilities. An allotment of l.5 acre-feet
per acre will be given for low water use
vegetation for all turf-related facilities
as part of the maximum annual
allowed. All golf courses commencing
operation after December 26, 1984 must
not exceed the maximum per hole
allotment.

e. Allotment for Revegetation

A revegetation allotment may be
necessary if facilities turf-related want
to establish native or low water use
vegetation. An allotment of up to l.5

acre-feet per acre is allowed for a
maximum of three calendar years, after
which no additional allotment for the
same area will be made. The revegeta
tion allotment must be applied for by
the facility, with the quantity and
duration to be determined by the
Department.

f. Allotment for Lakes

The use of artificial lakes for regulatory
water storage is appropriate for large
turf facilities such as golf courses. The
Department's studies indicate that a
water supply for 3 to 5 days is adequate
in the event of well breakdowns or

154 

reductions in municipal water service. 
If lakes are properly lined, losses 
associated with lakes are limited to 
evaporation. 

Allotments for new 18-hole golf courses 
will include evaporative losses from up 
to 2.5 acres of lake surface area ( 14.5 
acre-feet). There is no limit on the 
actual area or volume of the lake, but 
evaporative losses for 2.5 acres are 
included in the allotment of 23.& acre
feet per hole. However, a turf-related 
facility may apply to the Department 
for an allocation to refill the lake. 
This refill allotment will only be allowed 
once and will be in a quantity deter
mined by the Director. New turf
related facilities may apply to the 
Department for a one-time allocation to 
fill lakes. The allotment will be equal 
to the volume of the lake. 

g. Intermediate Conservation Requirement

The Department has set intermediate
conservation requirements for 1992 and
1995 to ease the transition between
First Management Plan and Second
Management Plan requirements. The
purpose of the 1992 requirements for
turf-related facilities is to make
technical corrections in the First
Management Plan limits which apply
until the Second Management Plan
requirements become effective.
Because retrofitting is not required for
those turf-related facilities commencing
operation after January 1, 1990, their
intermediate requirements are the same
as their final requirements. The
application rates for 1992, 1995, and
2000 are shown in Table 6-C. This
allotment schedule reduces the
program's complexity by eliminating
different application rates for new and
existing facilities by the year 2000.
There is little justification for
continuing to allow higher application
rates for older facilities because proper
water management practices can
achieve low application rates even in
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the absence of new irrigation 
technology. In individual cases where 
this is not true, facilities may apply for 
a variance and an administrative review. 

h. Monitoring and Reporting Requirements

The Second Management Plan includes 
additional monitoring and reporting 
requirements for turf-related 
facilities. The Department intends to 
notice new turf-related facilities of 
their conservation requirements prior to 
commencement of operations. All turf
related facility water use will be 
assumed to be for landscape watering 
purposes unless non-landscape water is 
metered separately. If water for 
domestic uses at a park is not metered, 
it will count against the facility's 
allotment. This provision encourages 
facilities to install enough meters to 
ensure that turf-related watering is 
accurately reported. 

Facilities can request an administrative 
review if separate meters are not 
feasible. Delivery meters meet the 
Department's accuracy requirements if 
they meet American Water Works 
Association standards. 

1. Inclusion of Common Areas of Housing
Developments

During the first management period, no 
homeowners associations with lO or 
more acres of water-intensive land
scaping were identified in the Tucson 
AMA. However, in recent years, large 
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housing developments have been 
proposed that include large areas of 
water intensive landscaping in common 
areas. The maximum annual allotment 
provisions of this plan apply to the 
common areas of housing developments 
which have 10 or more acres of water 
intensive landscaping. 

J• Conservation Assistance Program 

A conservation plan will be required 
from all turf-related facilities built 
after 1984. A conservation assistance 
program will be developed to help the 
facility managers meet their water 
conservation requirements. The 
program may include the following 
elements: 

• Field assistance program providing
weather-based water appplication
scheduling, annual water budgeting,
and technical assistance regarding
conservation technologies and
practices

• Educational materials and
presentations to inform user groups

• Direct support for research resulting
in water conservation

• Awards program to recognize
outstanding conservation efforts
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4. Additional Conservation Requirements for Turf-Related Facilities

6-201. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the fallowing words and phrases used in Sections 
6-201 through 6-206 of this Chapter, unless the context otherwise requires, shall
have the fallowing meanings:

1. "Body of water" means a body of water or interconnected bodies of water
in an active management area, including a lake, pond, lagoon, or swimming
pool, that has a surface area greater than twelve thousand three hundred
and twenty square feet and that is filled or refilled primarily for landscape,
scenic, or recreational purposes. A body of water that is used incidentally
for landscape, scenic, or recreational purposes is deemed not to be filled or
refilled for landscape, scenic or recreational purposes.

2. "Common area" means a recreational or open space area or areas
maintained for the benefit of the residents of a housing development which
is owned and operated as a single integrated facility.

3. "Contiguous" means in contact at any point along a boundary, or part of the
same master planned community. Two parcels of land are contiguous even
if they are separated by one or more of the following: a road, easement or
right-of-way.

4. "Existing turf-related facility" means a turf-related facility that was either
in operation as of January 1, 1990, or substantially commenced as of
January 1, 1990, and includes any expanded or modified portion of such a
facility if the expansion or modification was substantially commenced as of
January 1, 1990 and increased the area of land within the facility to which
water is applied. An existing turf-related facility is also either a First
Management Plan existing facility or a First Management Plan new
facility, as those terms are defined in this Section.

5. "First Management Plan existing facility" means a turf-related facility that
was either in operation as of December 26, 1984, or substantially
commenced as of December 26, 1984, and includes any expanded or
modified portion of such a facility if the expansion or modification was
substantially commenced as of December 26, 1984 and increased the area
of land within the facility to which water is applied.

6. "First Management Plan new facility" means either:

a. An existing turf-related facility that was neither in operation as of
December 26, 1984 nor substantially commenced as of December 26,
1984, and includes any expanded or modified portion of such a facility if
the expansion or modification was substantially commenced as of
January 1, 1990 and increased the area of land within the facility to
which water is applied, or 
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Legally Enforceable Requirements 

b. An expanded or modified portion of a First Management Plan existing
facility if the expansion or modification increased the area of land
within the facility to which water is applied and was not substantially
commenced as of December 26, 1984, but was substantially commenced
as of January 1, 1990.

7. "Hole" means a component of a golf course consisting at a minimum of a
tee and a green. A driving range is not a hole.

8. "Landscape watering" means the application of water from any source,
including efnuent, by a turf-related facility to a water'-intensive
landscaped area, a low water use landscaped area and revegetation acres.

9. "Low water use landscaped area" means an area of land of at least one
acre, which is planted in identifiable areas of a turf-related facility,
watered by a permanent water application system and planted primarily
with plants listed in Appendix 5-D. The vegetative covering at maturity of 
a low water use landscaped area, as calculated by the Director, must cover
at least 50 percent of the area.

10. "New turf-related facility" means either:

a. A turf-related facility that was neither in operation as of January 1,
1990 nor substantially commenced as of January 1, 1990, or

b. An expanded or modified portion of an existing turf-related facility if
the expansion or modification was not substantially commenced as of
January 1, 1990 and increased the area of land within the facility to
which water is applied.

11. "Newly turfed area" means an area of and planted during the calendar year
in question with a grass species requiring additional water for germination
and establishment of the grass species. Newly turfed area does not include
an area covered with a grass species during the preceding calendar year
that has been overseeded or reseeded with a grass species during the
calendar year in question.

12. "Overseeded area" means an area of land planted during the calendar year
in question with a cool season grass species that grows over dormant warm
season grasses in the winter period.

13. "Revegetation acres" means acreage contiguous to a turf-related facility
that has been approved by the Director as qualifying for a revegetation
allotment adjustment.

14. "Substantially commenced as of December 26, 1984" means,  with regard to
the construction, expansion or modification of a turf-related facility, that
the owner or operator of the facility had obtained all pre-construction
permits and approvals required by federal, state or local governments for
the project by December 26, 1984, or had made a substantial capital
investment in the physical on-site construction of the project by December
26, 1984.
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15. "Substantially commenced as of January 1, 1990" means, with regard to the
construction, exJXInsion or modification of a turf-related facility, that the
owner or operator of the facility had obtained all pre-construction permits
and approvals required by federal, state or local governments for the
project by January 1, 1990, or had made a substantial capital investment in
the physical on-site construction of the project by January 1, 1990.

16. "Total operating facility area" means an area of land being used for
cemetery-related purposes, including any area of land covered by grave
markers or by cemetery-related buildings, walks, JXIthways and landscaping,
but not including roads, parking lots and any areas of land being held for
future exJXInsion of the cemetery.

17. "Total water surface area" means the total surface area of all bodies of
water that are an integral JXIrt of the water-intensive landscaped area of a
turf-related facility. Bodies of water used primarily for swimming
pur-poses are not an integral JXIrt of the water-intensive landscaped area of
a turf-related facility.

18. "Turfed acres" means an area of land within a turf-related facility that is
watered with a permanent water application system and planted primarily
with plants not listed in Appendix 5-D.

19. "Turf-related facility" means a school, park, cemetery, golf course or
common area of a housing development that applies water from any source,
including efnuent, to a water-intensive landscaped area of ten or more
acres, including, but not limited to, those facilities listed in Appendix 6-A.

20. "Water-intensive landscaped area" means, for the calendar year in question,
the area of land within a turf-related facility that is watered with a
permanent water application system and planted primarily with plants not
listed in Appendix 5-D, and the total water surface area of the facility.

6-202. Conservation Requirements for Existing Turf-Related Facilities

A. Maximum Annual Water Allotment

An existing turf-related facility shall comply with the following maximum
annual water allotment requirements for the years indicated:

1. For the calendar years 1992 through 1994, an existing turf-related facility
shall not use an amount of water for landscape watering purposes during
the calendar year which exceeds its maximum annual water allotment for
the year as calculated pursuant to Section 6-204 using the applicable
application rates for the year as specified in Table A.

2. For the calendar years 1995 through 1999, an existing turf-related facility
shall not use an amount of water for landscape watering purposes during
the calendar year which exceeds its maximum annual water allotment for
the year as calculated pursuant to Section 6-204 using the applicable
application rates for the year as specified in Table A.
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3. For the calendar year 2000, and for each calendar year thereafter until the
first compliance date for any substitute requirement in the Third
Management Plan, an existing turf-related facility shall not use an amount
of water for landscape watering purposes during the calendar year which 
exceeds its maximum annual water allotment for the year as calculated
pursuant to Section 6-204 using the applicable application rates for the
year as specified in Table A.

B. Compliance with Maximum Aro1Ual Water Allotment

An existing turf-related facility's compliance with its maximum annual water
allotment shall be determined pursuant to Section 6-205.

C. Conservation Plan for Fir.rt Management Plan New Facilities

A First Management Plan new facility shall maintain, until the first compliance
date for any applicable conservation requirement in the Third Management
Plan, the accurate and detailed description of conservation technologies,
including management practices, used by the facility in the delivery of water
for landscape watering purposes which was required to be prepared and
maintained under the First Management Plan.

�203. Conservation Requirements for New Turf-Related Facilities 

A. Maximum Annual Water Allotment 

Beginning with the calendar year 1992, or the first calendar year in which the
facility applies water to its water-intensive landscaped area, whichever occurs
later, and for each calendar year thereafter until the first compliance date for
any substitute requirement in the Third Management Plan, a new turf-related
facility shall not use an amount of water during the calendar year which
exceeds its maximum annual water allotment for the year as calculated
pursuant to Section 6-204 using the applicable application rates specified in
Table A. A new turf-related facility's compliance with its maximum annual
water allotment for a calendar year shall be determined pursuant to Section
6-205.

B. Conservation Plan

No later than si:r months after a new turf-related facility commences operation,
the facility shall prepare, and maintain until the first compliance date for any
substitute conservation requirement in the Third Management Plan, an accurate
and detailed description of the conservation technologies, including
management practices, that the facility uses in the delivery of water for 
landscape watering purposes.

C. Schools, Parks and Common Areas of Housing Developments

Upon commencement of operation, a new turf-related facility that is a school,
park or common area shall design, construct and maintain its grounds in such a
manner as to minimize the water-intensive landscaped area of the facility
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consistent with the use and enjoyment of the facility. As appropriate, the 
school, park or common area shall limit its water-intensive landscaped area 
used for recreation. 

D. Cemeteries

1. Except as provided in 2 below, on and after commencement of operation, a
new turf-related facility that is a cemetery shall not landscape more than 75
percent of its total operating facility area with plants not listed in Appendix
5-D.

2. The landscape restriction described in 1 above does not apply to either:

a. An expanded portion of a cemetery, if the cemetery qualifies as a First 
Management Plan existing facility and the expansion is onto contiguous
land owned by the cemetery as of December 26, 1984, or

b. A modified portion of a cemetery, if the cemetery qualifies as an
existing turf-related facility.

6-204. Calculation of Maximum Annual Water Allotment for Turf-Related Facilities

A. New and Eristing Turf-Related Facilities that are Not Golf Courses

1. The Director shall calculate the maximum annual water allotment for a new
turf-related facility that is not a golf course by determining the number of
acres in existence within the facility during the calendar year in each of the
categories listed in Table A, and then multiplying the number of acres in
each category by the applicable application rate for each category as set
forth in Table A. The sum of the products, plus any adjustments allowed
pursuant to Subsection E below, is the facility's maximum annual water
allotment for the calendar year.

2. The Director shall calculate the maximum annual water allotment for an
existing turf-related facility that is not a golf course, by determining the
highest number of acres which were in existence within the facility during
any one calendar year between 1980 and 1989 in each of the categories
listed in Table A, and then multiplying the number of acres in each category
by the applicable application rate for each category as set forth in Table
A. The sum of the products, plus any adjustments allowed pursuant to
Subsection E below, is the facility's maximum annual water allotment for
the calendar year.

B. Fir.rt Management Plan Eristing Facilities that are Golf Courses

The Director shall calculate the maximum annual water allotment for a First 
Management Plan existing facility that is a golf course by determining the 
highest number of acres in existence within the facility during any one calendar 
year between 1980 and 1989 in each of the categories listed in Table A, and 
then multiplying the number of acres in each category by the applicable 
application rate for each category as set forth in Table A. The sum of the 
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products, plus any adjustments allowed pursuant to Subsection E below, is the 
facility's maximum annual water allotment for the calendar year. 

C. First Mcmagement Plan New Facilities that are Golf Courses

The Director shall calculate the maximum annual water allotment for a First 
Management Plan new facility that is a golf course by determining the highest 
number of acres which were in existence within the facility during any one 
calendar year between 1985 and 1989 in each of the categories listed in Table 
A, and then multiplying the number of acres in each category by the applicable 
application rate for each category as set forth in Table A. The sum of the 
products, plus any adjustments allowed pursuant to Subsection E below, is the 
facility's maximum annual water allotment for the calendar year, subject to the 
following limitations: 

1. In determining the highest number of acres of total water surface area
which were in existence within the facility during any one calendar year
between 1985 and 1989, the total surface area of all bodies of water not
filled entirely with efnuent shall be limited to an area calculated by
multiplying the number of holes present within the facility during the year
by .14 acre per hole.

2. In no event shall the maximum annual water allotment for a First
Management Plan new facility that is a golf course exceed an amount
calculated by multiplying the number of holes present within the facility
during the year by 23.8 acre-feet of water per hole.

D. New Turf-Related Facilities that are Golf Courses

The Director shall calculate the maximum annual water allotment for a new
turf-related facility that is a golf course by determining the number of acres in

existence within the facility during the calendar year in each of the categories
listed in Table A, and then multiplying the number of acres in each category by
the applicable application rate for each category as set forth in Table A. The
sum of the products, plus any allotment adjustments allowed pursuant to
Subsection E below, is the facility's maximum annual water allotment for the
calendar year, subject to the following limitations:

1. In determining the number of acres of total water surface area in existence
within the facility during the year, the total surface area of all bodies of
water not filled entirely with efnuent shall be limited to an area calculated
by multiplying the number of holes present within the facility during the
year by .14 acre per hole.

2. In no event shall the maximum annual water allotment for a new turf
related facility that is a golf course, and within which no new holes were
added within newly turfed area during the year, exceed an amount
calculated by multiplying the number of holes present within the facility
during the year by 23.8 acre-feet of water per hole.

3. In no event shall the maximum annual water allotment for a new turf
related facility that is a golf course and within which one or more new holes
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w ere added within newly turfed area during the year exceed an amount 
calculated by multiplying the number of new holes added within newly turfed 
area during the year by 28.8 acre-feet of water per hole, then multiplying 
the number of all other holes present within the facility during the year by 
23.8 acre-feet of water per hole, and then adding the two products together. 

E. Allotment Adjustments

1. Revegetation Adjustment

A new turf-related facility may apply to the Director for an allotment
adjustment to revegetate disturbed areas around the facility. The Director
may allow up to an additional 1.5 acre-feet of water per revegetation acre
for up to three years if the fallowing conditions apply:

a. The plants which are planted within the revegetation acres are listed in
Appendix 5-D, or w ere adapted to natural site conditions prior to
construction;

b. The area to be irrigated exceeds one acre and can be distinguished as an
area of revegetation; and 

. c. The turf-related facility measures and reports all of the water applied to 
revegetation acres as part of the total water use of the facility. 

2. Body of Water Fill and Refill Adjustment

a. A new turf-related facility that is a recreational facility open to the
public and owned or operate d by the United States, this State, a city or
tow n, a nood control district established under Title 48, Chapter 21,
Arizona Revised Statutes, or a multi-county conservation district
established under Title 48, Chapter 22, Arizona Revised Statutes, may
apply to the Director in writing for a one-time body of water fill
allotment adjustment equal to the volume of water needed to fill any
bodies of water within the facility.

b. A new turf-related facility that is a golf course may apply to the
Director in writing for a one-time body of water fill allotment
adjustment equal to the volume of water used for regulatory storage
within the facility.

c. Any turf-related facility may apply to the Director in writing for a one
time body of water refill allotment adjustment in an amount determined
by the Director to be necessary to reduce water losses from the body of
water.

3. Efnuent Allotment Adjustment

For purposes of determining a turf-related facility's compliance with its
maximum annual water allotment, the Director shall count each acre-foot of
efnuent used by the facility for landscape watering purposes during the
calendar year as 0.95 acre-( oot of water if the total amount of efnuent used
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by the facility for landscape watering purposes during the year is between 50 
percent and 89 percent of either the facility's maximum annual water allot
ment for the year or the amount of water actually used by the facility for 
landscape watering purposes during the year, whichever is less. The 
Director shall count each acre-foot of efnuent used by the facility for 
landscape watering purposes during the year as 0.9 acre-foot of water if the 
total amount of efnuent used by the facility for landscape watering purposes 
during the year is equal to or greater than 90 percent of either the facility's 
maximum annual water allotment for the year or the amount of water 
actually used by the facility for landscape watering purposes during the 
year, whichever is less. 

4. Leaching Allotment Adjus tment

A turf-related facility may apply for an additional allotment for leaching 
purposes. If the Director approves an additional allotment for leaching 
purposes, the Director shall calculate the additional allotment as follows: 

Additional 
Leaching 
Allotment 

Where: 

cu 

= 

= 

= 

= 

1 

1-

- 1

X CU 

.85 

Electrical conductivity of water used 

Tolerance of the grass species grown to the soil 
salinity in electrical conductivity of the soil 
saturation extract 

Consumptive use requirement for the grass species 
grown 

F. Aggregated Allotments for Contiguous Facilities

Contiguous turf-related facilities under one ownership may aggregate the
maximum annual water allotments for the contiguous turf-related facilities, and
may apply all or a portion of the aggregated maximum water allotment to any
part of the contiguous facilities.

G. Nothing in this Section shall be construed to authorize a turf-related facility to
use more water from any source, including efnuent, than the facility is entitled
to use pursuant to any groundwater or appropriable water right held by the
facility. Nor shall this Section be construed to authorize a turf-related facility
to use water from any source, including efnuent, in any manner that violates
Chapter 1 or Chapter 2 of Title 45, Arizona Revised Statutes.
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6-205. Compliance with Maximum Annual Water Allotment 

A turf-related facility is in compliance with its maximum annual water 
allotment for a given calendar year if the Director determines that either of 
the following applies: 

1. The amount of water from any source, including efnuent, used by the
facility for landscape watering purposes during that calendar year does not
exceed the facility's maximum annual water allotment for the year, or

2. The amount of water from any source, including efnuent, used by the
facility for landscape watering purposes during that calendar year and the
preceding two calendar years does not exceed the sum of the maximum
annual water allotments for those three years.

6-206. Monitoring md Reporting Requirements

A. For the calendar year 1992, or the calendar year in which the facility
commences operation, whichever occurs later, and for each calendar year
thereafter until the first compliance date for any substitute requirement in the
Third Management Plan, a turf-related facility shall report in its annual report
required by A.R.S. § 45-632:

1. The total quantity of water by source, including efnuent, withdrawn,
diverted, or received by the facility during the reporting year for landscape
watering purposes, as measured with a measuring device in accordance with
the Department's measuring device rules. (A.A.C. R12-15-901 et seq.)

2. The number of acres of newly turfed area within the facility during the
reporting year.

3. The number of acres of total water surface area within the facility during
the reporting year.

4. The number of acres of revegetation acres within the facility during the
reporting year.

5. The number of acres of low water use landscaped area within the facility
during the reporting year.

6. The number of acres of turfed area within the facility during the reporting
year, not including newly turfed area.

7. The quantity of water used to fill or refill a body of water within the facility
during the reporting year.

8. The number of acres of overseeded area within the facility during the
reporting year.

9. If the facility is a golf course, the number of holes added within newly
turfed area during the reporting year.
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TABLE A 

APPLICATION RATES FOR TURF-RELATED FACILITIES 

(acre-feet per acre per calendar year) 

Application Rates - Turfed Acres Including Newly Turfed Area 

1992 - 1994 1995 - 1999 2000-TMP2 

First Management Plan 
Existing Facilities 5.0 4.8 

First Management Plan 
New Facilities 4.8 4.8 

New Turf Related 
Facilities (SMP 1 ) 4.6 4.6 

Additional Application Rate for Newly Turfed Area 

1992 - TMP1

All Facilities 

All Facilities 

1.0 

Application Rate - Total Water Surface Area 

1992 - TMP1

5.8 

Application Rate - Low Water Use Landscaped Area 

1992 - TMP1 

1.5 

1 Second Management Plan 

4.6 

4.6 

4.6 

2 TMP means the first compliance date for any substitute requirement in the 
Third Management Plan 
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B. A turf-related facility shall estimate and report in its annual report required by
A.R.S. § 45-632, the quantity of water from any source, including efnuent, used
for each purpose other than landscape watering purposes. Any water used by
the facility that is not measured separately from the water used for landscape
watering purposes shall be counted by the Director as water used by the facility
for landscape watering for purposes of calculating the facility's compliance with
its maximum annual water allotment.

C. Unless otherwise required, a single annual report shall be filed for an existing
turf-related facility and a new turf-related facility which are contiguous and
owned by the same owner. The annual report shall report water use and
landscaped areas of the combined operations of the existing and new turf
related facilities as required in Subsections A and B above.
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The dairy industry is a small industrial 
water use sector in the Tucson AMA. 
There are three dairies currently 
operating in the Tucson AMA, two 
located in the Cortaro/Marana area, and 
one south of Tucson. The total grand
fathered right water allotment for these 
dairies is 725 acre-feet. The actual 
annual water use is substantially less 
than this amount. 

Many of Arizona's large dairies are 
located in the Chandler/Gilbert area 
within the Phoenix AMA. However, due 
to rapid urbanization, relocation of 
these dairies elsewhere within the state 
is expected. 

To determine conservation requirements 
for dairy operations, the Department 
conducted a study to identify dairy 
water u�e patterns, processes, and 
associated water use. Several dairies 
were visited during the study. Experts 
from the University of Arizona reviewed 
and supplemented the study, and had 
significant input to the conservation 
requirements outlined in this section. 

1. Water Use Characteristics

The majority of water use at dairies
occurs in the following categories:
animal drinking needs and other uses
(including udder washing, barn clean-up,
and animal cooling).

a. Drinking Needs

A lactating cow drinks an average of 30
gallons of water per day, with some
seasonal variation. A replacement
animal or mature dry cow's drinking
requirements average 15 gallons per
day.
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b. Other Water Uses during the
Milking Cycle

At most dairies, the first step in the
milking cycle is moving the cows into a
holding pen, where the udders are
washed before milking. Irrigation
sprinklers are located in a grid pattern
on the floor of the pen and turned on to
wash the udders. The cows may be
cooled during udder washing to enhance
milk production. The animals are then
moved to the milking parlor for milking
and then returned to the corral area.
Each time the cycle is completed, the
holding pen and parlor areas must be
cleaned, milk lines washed, and manure
removed.

There are a number of dairy manage
ment decisions which affect water use.
For example, cows may be milked either
two or three times daily. Each time the
milking cycle is repeated, water is used
to wash the udders, clean the barn, and
at some dairies, cool the cows. Dairy
managers evaluate the benefits of
milking two or three times per day
based upon parlor and corral capacity,
milk yield, staffing, and other economic
factors. If economic factors and
facilities permit, most dairies will milk
three times daily. Approximately 30
percent of Arizona's dairies currently
milk three times per day.

Animal cooling to reduce heat stress and
enhance milk production is another
optional management practice. Cooling
may be done either in the holding pen
corral, at the parlor exit, or along the
fenceline feeding area, when
temperatures exceed &5 to 90 degrees
Fahrenheit. Approximately 30 percent
of Arizona dairies cool their cows during
some portion of the milking cycle. Most
dairy managers cool only the highest
producing cows or those that have
recently calved. Lactating cows are
of ten cooled at only one or two of the
possible locations. Cooling practices
have developed in Arizona over the past
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decade and are projected to increase 
during the next decade. 

The last dairy management practice 
which significantly affects water use is 
whether replacement animals are housed 
on or off-site. Dairies keep lactating 
and mature dry cows on-site at a ratio 
that remains relatively constant 
throughout the year, with some varia
tion due to weather. A separate, more 
variable management decision is 
whether replacement calves and heifers 
are raised on-site. Typically, if 
replacement animals are housed on-site, 
replacement animals plus the mature 
dry cows equal the number of lactating 
cows. Some dairy managers prefer to 
purchase replacement animals as needed 
or raise the animals in cooler climates 
until they near calving age. Approxi
mately 33 percent of Arizona dairies 
raise their replacement animals off-site. 

Both replacement animals' and mature 
dry cows' water needs are much less 
than those of lactating animals because 
their water use consists only of drinking 
water and minor clean-up use. 
Non-lactating animals such as horses 
were assumed to have the same 
requirements as replacement animals 
and mature dry cows. 

The amount of water required by a dairy 
depends upon the number of cows and 
non-lactating animals housed at a dairy, 
herd composition, and dairy manage
ment practices. Table 6-D summarizes 
daily water needs for each dairy 
process, assuming use of appropriate 
water conservation technology and 
practices. The water needs listed are 
based upon two assumptions: l) milking 
is done three times per day per lactating 
animal, and 2) cooling is done during 
the milking cycle for at least a portion 
of the herd. 

Total water use for lactating cows, 
assuming conservation, is 105 gallons 
per animal per day (GAD). Mature dry 
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cows, replacement animals and non
lactating animals require 20 GAD. 
Maximum annual water allotments for 
dairies during the second management 
period will be determined using these 
per animal water use means. A dairy 
operation must be in compliance with its 
maximum annual water allotment by 
2000. 

Upon application, the Department may 
approve an additional allocation of 
water for a dairy operation above its 
annual allotment if the dairy operation 
demonstrates that one or more of the 
following conditions exist: 

• Milking is being done more than three
times daily

• Technologies which are designed to
achieve industry health and sanitation
objectives, such as the recommended
pre-milking sanitation method, are 
being used

• Animal cooling technologies designed
to increase milk production are being
used

2. Water Conservation Potential

Two dairy industry practices hold signi
ficant water conservation potential: the 
udder washing process, and the practice 
of water recycling. 

The udder washing process has the 
greatest conservation potential of the 
dairy operations studied. The typical 
udder washing cycle consists of a one 
minute washing, three minute break, 
followed by a two minute washing. At 
many dairies, more water is used in the 
udder washing process during the 
summer months, though no increase is 
warranted for sanitation reasons. 
Summer water use can easily be reduced 
with little or no additional management 
or equipment costs. 
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TABLE 6-D 

DAIRY OPERATIONS: WATER USE AND CONSERVATION POTENTIAL 

TUCSON AMA 

TYPE OF USE 

Drinking needs 

Udder washing
based upon 72 
min/day at 8 GPM; 
16 cows per spray 
head. Varies w/no. 
of mil kings per 
day - assumes 
three milkings. 

Barn clean-up and 
sanitizing. Varies 
w/no. of milkings 
per day - assumes 
three milk i ngs. 

Animal cooling -
management option, 
site-specific 

Calf Barn - Clean-up 

Milk cooling tower 
(if present) 

Miscellaneous 
Total 

WATER USE 
(gallons per day) 

Lactating 
Animal 

30 

35 

20 

10 

0 

5 
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Replacement 
Animal 

15 

0 

0 

0 

5 

0 

CONSERVATION 
POTENTIAL 

Negligible 

Efficient 
mgmt. best 
conservation 
tool. Auto
matic timers 
effective if 
well-managed. 
Some recycling 
possible. 

Effective manage
ment conserves 
water in summer. 

Optional practice
leak detection 
program. 
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Some dairies have invested in automatic 
timers to manage the udder wash 
system. Timers reduce the potential for 
excessive manual washing, provided the 
timer is used appropriately. Proper 
management is the best way to control 
water waste, but the use of automatic 
timers can also result in significant 
water savings. 

Regular and frequent washing of the 
corral walkway areas reduces the 
potential for soiled udders and thus 
reduces wash water needs. This 
management practice is also easily 
implemented. 

Periods of extreme weather may 
influence dairy water use. Wet periods, 
resulting in muddy corrals, may require 
longer udder washing cycles or increased 
washing of corral walkways and milking 
areas. In consideration of wet weather, 
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the Department has included a three
year averaging provision in the 
maximum annual water allotments for 
the second management period. The 
water use of three consecutive years 
can be averaged and used to determine 
if the Second Management Plan allot
ment has been achieved. 

The second important water conserva
tion practice for dairies is recycling. 
Milk cooling using vacuum pumps 
produces discharged water which can be 
captured and used in the udder washing 
cycle. At some facilities, this water 
can be captured a second time and used 
to wash corral walkways. 

Recycling offers the dairy manager 
several benefits: lower water costs, less 
wastewater to dispose of, less free
standing water, drier conditions, and 
cleaner cows. Recycling should be 
evaluated and implemented wherever 
feasible in new dairies. 
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3. Additional Conservation Requirements for Dairy Operations

6-301. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the fallowing words and phrases used in Sections 6-
301 through 6-305 of this Chapter, unless the context otherwise requires, shall 
have the following meanings: 

1. "Calf" means a dairy animal ranging in age from one day to five months old.

2. "Dairy cow" means a dairy animal from which milk production is intended
for use or sale for human consumption, or a dairy animal that is kept for
raising replacement dairy animals.

3. "Dairy operation" means a dairy cow operation that houses an average of 100
or more lactating cows during a calendar year as calculated in Section 6-
302.B.1.

4. "Heifer" means a female dairy animal that has never calved.

5. "Lactating cow" means any cow that has calved at least once and is
producing milk.

6. "Mature dry cow" means any cow that has calved at least once and is not
prod.UC ing milk.

7. "Non-lactating animal" means a steer, horse or other large stock animal not
otherwise defined in this Section, that is present on-site at a dairy operation
and which is watered through the use of the dairy operation's watering
system.

8. "Replacement animals" means heifers and calves which are present on-site
at a dairy operation.

6-302. Conserwtion Requirements for Dairy Operations 

A. Maximum Annual Water Allotment

For the calendar year 2000, and for each calendar year thereafter until the first
compliance date for any substitute maximum annual water allotment
requirement in the Third Management Plan, a dairy operation shall not use
water during a calendar year in an amount which exceeds its maximum annual
water allotment for the year as calculated in Subsection B below.

B. Calculation of Maximum Annual Water Allotment

The Director shall determine a dairy operation's maximum annual water
allotment for a calendar year as follows:
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1. Calculate the number of lactating cows, mature dry cows, non-lactating
animals and replacement animals which are present at the dairy operation
during the calendar year. The Director shall calculate the number of
lactating cows, mature dry cows, non-lactating animals and replacement
animals as follows:

a. At the end of each month during the calendar year, determine the total
number of animals present at the dairy operation in each of the following
categories: lactating cows, mature dry cows, non-lactating animals and
replacement animals.

b. For each category of animal, add together the total number of such
animals present at the dairy operation on the last day of each month
during the year in question, and then divide the result by 12. The
quotient is the average daily number of lactating cows, mature dry cows,
non-lactating animals and replacement animals kept at the dairy
operation during the calendar year.

2. Calculate the dairy operation's maximum annual water allotment for the
drinking and sanitation needs of the operation for the calendar year in
question as follows:

a. Multiply the average daily number of lactating cows kept at the dairy
operation by the maximum annual water allotment of 105 gallons per
animal (GAD), and then convert to acre-( eet per year as follows:

CL X 105 GAD X d/yr
325,851 g/af 

= Maximum annual water allotment 
for lactating cows 

Where: C -

GXD: 
g/af = 
d/yr = 

(acre-( eet per year) 

Average daily number of lactating cows 
Gallons per animal per day 
Gallons per ac re-foot 
Days in the year 

The result is the dairy operation's maximum annual water allotment for 
lactating cows for the calendar year in question. 

b. Add together the average daily number of mature dry cows, non
lactating animals and replacement animals kept at the dairy site, then
multiply the sum by the maximum annual water allotment of 20 gallons
per animal per day (GAD), and then convert to ac re-( eet per year as
follows:

C
MNR 

X 20 GAD X d/yr
325,851 g/af 
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= Maximum annual water allotment 
for mature dry cows, non
lactating animals and 
replacement animals (acre-( eet 
per year) 



Where: CMNR

GAD 
g/af 
d/yr 
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= Average daily number of mature dry cows 
non-lactating animals and replacement animals 

= Gallons per animal per day 
= Gallons per acre-foot 
= Days per year 

The result is the dairy operation's maximum annual water allotment for mature 
dry cows, non-lactating animals and replacement animals for the calendar year in 
question. 

c. Add the dairy operation's maximum annual water allotment for mature dry
cows, non-lactating animals and replacement animals for the calendar year as
calculated in paragraph b above to the dairy operation's maximum annual
water allotment for lactating cows for the calendar year as calculated in
paragraph a above. The sum is the maximum annual water allotment for the
dairy operation for the calendar year in question.

3. Nothing in this Section shall be construed to authorize a dairy operation to use
more water from any source, including effluent, than the operation is entitled to
use pursuant to any groundwater or appropriable water right held by the
operation. Nor shall this Section be construed to authorize a dairy operation to
use water from any source, including efnuent, in any manner that violates
Chapter 1 or Chapter 2 of Title 45, Arizona Revised Statutes.

6-303. Compliance with Maximum Annual Water Allotment

A dairy operation is in compliance for a calendar year with its maximum annual 
water allotment if the Director determines that either of the following applies: 

1. The dairy operation's water use for that calendar year is equal to or less than
its maximum annual water allotment for the calendar year, or

2. The dairy operation's three-year average water use for that calendar year and
the preceding two calendar years is equal to or less than its three-year
average maximum annual water allotment for that calendar year and the
preceding two calendar years.

6-304. Alternative Conservation Program 

Upon application by a dairy operation, the Director may approve an additional 
allocation of water for the dairy operation consistent with industry health and

sanitation objectives if the dairy operation requires more than its maximum 
annual water allotment because the dairy operation milks more than three times 
daily; uses technologies which achieve industry health and sanitation objectives, 
such as the recommended pre-milking sanitation method; or uses technologies for 
cooling lactating cows which are designed to increase milk production. 
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6-305. Monitoring and Reporting Req_uirements 

For the calendar year 1992, or the calendar year in which the dairy commences 
operation, whichever is later, and for each calendar year thereafter until the 
first compliance date for any substitute monitoring and reporting requirements in 
the Third Management Plan, each dairy operation shall: 

1. Measure and report in its annual report required by A.R.S. § 45-632, the total
quantity of water from any source, including efnuent, withdrawn, diverted or
received during the reporting year for use by the dairy operation. The
measurements shall be made with a measuring device in accordance with the 
Department's measuring device rules. (A.A.C. R12-15-901 et seq.)

2. Estimate and report in its annual report required by A.R.S. § 45-632,
deliveries of water during the calendar year to any uses other than the dairy
operation from the well or wells which serve the dairy operation.

3. Calculate and report in its annual report required by A.R.S. § 45-632, the
total number of lactating cows, mature dry cows, non-lactating animals and
replacement animals which were present on-site at the dairy operation on the
last day of each month during the calendar year.
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Potential 
Institutional Provider 5 

Arizona State Prison 
Complex - Tucson 

Davis-Mon than AFB 
Evergreen Air Center 
University of Arizona 
VA Medical Center 

ERRATA SHEET 

APPENDIX 5-B (cont.) 

First Intermediate 
FCD1 -1999 

Existing Ne! Ne!
SF MF 

1 3 l1 88 74 
11 2 89 74 

89 74 
74 89 74 

89 74 

Final 
2000-TMP 2 

Existing New 
SF 

1 34 88 
108 89 

89 
74 89 

89 

1 First compliance date as agreed upon by the Director and the 
provider. 

New 
MF 

74 
74 
74 
74 
74 

2 First compliance date for any total or residential GPCD requirement
under the Third Management Plan. 

3 New single family residential rate. Variation due to differences
among service area persons per dwelling unit values. Pima County 
average SF pphu value used for providers with no existing SF 
housing. 

4 New multifamily residential rate.

5 Eligible providers must apply for institutional provider status 
pursuant to Section 5 -110. 

Note: A dash (-) indicates that the data necessary to calculate 
values was not available. 
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TABLE 5-D 

TUCSON AMA: BASE YEAR LARGE PROVIDER WATER USE DATA
1 

Total Int Ext Non 

Total FMP Total Res Res Res Res 

Use4 Target5 Use4 Use6 Use6 Use6 Use7 Lost8 

Provider (AF) Population (GPCD) (GPCD) (GPCD) (GPCD) (GPCD) (GPCD) (%) 

ADOC Wi l{llot Prison 155 531 292 193 

Arizona WC 265 3,488 140 68 52 39 13 9 10 

Avra Water Co-op 258 2,068 140 111 102 62 40 0 9 

Beznos Management2 284 910 154 278 278 140 138 0 

Canada Hi I Is wc2 1,953 4,528 SP 385 105 58 47 259 6 

Citizens - Rio Rico 415 1,606 201 231 120 84 36 107 2 

Citizens - Tubae Valley 169 798 180 190 148 80 68 34 4 

City of Nogales 2,821 14,398 183 183 117 80 37 45 8 

City of Tucson 90,285 499,850 155 161 104 72 32 41 11 

Community WC of GV 1,579 10,675 143 132 101 74 27 21 7 

Cortaro Wtr Users Assn2 
659 1,313 195 448 101 65 36 342 1 

Davls-Monthan AFB2 
2,264 6,800 SP 297 86 71 15 211 

E & T WC 86 631 140 121 116 66 50 0 4 

Evergreen Air Center 117 0 SP 

Far Horizons East 190 749 161 226 226 138 88 0 

Farmers WC3 169 365 SP 414 283 128 155 116 4 

Flowing Wei Is ID 2,709 16,179 183 150 117 71 46 30 1 

Forty-Niner wc
2 

658 676 545 869 268 123 145 587 2 

Green Va 11 ey WC 1,226 1,990 SP 550 100 83 17 438 2 

Halcyon Acres WUA 104 209 375 444 444 162 282 0 

Hub WC 790 4,065 154 173 162 95 67 6 3 

K & v wc
2 138 963 190 128 119 65 54 6 2 

Lago Del Oro wc
3 

259 1,685 140 137 116 75 41 7 10 

Lakewood WC 108 663 152 145 110 62 48 9 18 

Las Quintas Serenas WC 191 1,076 177 159 131 77 54 20 5 

Los Cerros wc2 130 667 140 175 102 71 31 0 42 

Marana Water Service 261 2,030 156 115 113 56 57 0 1 

Metropolitan wc
2 

6,160 27,568 191 199 163 104 59 26 5 

New Pueblo WC 84 598 140 125 92 69 23 30 2 

Rancho Vistoso wc
3 1,222 4, 480 SP 244 113 61 52 108 9 

Ray WC 586 3,592 149 146 103 68 35 24 13 

Town & Country Estates2 108 795 121 121 121 81 40 0 

Town & Country Terrace 146 770 140 169 169 103 66 0 

Tucson Meadows MHP 95 641 140 133 133 99 34 0 

University of Arizona 1,765 5,721 SP 275 71 204 10 

Val le Verde WC 241 1,613 140 133 99 78 21 11 17 

VA Medical Center 222 53 SP 3,744 

Vista Del Norte MHP2 189 849 140 198 198 88 110 0 

Winterhaven W & D Co. 283 837 333 301 301 113 188 0 

TOTALS/AVERAGES 119,304 626,430 153 170 108 74 35 43 11 

1 1985 unless noted otherwise. 5 First Management Plan target. 
2 1986 base year. 6 Residential use: tot a I, interior and exterior. 
3 1987 base year. 7 Non-residential use.
4 Al I water pumped, diverted or received. 8 Lost and unaccounted for water. 

Effluent and deliveries to other service area SP Special Provider status.

or Irrigation Grandfathered Rights not included. - Delivery data necessary to calculate values 

was not available. 

96 



G. CATTLE FEEDLOT OPERATIONS

Cattle feedlots are a small industrial 
water use in the Tucson AMA. There is 
one grandfathered right associated with 
cattle feedlot operations in the Tucson 
AMA. This right has an allotment of 28 
acre-feet of groundwater per year. 
There is a potential for increased water 
use with the existing cattle feedlot and 
new cattle feedlot operations. In the 
event that an increase in the feedlot 
industry occurs, conservation require
ments established by this management 
plan will be implemented. 

1. Water Use Characteristics

The conservation requirements for 
cattle feedlot operations outlined in this 
management plan include a maximum 
annual water allotment for each facility 
based on the use of specific conserva
tion techniques. During the preparation 
of the First Management Plan, research 
was conducted to determine the 
maximum annual water allotment for a 
feedlot. An equation was developed to 
determine a reasonable water allocation 
for cattle feedlots. Research was 
conducted in the Pinal AMA, since the 
majority of feedlot owners and 
operators were located there. A review
of the findings were made by feedlot
representatives. In addition, the
University of Arizona College of
Agriculture and W .F. Welchert, an
expert on cattle feedlot operations,
verified that the equation allocates a
reasonable amount of water to cattle
feedlots.

The equation is based on the number of 
gal Ions of water reasonably required per 
animal per day (GAD). To determine 
this amount, three components of cattle 
feedlot water use were considered: 
1) cattle drinking water requirements,
2) dust control watering requirements,
and 3) other uses. The amount of water
required for each component varies with
the number of cattle processed by the
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feedlot. Cattle drinking water require
ments include water intake, water 
spilled while drinking, and evaporation 
losses from watering tanks. Drinking 
water requirements are estimated to be 
15 GAD. Dust control watering requires 
approximately 10 GAD. Other uses, 
including water used for feed mixing, 
health and environmental controls, and 
fire protection total to 5 GAD. Total 
water requirements for a cattle feedlot 
operation are 30 GAD (0.034 acre-feet 
per animal per year). 

2. Conservation Potential

The only water use process having a 
significant conservation potential is dust 
control watering. Cattle feedlots con
trol dust by applying water to the land 
surface using either a mobile tank and a 
large gun sprinkler, portable water lines 
with small nozzles, or a permanently 
installed sprinkler system. Each of 
these methods provides satisfactory dust 
control if water coverage is adequate 
and enough water is applied. Overall 
management of the system is the most 
important factor in efficient dust 
control watering. Cattle feedlots are 
able to conserve water by using proper 
management techniques for their dust 
control water systems. Proper 
management techniques include the 
removal of excess manure to less than 
two inches in depth and increasing the 
number of cattle per pen to increase pen 
moisture. Dust can also be controlled 
by utilizing a durable surface on roads 
between pens and in other areas of the 
facility. These management practices 
reduce dust, thereby reducing the need 
to apply water. 

Conservation potential also exists in the 
areas of landscape watering and water 
system losses. Because most cattle 
feedlot operations are already using a 
float control system, the latest avail
able conservation technology for cattle 
drinking water systems, no significant 
water savings can be achieved in this 
area. 
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3. Additional Conservation Requirements for Cattle Feedlot Operations

6-401. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the following words and phrases used in Sections 
6-401 through 6-403 of this Chapter, unless the context otherwise requires, shall
have the following meanings:

1. "Beef cattle" means cattle or calves fed primarily for meat prod uction.

2. "Cattle feedlot operation" means a beef cattle feedlot or f eedyard that
feeds 100 or more beef cattle during the applicable calendar year.

6-402. Conservation Requirements for Cattle Feedlot Operations 

A. Maximum Annual Water Allotment

For the calendar year 2000, and for each calendar year thereafter until the first
compliance date for any substitute maximum annual water allotment
requirement in the Third Management Plan, a cattle feedlot operation shall not
use water during a calendar year in an amount which exceeds its maximum
annual water allotment for the year as calculated pursuant to Subsection B
below.

B. Calculation of Maxi.mum Annual Water Allotment

The Director shall determine a cattle feedlot operation's maximum annual
water allotment for a calendar year as follows:

1. Calculate the average daily number of beef cattle kept at the cattle feedlot
operation during the calendar year in question as follows:

a. Determine the total number of beef cattle present at the cattle feedlot
operation on the last day of each month during the calendar year.

b. Add together the total number of beef cattle present at the cattle
feedlot operation on the last day of each month during the calendar year
in question, and then divide the sum by 12. The quotient is the average
daily number of beef cattle kept at the cattle feedlot operation during
the calendar year.

2. Multiply the average daily number of beef cattle kept at the cattle feedlot
operation during the calendar year by the water allotment of 30 gallons per
animal per day (CAD), and then convert to acre-{ eet per year as follows:
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X 30 GAD CB 325,851 g/af 
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X d/yr = Maximum annual water 
allotment for the cattle 
feedlot operation. 
(acre-feet/year) 

Where: c8 = Average daily number of beef cattle
kept at the cattle feedlot operation 

GAD = Gallons per animal per day 
g/af = Gallons per acre-foot 
d/yr = Days in the year 

C. Compliance with Maximum Annual Water Allotment

A cattle feedlot operation is in compliance with its maximum annual water 
allotment for the year if the Director determines that either of the following 
applies: 

1. The water use by the cattle feedlot operation for that calendar year is equal
to or less than the operation's maximum annual water allotment for the
calendar year, or

2. The three-year average water use by the cattle feedlot operation for that
calendar year and the preceding two calendar years is equal to or less than
the operation's three-year average maximum annual water allotment for
that calendar year and the two preceding calendar years.

D. Nothing in this Section shall be construed to authorize a cattle feedlot
operation to use more water from any source, including efnuent, than the
operation is entitled to use pursuant to any groundwater or appropriable water
right held by the operation. Nor shall this Section be construed to authorize a
cattle feedlot operation to use water from any source, including efnuent, in any
manner that violates Chapter 1 or Chapter 2 of  Title 45, Arizona Revised
Statutes.

6-403. Monitoring and Reporting Requirements 

For the calendar year 1992, or the calendar year in which operations first 
commence, whichever occurs later, and for each calendar year thereafter until 
the first compliance date for any substitute requirement in the Third 
Management Plan, a cattle feedlot operation shall: 

1. Measure and report in its annual reports required by A.R.S. § 45-632, the
total quantity of water from any source, including efnuent, withdrawn,
diverted or received during the reporting year for use by the cattle feedlot
operation. The measurements shall be made with a measuring device in
a ccordance with the Department's measuring device rules. (A.A.C.
R12-15-901 et seq.)

2. Calculate and report in its annual reports required by A. R.S. § 4 5-632 the
total number of beef cattle present at the cattle feedlot operation on the
last day of each month during the calendar year.
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H. SAND AND GRAVEL FACILITIES

Although sand and gravel facilities in
the Tucson AMA currently hold rights to
withdraw over 14,000 acre-feet of
groundwater annually, total withdrawals
of approximately 4,000 acre-feet per 
year were reported during 1985 and 
l 986. Because the production of
construction materials in the Tucson
AMA is expected to increase steadily in 
response to the area's rapid population
growth, it is necessary to address water
use characteristics and conservation
requirements for sand and gravel
faci Ii ties.

l. Water Use Characteristics

Sand and gravel facilities mine uncon
solidated stream deposits to produce
construction materials. The mine d
material or aggregate must be sorted
according to grain size and washed to
remove fine-grained particles. This
aggregate washing accounts for the bulk
of water use by sand and gravel facili
ties. In addition to using water for
washing material, water is used I) to
produce ready-mix concrete, bricks,
blocks, and asphalt; 2) to control dust,
3) to wash vehicles and equipment, and
4) for domestic purposes. Figure 6-A
illustrates typical water flow for a sand
and gravel facility.

2. Water Conservation Potential

Most sand and gravel facilities recycle
wash water using excavated pits called
disposal ponds. Sediment-laden wash
water is pumped or diverted into a
disposal pond or series of ponds where 
sediment is allowed to settle out. After 
clarification, the water is recycled to
the plant and used to wash more
material. The recycled water can also
be pumped from the pond for dust
control, truck washing, or other clean
up activities.
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An alternative method of recycling wash 
water is the use of mechanical devices 
called clarifiers. A clarifier is an 
apparatus which facilitates the settling 
of solids without creating the need for a 
large disposal pond. Chemical floccu
lants are usually used in conjunction 
with clarifiers to further enhance the 
removal of solid particles from the wash 
water. The use of clarifiers is more 
water-efficient than the use of disposal 
ponds, but mechanical clarifiers are 
very expensive and may not, in some 
situations, eliminate the need for a 
disposal pond. Clarifiers are used by 
a small number of sand and grave I 
operations to meet specific water 
recycling needs. 

Recycled water is not used for mixing 
concrete because using lower quality 
water in the mixture may result in a 
product of inferior strength and 
quality. However, aggregate used in the 
concrete can be washed with lower 
quality water without affecting con
crete strength. The water conservation 
potential for sand and gravel facilities 
varies because of differences in geology, 
availability and cost of land and water, 
product demand and price, and other 
factors. It may, therefore, be 
economically feasible to use the latest 
commercially available conservation 
technology at some facilities but not at 
others. 

3. Summary of Conservation Requirements

a. Recycling of Wash Water

A requirement to recycle wash water
using disposal ponds or clarifiers was set
forth in the First Management Plan.
This requirement ensures that sand and
gravel facilities reduce their primary
water use. The First Management Plan
requirements will be carried over into
the second management period because
they improve water use efficiency and
can be applied at all sand and gravel
facilities.
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FIGURE 6-A 

DIAGRAM OF WATER FLOW 

IN A TYPICAL SAND & GRAVEL FACILITY 

POTABLE USES 

WELLS 

POND 

OR 

CLARIFIER 

EVAPORATION 

AND 

SEEPAGE 

CONCRETE MIX 

Sand and gravel facility managers can 
achieve the greatest water savings by 
utilizing the most appropriate conser
vation methods for their facility. Some 
facilities may be able to decrease the 
disposal pond surface area. Others may 
find it economical to use clarifiers. In 
order to identify the most economical 
conservation methods for each facility, 
sand and gravel producers will be required 
during the second management period to 
evaluate specific water-saving methods 
and submit to the Department a 
conservation plan. 

b. Conservation Plan
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The conservation plan to improve water 
use efficiency during the second 
management period must be submitted to 
the Director by December 31, 1992, or at 
least three months prior to commencing 
production at a new facility, whichever is 
later. 

Sand and gravel facility managers are 
required to evaluate the use of specific 
conservation methods in the conservation 
plan. However, managers may select the 
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most appropriate conservation methods 
for implementation at their facility. The 
Department encourages managers to 
evaluate any water conservation methods 
not specified in the requirements that 
may be appropriate at a particular 
facility. 

The Department encourages sand and 
gravel facility managers to perform cost
benefit analyses of potential conservation 
methods to identify those which will 
result in a positive economic return. 
Although managers are not required to 
submit an economic analysis as part of 
their conservation plan, they should 
include the following potential costs and 
savings in the economic analysis: 

• Labor (including planning, construction,
operation, maintenance and
management time)

• Equipment (values amortized over the
projected life of the equipment)
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• Land value (including value of mineral
reserves)

• Water costs (including pumping costs,
well maintenance, withdrawal taxes)

• Chemicals and raw materials

• Fuel or energy costs

• Sewage disposal costs

• Changes in revenue caused by changing
production rate, minimizing "down
time," or increasing the size of
reserves

Water use comparisons should be based on 
historical records or best available 
estimates. Evaporative losses in the 
Tucson AMA are approximately 5.& acre
feet per year for each surface acre of 
water. 
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Legally Enforceable Requirements 

4. Additional Conservation Requirements for Sand and Gravel Facilities

6-501. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of the Title 45 of the 
Arizona Revised Statutes, the fallowing words and phrases used in Sections 
6-501 through 6-504 of this Chapter, unless the context otherwise requires, shall
have the following meanings:

1. "Sand and gravel facility" means an industrial facility that produces sand and
gravel and uses more than 100 acre-( eet of water from any source, including
efnuent, per calendar year. For purposes of this definition, the annual
water use shall include all water from any source, including efnuent, used or
projected to be used within or by the sand and gravel facility regardless of
the nature of the use.

2. "Wash water" means water used for washing or sorting sand, gravel, or other
aggregates.

6-502. Conservation Requirements 

Except as provided in Section 6-503, a sand and gravel facility shall comply with 
the following conservation requirements by December 31, 1992, or upon 
commencement of operation, whichever occurs later, and shall remain in 
compliance with these requirements during each calendar year thereafter until 
the first compliance date for any substitute requirements in the Third 
Management Plan: 

1. If sufficient land area for construction and operation of disposal ponds is
available at a reasonable price, a sand and gravel facility shall construct
disposal ponds. The sand and gravel facility shall discharge into the disposal
ponds all wash water and all water used for wet scrubbers at asphalt plants.
The facility shall equip each disposal pond with a barge pump or sump pump
of sufficient capacity, together with any necessary additional equipment, to
assure the maximum reclamation of wash water. The facility shall reclaim
and reuse the wash water for any purpose related to the facility's operation.

2. If sufficient land area for the construction and operation of disposal ponds is
not available at a reasonable price, a sand and gravel facility shall use
clarifiers for reclaiming wash water. The clarifiers shall be designed and
operated by the sand and gravel facility to assure the maximum reclamation
of water. The facility shall reclaim and reuse the wash water for any
purpose related to the facility's operation.

3. A sand and gravel facility shall divert, to the maximum extent feasible, all
runoff from clean-up operations and all drainage from sand and gravel piles
to ponds or clari(iers for reclamation. The facility shall equip each pond
with a barge pump or sump pump of sufficient capacity, together with any
necessary additional equipment, to assure the maximum feasible reclamation
of the pond water. The facility shall reclaim and reuse the pond water for
any purpose related to the facility's operation.
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4. A sand and gravel facility shall submit to the Direc tor not later than
December 31, 1992, or at least three months prior to commencing produc
tion, whichever is later, a plan to improve the efficiency  of water use by the
facility. The plan shall be based upon a feasibility study of the latest
commercially available conservation technology and managemen t techniques
consistent with reasonable economic return. The feasibility study shall
include a complete and accurate economic analysis of implementing the
fallowing techniques or technologies at the facility:

a. Disposal pond surf ace area reduction;

b. Clarifiers for recycling wash water;

c. Road binders to reduce water for road dust suppression; and

d. Availability and use of effluent and poor quality groundwater.

The facility may prepare a plan proposing additional conservation methods. 
The plan shall indicate the best estimate of water savings to be incurred by 
implementation of those conservation technologies and other techniques 
which the sand and gravel operator has addressed in the feasibility study. 
The plan must also include a schedule for implementation of the techniques 
and technologies described in the plan. 

6-503. Alternative Conservation Program 

A sand and gravel facility may apply to the Director to use conservation 
technologies other than those prescribed in Section 6-502. The Director may 
approve the use of alternative conservation technologies if the Director 
determines that both of the following apply: 

1. The owner or operator of the sand and gravel facility has filed with the
Director a detailed description of the proposed alternative technologies and
the water savings that can be achieved by the use of those technologies, and

2. The owner or operator of the sand and gravel facility has demons trated to
the satisfaction of the Director that the alternative conservation
technologies will result in a water savings equal to or greater than the
savings that would be achieved by the conservation requirements prescribed
in Section 6-502.

6-504. Monitoring and Reporting Requirements 

For the calendar year 1992, or the calendar year in which the facility 
commences operation, whichever occurs later, and for each calendar year 
thereafter until the first compliance date for any substitute requirement in the 
Third Management Plan, each sand and gravel facility shall: 
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1. Measure, with a measuring device in accordance with the Department's
measuring device rules (A.A.C. R12-15-901 et seq.), and report in its annual
report required by A.R.S. § 45-632, the fol lowing:

a. The quantity of water reclaimed from disposal pon ds or clarifiers during
the reporting year.

b. The quantity of water from any source, including efnuent, supplied to
the wash p lant during the reporting year.

c. The quantity of water from any source, including efnuent, supp lied to
the asf)halt p lant during the reporting year.

2. Measure and report in its annual report required by A. R.S. § 45-632, the
following for each facility:

a. The aggregate surface area of any disposal ponds.

b. The average depth of any disposal ponds.

c. The estimated quantity of water from any source, including efnuent,
used during the calen dar year for:

1) Industrial process purposes. Water used for industrial process
purposes includes water used for sanitary waste disposal but does not
include water for cooling and cleaning purposes.

2) Non-domestic cooling purposes.

3) Non-domestic cleaning purposes.

4) Road dust control.

5) Landscape watering.

6) Other purposes.

d. The tonnage of material washed during the reporting year.
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I. MET AL MINING FACILITIES

Copper and molybdenum are the 
fundamental products of the metal 
mines of the Tucson AMA. The metal 
mining industry is the largest industrial 
water use sector in the Active 
Management Area, currently holding 
rights to withdraw over 60,000 acre-feet 
of groundwater each year. Mines with
drew over 36,000 acre-feet of 
groundwater in 1985 and 22,000 acre
feet in 1986. The wide range of annual 
withdrawals is due to the unstable 
market conditions in the metal mining 
industry during recent years. A decline 
in metal prices during the past decade 
has forced the closure, sale, or 
reorganization of many of Arizona's 
copper mines. Of the four metal mining 
companies which operated in the Tucson 
AMA during 1980, only ASARCO 
Incorporated and the Cyprus Minerals 
Company are currently actively mining 
ore in the area. 

Copper prices have historically risen and 
fallen in a cyclical pattern. A signifi
cant rise in metal prices during 1987 
signaled the end of the economically 
depressed period which the industry 
recently experienced. Output has in
creased in recent years and is expected 
to continue to increase in the near 
future, and as production increases, 
water consumption will increase. 
Future water use by the surviving mines 
in the Tucson AMA, however, will likely 
be considerably lower than the 55,000 

acre-feet per year historically used. 
During the next few years, total with
drawals by the metal mining industry in 
the Tucson AMA are not expected to 
exceed the 1985 withdrawals of 36,000 
acre-feet per year. 

1. Water Use Characteristics

Most active copper mines in the Tucson 
AMA consume approximately 200 
gallons of water per ton of ore milled 
when operating at or near the design 

184 

capacity of the processing facility. 
Mines become less water efficient, 
measured in gallons per ton of ore 
milled, as the rate of production 
decreases below the maximum produc
tion capacity. In 1987, one mine in the 
Tucson AMA was operating at full 
capacity and in the process of increasing 
production capacity. The other mine 
was also planning to increase its 
production rate. 

To minimize the expense of pumping 
large volumes of groundwater, mines 
recycle water extensively. 
Approximately 75 to 85 percent of the 
mines' total water needs are met with 
recycled water. Figure 6-B is a 
simplified water flow diagram for a 
typical copper mine. 

Ore must be crushed and milled to a 
powder-like form before the metal
bearing minerals can be separated from 
the waste minerals. Water is used in the 
milling process to grind the rocks. This 
mixture is then discharged into a series 
of concentrators called flotation cells in 
which the copper and molybdenum
bearing minerals are physically 
removed. This is accomplished by 
adding chemicals to the mixture which 
cause the valuable minerals to float. 
The metal-bearing minerals are then 
skimmed off the surface. This concen
tration process is called flotation. 

The waste material or tailings are then 
partially dewatered and transported by 
pipeline to a disposal site. Solids are 
allowed to settle out of solution in 
devices called thickeners, in order to 
recover much of the water in the 
mixture. This water is recycled back to 
the mill, and the thickened tailings are 
discharged to the disposal site called a 
tailings pond. As the tailings settle in 
this pond, clear water is recovered and 
reused in the milling and flotation 
circuit. Significant amounts of water 
are lost to evaporation and seepage in 
the process of tailings disposal. 
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Since 95 to 99 percent of the rock 
milled is comprised of waste minerals, 
the transport and disposal of tailings is 
the largest consumptive use of water by 
the mining sector. Water is also used 
for domestic needs, dust control, 
revegetation of tailings, and other 
metallurgical processes. 

Flotation is the most widely used 
metallurgical process at most copper 
mines. However, another process which 
uses solvents to extract copper from ore 
is a more economical and attractive 
production method for some mines. 

Some copper-bearing minerals can be 
dissolved (leached) from the ore by 
dilute acidic solutions. This dissolved 
copper can then be removed from the 
leach solution and converted into solid 
copper plates at an extraction plant. 
Once the metal has been removed, the 
solution can be recycled to leach 
additional ore. This metallurgical 
process is known as solvent extraction/ 
electrowinning. Leaching followed by 
solvent extraction/electrowinning is a 
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proven technology on soluble copper 
ores which have been crushed. 

Attempts are also underway to extract 
copper from deep rocks which have not 
been disturbed. This process is referred 
to as in situ mining. In situ mining 
involves leaching of the soluble copper 
from ore still in place (underground) 
followed by recovery of the copper at a 
solvent extraction/electrowinning plant 
on the surface. 

Although leaching/solvent 
extraction/electrowinning is a proven 
technology on crushed rocks, it has not 
yet been demonstrated as an 
economically viable method of mining 
deeply situated copper ores. In situ 
mining may prove to be a more water
efficient copper extraction process than 
conventional methods. Any new 
leaching facilities must demonstrate 
that they will use the latest 
commercially available conservation 
technology consistent with a reasonable 
economic return. 
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2. Water Conservation Potential

Copper mines in the Tucson AMA 
consume large volumes of water each 
year. The ore bodies are expected to last 
beyond 2025, the safe-yield goal, at 
current production rates. However, the 
potential for reducing water use is 
limited because of the extensive water 
recycling already practiced by the mines 
and the need for reasonable economic 
returns. 

Groundwater withdrawals by mines can be 
reduced through the development of 
alternative sources of water. Water cost 
and quality, however, can be significant 
obstacles to converting the mines to 
alternative water sources. The potential 
effects of using lower quality water in 
the flotation circuit is an issue which 
must be addressed by metallurgists. The 
use of many lower quality waters is 
known to have an adverse effect upon the 
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recovery of minerals, but it may be 
possible to mitigate these effects through 
treatment or water blending. 

In order to reduce groundwater over
drafts, particularly localized overdrafts, 
the Department recommends that the 
mines in the Tucson AMA seek 
alternative sources of water that 
provide reasonable economic return. 

For the second management period, 
metal mines will be required to evaluate 
water conservation practices and 
technologies that may be implemented 
at their facility. Each facility must 
submit to the Department by January l, 
1992, or three months prior commence
ment of operations, whichever is later, 
a long-range water conservation plan. 
The minimum standards for the 
conservation plan are described in 
Section 6-606. 
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Legally Enforceable Requirements 

3. Additional Conservation Requirements for Metal Mining Facilities

&-601. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the following words and phrases used in Sections 
6-601 through 6-607 of this Chapter, unless the contert otherwise requires, shall
have the following meanings:

1. "Abandoned tailing impoundment" means a tailing impoundment that a metal
mining facility does not plan to use for additional disposals.

2. "Existing metal mining facility" means a large-scale metal mining and
processing facility that was engaged in mining and processing metallic ores
as of December 26, 1984, or was substantially commenced as of December
26, 1984, and includes any expanded or modified portion of such a facility if 
the ex-pansion or modification includes one or more new tailing ponds, new
mill circuits or new wells, and was substantially commenced as of December
26, 1984.

3. "Large-scale metal mining and processing facility" means an industrial
facility that mines and processes metallic ores and uses or has the potential
to use more than 500 acre-{ eet of water per calendar year. For the purposes
of this definition, the annual water use or potential annual water use
includes all water from any source, including effluent, used or projected to 
be used within or by the facility, regardless of the nature of the use.

4. "New metal mining facility" means either:

a. A large-scale metal mining and processing facility that does not qualify
as an existing metal mining facility, including any expanded or modified
portion of such a facility if the ex-pansion or modification includes one or
more new tailing ponds, new mill circuits, new wells or new leaching
facilities, or

b. Any ex-ponded or modified portion of an existing metal mining facility if 
the expansion or modification includes one or more new tailing ponds,
new mill circuits or new wells, and was not substantially commenced as
of December 26, 1984.

5. "Poor quality groundwater" means groundwater which the Director, in
consultation with the De-partment of Environmental Quality, determines to
have limited current or potential beneficial uses due to chemical, biological
or radiological characteristics and costs associated with its use.

6. "Substantially commenced as of December 26, 1984" means, with regard to
the construction, ex-pansion or modification of a large-scale metal mining
and processing facility, that the owner or operator of the facility had
obtained all pre-construction permits and approvals required by federal,
state or local governments for the construction, expansion or modification
of the facility by December 26, 1984, or had made a substantial capital
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investment in the physical on-site construction of the project in the 12 
months prior to December 26, 1984. 

6-602. Conserwtion Requirements for Existing Metal Mining Facilities 

Except as provided in Sections 6-604 and 6-605, an existing metal mining 
facility shall comply with the following conservation requirements no later than 
January 1, 1992, and shall remain in compliance therewith during each calendar 
year thereafter until the first compliance date for any substitute requirements 
in the Third Management Plan: 

1. Tailing Density

An existing metal mining facility shall transport tailing to the tailing
impoundment area at the maximum density possible. The average annual
density of the facility's tailing during transport shall be 45 percent solids by
weight or greater.

2. Presliming/lnterceptor Wells

An existing metal mining facility shall either:

a. Deposit a layer of tailing immediately up-slope from the free water level
in each tailing impoundment. The tailing layer shall be 12 inches or more
in thickness and shall be compacted in such a manner as to minimize soil
surface permeability, or 

b. Drill interceptor wells down-gradient from each tailing impoundment.
The interceptor wells shall be designed, located and operated in such a
manner as to intercept the maximum amount of seepage possible from
each tailing impoundment.

3. Management of Water in Tailing Impoundments

An existing metal mining facility shall minimize the free water surface area
in each tailing impoundment by:

a. Manipulating tailing which has been disposed of in a tailing impoundment,
and managing new disposals of tailings in an impoundment, to maximize
the depth of each tailing pond and minimize the free water surface area
of each tailing pond.

b. Manipulating tailing which has been disposed of in a tailing impoundment,
and managing new disposals of tailing in an impoundment, to create
stilling basins that increase the rate of decant.

c. Using decant towers, barge pumps or sump pumps to recycle water from
each tailing pond back to the mill.

d. Expanding decant towers or barge pumping capacity where necessary to
increase the capacity to recycle water from each tailing pond back to
the mill.
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Legally Enforceable Requirements 

e. Using, to the maximum extent possible, tailing pond water, rather than
replacement water.

f. Expanding or modifying any other physical works in the facility that limit
recirculation capacity.

4. Capping Abandoned Tailing Impoundments

An existing metal mining facility shall cap each abandoned tailing im
poundment with soil, rock waste, drought-tolerant vegetative cover or other
equivalent material to minimize the quantity of water used for dust control
purposes.

6--603. Conserwtion Requirements for New Metal Mining Facilities 

Except as provided in Sections 6-604 and 6-605, beginning January 1, 1992, or 
upon commencement of operation, whichever occurs later, and continuing 
thereafter until the first compliance date for any substitute requirements in the 
Third Management Plan, a new metal mining facility shall comply with the 
conservation requirements applicable to existing metal mining facilities 
prescribed in Section 6-602.3 and 4, and the following additional conservation 
requirements: 

1.· New Well Placement

A new metal mining facility shall design and install new wells to intercept
the maximum amount of seepage possible from the facility. 

2. New Tailing Impoundments

A new metal mining facility shall design and construct any new tailing
impoundments to minimize seepage. The facility shall use decant towers to
recycle water from each tailing pond back to the mill, and shall install
interceptor wells down-gradient from each tailing impoundment. The
interceptor wells shall be designed, located and operated to intercept the
maximum amount of seepage from each tailing impoundment.

3. Tailing Density

A new metal mining facility shall design, construct and operate tailing
transport systems to achieve the maximum tailing densities possible, but the
average annual density of tailing during transport shall not be less than 50
percent solids by weight.

4. Plan For Using Latest Commercially Available Conservation Technology

At least three months prior to construction of a new metal mining facility,
the facility shall demonstrate to the Director that the facility will use the
latest commercially available conservation technology consistent with
reasonable economic retum by submitting to the Director a plan detailing:
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a. A site evaluation, including a description of:

1) hydrogeologic characteristics;

2) availability and quality of water sources; and

3) other applicable site specific characteristics.

b. The planned design, construction and operation of the facility, including
a description of:

1) ore type;

2) proposed method of mining;

3) proposed method of metal extraction; and

4) commercially available technology.

The new metal mining facility may combine its plan for the use of the 
latest commercially available conservation technology with the long
range conservation plan required by Section 6-606. 

6-fi04. Alternative Conse,vation Program 

An existing or new metal mining facility may apply to the Director to use 
conservation technologies other than the technologies prescribed in Sections 
6-602 and 6-603. The Director may approve the use of alternative conservation
technologies if the Director determines that both of the following apply:

1. The owner or operator of the existing or new metal mining facility has filed
with the Director a detailed description of the proposed alternative
technologies and the water savings that ca n be achieved by the use of those
technologies, and

2. The owner or operator of the existing or new metal mining facility has
demonstrated to the satisfaction of the Director that the alternative
conservation technologies will result in water savings equal to or greater
than the savings that would be achieved by the conservation technologies
prescribed in Sections 6-602 and 6-603.

6-f>OS. Temporary Stay 

An existing or new metal mining facility may apply to the Director for a 
temporary stay of any or all conservation requirements set forth in this Chapter 
if the facility expects to withdraw, on a n  annual basis, less than 50 percent of 
the average annual groundwater withdrawn by it during the preceding five 
calendar years. The Director may approve a temporary stay if the Director 
determines that both of the following apply: 
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Legally Enforceable Requirements 

1. The owner or operator of the facility has filed with the Director a
conservation program and a compliance schedule, or a modified conservation
program and a compliance schedule for the modified program, and

2. The owner or operator of the facility has demonstrated to the satisfaction of
the Director that the compliance schedule requires the facility to make
reasonable further progress toward compliance with the conservation
requirements that the facility seeks to have stayed.

6-606. Long-Range Conservation Plan 

By January 1, 1992, or three months prior to commencement of operations by 
the facility, whichever is later, each metal mining facility shall prepare a long
range water conservation plan. The plan shall include an evaluation of the use 
of the latest commercially available conservation technology consistent with a
reasonable economic return. Prior to submitting the plan, each mining facility 
shall perform an analysis of the feasibility of applying the following 
conservation practices or technologies at the mine: 

1. Using efnuent, poor quality groundwater and Central Arizona Project water
for mining and metallurgical needs.

2 •. Reducing tailing pond evaporation through the application of the latest 
commercially available technologies for minimizing evaporation from the 
ponds. 

3. Minimizing water use for road dust suppression through the application of
road binders.

4. Increasing tailing densities to 55 percent solids or greater by weight.

The metal mining facility may include any additional conservation techniques or 
technologies in the plan. The plan shall include a schedule of the approximate 
dates for implementation. The plan may be combined with the plan for the use 
of the latest commercially available conservation technology required by 
Section 6-603.4. 

6-607. Monitoring and Reporting Requirements 

A. Water Measurement and Reporting

For the calendar year 1992, or the calendar year in which the facility 
commences operation, whichever occurs later, and for each calendar year 
thereafter until the first compliance date for any substitute requirement in the 
Third Management Plan, each existing metal mining facility and each new metal 
mining facility shall report the following information in its annual report 
required by A.R.S. § 45-632: 

1. The quantity of replacement water from any source, including efnuent, used
during the reporting year for each of the following purposes: equipment
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washing, dust control, tailing revegetation, leaching operations and milling 
operations, as separately measured with a measuring device in accordance 
with the Department's measuring device rules. (A.A.C. R12-15-901 et seq.) 

2. The quantity of water from any source, including efnuent, recovered during
the reporting year from each of the fallowing: thickeners, leaching
operations and pit dewatering, as separately measured with a measuring
device in accordance with the Department's measuring device rules. (A.A.C.
R12-15-901 et seq.)

3. The quantity of makeup water from any source, including efnuent, used
during the reporting year for each of the following purposes: domestic use
and transportation of tailings to tailing impoundments. These two quantities
may be estimated.

4. The tons of ore milled during the reporting year.

5. The tons of ore during the reporting year stacked to heap leach.

6. The tons of ore vat leached during the reporting year.

7. The tons of material mined during the reporting year.

8. The average percentage of solids' weight in tailing transported to the tailing
ponds during the reporting year.

B. Tailing impoundments

For the calendar year 1992, or the calendar year in which the facility 
commences operation, whichever occurs later, and for each calendar year 
thereafter until the first compliance date for any substitute requirements in the 
Third Management Plan, each existing metal mining facility and each new metal 
mining facility shall determine the mathematical relationship between the 
average depth of the tailing pond water at the decant site and the average size 
of the free water surface area in each tailing pond during the year. To make 
that determination, the facility shall measure the tailing pond water depth at 
the decant site in each tailing pond at least once every 14 days. Each facility 
shall maintain current and accurate records of the tailing pond water depth 
measurements. Each facility shall report the average tailing water depth for 
each tailing pond at the decant site in its annual report required by A.R.S. 
§ 45-632.

C. Contiguous Facilities

A single annual report shall be filed for an existing metal mining facility and a 
new metal mining facility which are contiguous and owned by the same owner. 
The report shall describe the combined operations of the existing and new metal 
mining facilities in the reporting requirements specified in Subsections A and B 
above. 
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J. ELECTRICAL POWER PLANTS

The electrical power industry in the 
Tucson AMA currently holds water 
rights for over 10,000 acre-feet per 
year. Power plants withdrew over 2,000 
acre-feet of groundwater per year from 
1984 to 1986. 

l. Water Use Characteristics

Most electrical power plants have two
water use or recycling circuits. In this
discussion, the two circuits are referred
to as the generating and cooling
circuits. Figure 6-C illustrates flow in a
typical electrical power plant. The left
circle represents the cooling circuit and
the right circle represents the gene
rating circuit. In the generating circuit,
water in the form of steam is used to
turn turbines to create electricity. The
steam must be cooled and condensed
into water before being recycled to the
boiler. The conversion of water to
steam and back to water in the
generating circuit is completed in a
closed system. This water is efficiently
recycled with l ittle loss.

The majority of power plant water use
occurs in the process of cooling the

steam prior to recycling in the boiler. 
At the condenser, heat is transferred 
from the steam in the generating circuit 
to the water in the cooling circuit. In 
this process, heat is exchanged at the 
condenser but water in the two circuits 
does not mix. Heated water in the 
cooling circuit is then pumped to a 
cooling tower to lower the temperature 
before being reused to condense steam. 
Evaporation losses at the cooling towers 
constitute the majority of power plant 
water consumption. 

a. Cycles of Concentration

Cooling towers function on the principle
of evaporative cooling. As water evapo
rates from this system, dissolved
minerals become concentrated in the
remaining water. To control the buildup
of mineral scale in the cooling system,
the salinity of the cooling water must be
maintained below a specified level.

· Some water, therefore, must be bled off
and replaced with fresh water. The
bleeding of cooling water is referred to
as blowdown.

A comparison of the salt content in the
replacement (make-up water) water to
that in the blowdown water indicates

FIGURE 6-C 

DIAGRAM OF WATER FLOW IN A TYPICAL POWER PLANT 
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FIGURE 6-D 

CYCLES OF CONCENTRATION versus TOTAL WATER USE 
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Cycles of Concentration 

the degree of recycling attained in a 
power plant's cooling system. The ratio 
of the concentration of dissolved solids 
in the blowdown water to that in the 
replacement water is referred to as the 
concentration ratio or cycles of 
concentration. For example, if the 
dissolved solids content of the make-up 
water is 300 milligrams per liter (mg/I), 
and the concentration in the blowdown 
water is 1,500 mg/1, the plant is 
operating at 5 cycles of concentration. 
As the number of cycles of concentra
tion increases, the salinity of the 
cooling water also increases. Figure 
6-D shows how increasing the cycles of
concentration results in smaller volumes
of blowdown water. The Second
Management Plan requires existing
power plants to achieve and maintain a
concentration ratio of 7:1 or 15:1,
depending upon the construction date of
the power plant.

b. Conservation Technologies

When large amounts of blowdown water
are discharged from the cooling system,
the replacement water reduces the
dissolved solids concentration of water
remaining in the cooling system. This
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results in an average concentration ratio 
lower than the optimum value. Cooling 
systems can be economically modified 
to permit continuous blowdown and 
replacement water. This modification 
reduces the demand for replacement 
water and increases the average 
concentration ratio. 

Other cooling methods which use less 
water are available, but retrofitting 
existing facilities with these alternative 
systems is not, in most situations, cost
effective at this time. New facilities, 
however, can be designed to achieve 
more than 15 cycles of concentration. 
These systems involve pretreating 
cooling system replacement water to 
reduce salt content or side stream 
treatment of circulating water. 

"Dry" cooling systems which do not 
incur evaporative losses are available, 
but are more efficient and cost
effective when used in conjunction with 
conventional wet systems. These 
"wet/dry" cooling systems can 
significantly reduce power plant water 
consumption without achieving high 
concentration ratios. 
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Legally Enforceable Requirements 

2. Additional Conservation Requirements for Power Plants

6-701. Definitions 

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the 
Arizona Revised Statutes, the fallowing words and phrases used in Sections 
6-701 through 6-706 of this Chapter, unless the context otherwise requires, shall
have the fallowing meanings:

1. "Cycles of concentration" means the ratio of the concentration of total
dissolved solids in the blowdown water to the concentration of total
dissolved solids in the replacement water.

2. "Existing power plant" means a large-scale power plant that either produced
electric power as of December 26, 1984, or was substantially commenced as
of December 26, 1984, and includes any expanded or modified portion of
such a power plant if the expansion or modification was substantially
commenced as of December 26, 1984 and included the modification or
construction of one or more cooling towers.

3. "Large-scale power plant" means an industrial facility that produces or is
designed to produce more than 25 megawatts of electricity.

4. "New power plant" means either:

a. A large-scale power plant that does not qualify as an existing power
plant, and includes any expanded or modified portion of such a power
plant if the expansion or modification includes the modification or 
construction of one or more cooling towers, or

b. Any expanded or modified portion of an existing power plant if the
expansion or modification was not substantially commenced as of
December 26, 1984.

5. "Substantially commenced as of December 26, 1984" means, with regard to
the construction, expansion or modification of a large-scale power plant,
that the owner or operator of the plant had obtained all pre-construction
permits and approvals required by federal, state or local governments for
the construction, expansion or modification of the plant by December 26,
1984, or had made a substantial capital investment in the physical on-site
construction of the project within the 12 months prior to December 26,
1984.

6-702. Conserwtion Requirement for Existing Power Plcmts 

A. Except as provided for in Sections 6-704 and 6-705, an existing power plant shall
achieve for the calendar year 1992, and for each calendar year thereafter until
the first compliance date for any substitute requirement in the Third
Management Plan, an annual average of seven or more cycles of concentration.
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B. Beginning on January 1, 1992, and continuing thereafter until the first
compliance date for any substitute requirement in the Third Management Plan,
an existing power plant shall only discharge blowdown water by the continuous
discharge method, and shall provide replacement water on a continuous basis.

C. Beginning on January 1, 1992, and continuing thereafter until the first
compliance date for any substitute requirement in the Third Management Plan,
an existing power plant shall divert the maximum amount of wastewater
feasible, excluding blowdown water and sanitary wastewater, to the cooling
process.

6-703. Conserwtion Requirement for New Power Plants 

Except as provided in Sections 6-704 and 6-705, a new power plant shall achieve 
for the first calendar year of operation, and for each calendar year thereafter 
until the first compliance date for any substitute requirement in the Third 
Management Plan, an annual average of 15 or more cycles of concentration. 

6-704. Alternative Conservation Program 

An existing or new power plant may apply to the Director to use conservation 
technologies other than those prescribed in Sections 6-702 and 6-703. The 
Director may approve the use of alternative conservation technologies if the 
Director determines that both of the following apply: 

1. The owner or operator of the power plant has filed with the Director a
detailed description of the proposed alternative technologies and the water
savings that can be achieved by the use of those technologies, and

2. The owner or operator of the power plant has demonstrated to the
satisfaction of the Director that the alternative conservation technologies
will result in water savings equal to or greater than the savings that would
be achieved by the applicable conservation technologies prescribed in
Sections 6-702 and 6-703.

6-705. Waiver 

A power plant with a plan for reuse of cooling water may apply to the Director 
for a waiver of any conservation requirement. The Director may approve a 
waiver if the Director determines that the owner or operator of the power plant 
has filed with the Department a detailed, long-term plan for reuse of cooling 
water. Reuse of cooling water includes the discharge of cooling water into 
pipes, canals or other means of conveyance if the discharged water is 
transported to another person for reuse. The power plant must es tablish and 
meet an implementation schedule for the reuse of cooling water. 
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Legally Enforceable Requirements 

&-706. Monitoring And Reporting Requirements 

For the calendar year 1992, or the calendar year in which the plant commences 
operation, whichever occurs later, and for each calendar year thereafter until 
the first compliance date for any substitute requirement in the Third 
Management Plan, each power plant shall: 

1. Measure and report in its annual report required by A.R.S. § 45-632:

a. The quantity of blowdown water produced each month during the
reporting year; and

b. The weighted monthly average concentration of total dissolved solids in
replacement water and blowdown water during the reporting year.

2. Report in its annual report required by A.R.S. § 45-632:

a. The amount of electricity generated each month during the reporting
year; and

b. The estimated quantity of water from any source, including efnuent,
used during the reporting year for each purpose other than electric power
generation purposes.

3. An existing power plant and a new power plant that are contiguous and
owned by the same owner shall file a single annual report describing the
combined operations of the existing and new power plants as required in 1
and 2 above.

4. All measurements required in this Section shall be made with a measuring
device in accordance with the Department's measuring device rules. (A.A.C.
R12-15-901, et seq.)
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A. INTRODUCTION

The Water Resources Analysis 
(Chapter 2) highlights the importance of 
a water supply augmentation and reuse 
program for the Tucson Active Manage
ment Area. The analysis indicates that 
efficient use of available water supplies 
is an integral part of achieving safe
yield but, by itself, is not sufficient to 
halt groundwater overdraft. In addition, 
water users must develop new water 
supplies, including full utilization of 
effluent and Central Arizona Project 
(CAP) water. The augmentation 
program is designed to increase the use 
of renewable water supplies to reduce 
the region's dependence on groundwater. 

- Coordination and Facilitation of
Augmentation Efforts

- Resolution of Institutional and Legal
Barriers

- The Augmentation and Conservation
Assistance Fund

• Augmentation Priorities for the
Tucson AMA

• Storage of Developed Water Supplies-
Artificial Groundwater Recharge

• Central Arizona Project/Plan 6

• Water Reuse- Effluent

• Analysis of Augmentation Measures

- Storm Water Runoff
- Water Transfers
- Watershed Management
- Weather Modification

• Conclusion

As the Tucson AMA becomes less 
dependent on groundwater, facilities to 
store developed water supplies will be 
required because of the annual and 
seasonal variability of supplies and 
demands. The augmentation program 
therefore includes provisions to 
incorporate artificial groundwater 
recharge in plans for water supply 
development. 

B. PROGRAM SUMMARY

During the first management period, the 
Department of Water Resources 
(Department) initiated augmentation 
activities in the Tucson AMA. The 
Second Management Plan Augmentation 
and Reuse Program expands upon these 
activities as described in this chapter. 
The following topics are discussed in the 
order listed: 

• Program Summary

• Statutory Provisions

• Program Goals and Objectives

• The Department's Role in 
Augmentation

• The Augmentation and Reuse Program

- Regulatory Incentives

- Technical Assistance
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The Groundwater Code requires the 
Department to include a water supply 
augmentation program in the Second 
Management Plan. The goal of the 
Augmentation and Reuse Program is to 
contribute to the attainment of safe-
y ie Id through the development of 
additional water supplies and 
optimization of renewable water use. 

The Department evaluated many 
potential water supply augmentation, 
de! ivery, and storage options in the 
development of this program. The 
strategies which were deemed to be the 
most feasible for implementation during 
the 1990s were selected for in-depth 
study and discussion. These strategies 
were analyzed in terms of their 
potential benefits to the region and in 
terms of the Department's role in 
making the best use of the water that 
could be made available. 



The Groundwater Code establishes an 
Augmentation and Conservation 
Assistance Fund to provide financial 
incentives to water users interested in 
implementing augmentation projects. 
The fund, comprised primarily of fees 
levied on groundwater withdrawals, will 
be used for augmentation purposes to: 
l) provide funds for augmentation
projects and studies initiated and
conducted by the Department, and 
2) establish an Augmentation Grants
Program whereby entities can apply for
and obtain cost-sharing grants for
augmentation activities. Chapter 10
addresses the Department's
Conservation Assistance Program which
is anticipated to be included in the
Second Management Plan through a
modification.

To facilitate augmentation efforts in 
the Active Management Area, the 
Department will also provide technical 
assistance to water users who are 
implementing their own augmentation 
projects. Department staff will: 
1) review and provide input to studies
and project proposals, 2) promote the
exchange of information between
parties implementing augmentation
projects, 3) continue to investigate
augmentation measures for future
implementation, 4) contract for
augmentation studies, and 5) issue
permits for recharge and underground
storage and recovery projects.

C. ST A TUTOR Y PROVISIONS

The Groundwater Code requires that the 
Department include in the Second 
Management Plan for each Active 
Management Area a water supply 
augmentation program including 
incentives for artificial groundwater 
recharge. (A.R.S. § 45-565.A.5) The 
Code defines augmentation as supple
menting the water supply of an Active 
Management Area, including 
importation of water into the Active 
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Management Area, water storage, or 
artificial groundwater recharge. 
(A.R.S. § 45-561.1) 

To provide funds for implementing the 
program, the Code established an 
augmentation fund consisting of monies 
collected from groundwater withdrawal 
fees, excess administration and 
enforcement fees, and application and 
surcharge fees collected for temporary 
use of groundwater in artificial lakes. 
(A.R.S. § 45-615.1 [1980], 45-611.2 
[1980], 45-612.C (1980], and 45-133.C 
and D [ 1987D Monies collected from 
groundwater withdrawal fees for 
augmentation must be used to finance 
augmentation programs benefitting the 
Active Management Area in which they 
are collected. (A.R.S. § 45-613 [1980]) 

In the Tucson AMA, a groundwater 
withdrawal fee of fifty cents per acre
foot for augmentation has been assessed 
since 1986 pursuant to the provisions of 
A.R.S. § 45-611.2 (1984), amended by 
laws 1 990, Ch. 320, Sec. 5. These fees 
were collected to support the Alamo 
Wash/Rillito Creek Recharge Project, 
authorized by the Director in fulfillment 
of a modification of the First Manage
ment Plan. The modification of the 
First Management Plan and the subse
quent Special Supplement, Chapter IX-
Augmentation Program, resulted from 
the high level of interest and support for 
augmentation in the Tucson AMA. 

In 1990, the legislature amended the 
Code to require the Department to 
include in the Second Management Plan 
for each AMA a program for conser
vation assistance to water users within 
the AMA. (A.R.S. § 45-565.F, as 
amended by Laws 1990, Ch. 320, 
Sec. 2) To provide monies for the 
conservation assistance program, the 
legislature amended the Code to change 
the augmentation fund to an "augmen
tation and conservation assistance 
fund." (A.R.S. § 45-615.1, as amended 
by Laws 1990, Ch. 320, Sec. 9) Monies 
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for the fund are to come from the same 
sources as those which funded the 
augmentation fund, and are to be used 
for both augmentation of the AMA's 
water supply and conservation 
assistance to water users within the 
AMA. The Code states that an amount 
not greater than two dollars per acre
foot per year shall be levied for both 
augmentation and conservation 
assistance. (A.R.S. § 45-611.2) For 
calendar year l 991, l 992 and 1993, a fee 
of one dollar and fifty cents per acre
foot must be levied for augmentation of 
the Tucson AMA's water supply. (Laws 
1990, Ch. 181, Sec. 7) 

groundwater withdrawal fee of up to 
two dollars per acre foot for augmen
tation of the AMA's water supply from 
each person withdrawing groundwater in 
the AMA. (A.R.S. § 45-198 2.D) 
Furthermore, al I unencumbered ground
water withdrawal fees for agumentation 
of the AMA 's water supply which are 
received after January 1, 1990 will be 
deposited in the authority's general 
fund, together with fifty percent of all 
fees and surcharges collected by the 
Director for interim use of groundwater 
in artificial lakes within the AMA. 
(A.R.S. §§ 45-1982.A and 45-133.E.l .) 

Addition of a conservation assistance 
program to the Second Management 
Plan will require modification of the 
plan following a public hearing, pursuant 
to A.R.S. § 45-572.A. The Department 
intends to hold public hearings on the 
modification in 1991, and enter an order 
of modification later that year. 

D. PROGRAM GOALS AND OBJECTIVES

In 1990, the legislature also enacted 
legislation which could significantly 
impact the funding of the Tucson AMA 
augmentation and reuse program. (Laws 
1990, Ch. 181) This legislation 
authorizes the organization of a water 
augmentation authority ("authority") in 
the Tucson AMA upon the adoption of a 
resolution approving the authority's 
formation by certain governmental 
entities and irrigation districts within 
the AMA. (A.R.S. § 45-1902) The 
authority will be a seperate corporate 
and political body, with the power to 
acquire, construct and operate augmen
tation projects. (A.R.S. §§ 45-1905 and 
45-1953.8)

If a permanent board of directors of the 
authority assumes office, the Active 
Management Area will be exempt from 
the groundwater withdrawal fee for 
augmentation under A.R.S. § 45-611.2. 
However, the permanent board of 
directors of the authority will have 
power to levy and collect an annual 
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The first step in developing an effective
augmentation program is to define its
goals and objectives. The goal of the
Tucson AMA Augmentation and Reuse
Program is to develop additional water
supplies and maximize the use of
renewable water supplies for the
purpose of attaining safe-yield in the
Active Management Area. To attain
this goal, the Department will work
toward the following objectives:

• Maximize the use of CAP water
allocations within the Tucson AMA

• Utilize the CAP canal system to the
fullest extent possible to deliver
"surplus" Colorado River water and
other water to the AMA

• Maximize the controlled recharge of
non-groundwater sources, including
effluent, for that water which cannot
be used directly

• Generate additional water supplies
within the state and maximize their
benefit to the Tucson AMA by
ef fee ting inter-regional water
transfers and exchanges

• Resolve technical, institutional, legal,
and environmental constraints that



inhibit the development and beneficial 
use of alternative water supplies 

• Research and identify potential
augmentation measures for future
implementation

E. THE DEPARTMENT'S ROLE IN

AUGMENTATION 

The Department will take a lead role in 
identifying, facilitating, and 
coordinating augmentation activities 
within the region. The Groundwater 
Users Advisory Council for the Tucson 
AMA will also play a role in prioritizing 
and evaluating activities. The 
Department will provide planning and 
technical support, and financial 
assistance to implement augmentation 
projects during the second management 
period. Specifically, the Department 
will: 

• Research, identify, and prioritize
augmentation activities appropriate
for implementation

• Coordinate activities and promote the
exchange of information between
parties implementing augmentation
projects or conducting research 
related to increasing water supplies

• Provide technical assistance by
reviewing and providing input to
project proposals, research and
feasibility study proposals, study
results, project operations, and data
interpretation

• Provide financial assistance to 
entities implementing augmentation
projects or studies that contribute to
the Active Management Area's water
management goals

• Facilitate, to the greatest extent
possible, the permitting of environ
mentally sound recharge and under
ground storage and recovery projects
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It will take a continuing commitment 
from all water interests in the Tucson 
AMA to develop the new water supplies 
necessary to meet the safe-yield goal. 
The Department will play a key role in 
promoting and maintaining that 
commitment. 

F. THE AUGMENTATION AND REUSE

PROGRAM 

The Department will be an active 
participant in water supply augmen
tation during the second management 
period. The principle responsibility for 
developing water supplies, however, will 
remain with the region's water users. 
The Augmentation and Reuse Program 
includes five main elements designed to 
assist water users in developing new 
water supplies: 

• Regulatory Incentives

• Technical Assistance Program

• Department of Water Resources
Coordination Efforts

• Resolving Institutional and Legal
Barriers

• Augmentation and Conservation
Assistance Fund

l. Regulatory Incentives

Provisions established in the
Agricultural, Municipal, and Industrial
Conservation Programs of this
management plan provide incentives for
water users to implement augmentation
measures such as the use of effluent.
The Water Quality Assessment and
Management Program (Chapter 3)
identifies methods to increase the total
water supply available in the Tucson
AMA by increasing the use of poor
quality water.
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2. Technical Assistance

The Department will increase its
involvement in augmentation project
construction, planning, and research
activities during the second manage
ment period. Department staff will
provide technical assistance to water
users in assessing the need for
augmentation projects, determining pro
ject feasibility, and reviewing project
impacts. Staff will participate on
oversight committees,

provide data, and review planning and
feasibility study reports. To facilitate
research projects, the Department will
assist users by initiating research
activities, assisting in study design,
providing data, reviewing results, and
disseminating information.

3. Coordination and Facilitation of
Augmentation Efforts

Many augmentation activities will
require the participation of a variety of
interest groups. Cooperative efforts
among many governmental agencies,
water providers, and other groups will
allow the development of larger, more
effective projects and studies. The
Department will work with organiza
tions inside and outside the Tucson AMA
to coordinate and facilitate augmenta
tion activities. Examples of areas in
which the Department will be involved
include: 1) basin-wide management
studies, 2) analysis of watershed
management strategies, 3) participation
in the development of artificial ground
water recharge projects, 4) research on
the impacts of effluent use,
5) promotion of the efficient use of CAP 
water, and 6) completion of weather
modification research studies.

4. Resolution of In stitutional and
Legal Barriers

The summaries of the augmentation
alternatives presented in this chapter

204 

identify a number of legal and 
institutional issues that must be 
resolved before augmentation projects 
can be undertaken on a large scale. 
Examples include: 

• Questions regarding ownership of
rights to augmented water supplies

• Questions regarding liability for
potential damages resulting from
augmentation programs

• Department rules or specific
provisions of the Groundwater Code
that may provide disincentives for
water supply augmentation efforts

The Department will work with 
interested parties in the Tucson AMA 
and around the state to draft 
Department rules and to propose 
legislation that will resolve these and 
other legal and institutional problems. 

5. The Augmentation and Conservation
Assistance Fund

a. Col lection of Fees

The Groundwater Code allows an aug
mentation and conservation assistance
fee on groundwater withdrawals of up to
two dollars per acre-foot per year.
These fees, excess payments of the
administration and enforcement fee, and
fees for interim use of groundwater in
artificial lakes will be the basis of the
augmentation and conservation
assistance fund. Monies in the fund
collected for augmentation will be used
to provide: 1) funds for augmentation
projects and studies initiated or 
conducted by the Department, and
2) cost-sharing grants for augmentation
projects and studies initiated or
conducted by others.

Table 7-A illustrates how much money 
could be available each year from 
augmentation and conservation 
assistance fees assessed on groundwater 
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TABLE 7-A 

ESTIMATED ANNUAL REVENUES BASED ON VARIABLE 
AUGMENTATION AND CONSERVATION ASSISTANCE FEES 

TUCSON N'.A* 

Year 
1995 
2000 
2025 

$0.50/ac-ft 
$80,000 
6 3,000 

102,000 

$1.00/ac-ft 
$159,000 

125,000 
204,000 

$1.50/ac-ft 
$239,000 

188,000 
306,000 

$2.00/ac-ft 
$318,000 

250,000 
408,000 

* Based on projections contained in Table 2-B

withdrawals in the Tucson AMA at 
different fee levels, assuming projected 
groundwater pumpage in 1990, 2000, and 
2025. The table does not include funds 
generated by sources other than the 
groundwater withdrawal fee. It is 
important to note that the amount of 
money available in the augmentation 
and conservation assistance fund will 
decrease in future years due to 
decreased groundwater pumpage 
resulting from increased CAP deliveries, 
development of additional water 
sources, and increased conservation. 
Further, if a water augmentation 
authority with a final board of directors 
is organized in the AMA pursuant to 
A.R.S § 45-1901, et seq., the AMA will 
be exempt from the groundwater with
drawal fee for augmentation. (A.R.S. 
§ 45-1982.C) (See discussion under
Section C of this chapter).

The Director began levying an augmen
tation fee of fifty cents per acre-foot 
of groundwater pumped during calendar 
year 1986. The Code restricted the 
augmentation fee to that level for three 
years. (A.R.S. § 45-611.2 [1984], 
amended by laws 1990, Ch. 320, Sec. 5) 
Beginning with calendar year 1989, the 
maximum augmentation fee was 
increased to two dollars per acre-foot. 
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In 1990, the Groundwater Code was 
amended to allow the Director to levy a 
groundwater withdrawal fee of up to 
two dollars per acre-foot for both 
augmentation and conservation 
assistance. (A.R.S. § 45-611.2, as 
amended by laws 1990, Ch. 320, Sec. 5) 
The Code was also amended to provide 
that the groundwater withdrawal fee for 
augmentation for calendar years 1991, 
1992 and 1993 must be set at one dollar 
and fifty cents per acre-foot. (Laws 
1990, Ch. 181, Sec. 7) 

In addition to groundwater withdrawal 
fees, monies for the augmentation and 
conservation assistance fund will come 
from fees and surcharges for interim use 
of groundwater in artificial lakes within 
the AMA and excess administration and 
enforcement fees collected in the AMA. 

b. Distribution of the Augmentation Fund

1) Fund Categories

The Director will allocate augmen
tation monies from the augmentation
and conservation assistance fund
between two categories. Category I
includes construction and implemen
tation projects. This category
includes projects whose primary goal
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is to directly increase water supplies 
or water storage. Secondary goals 
may include the demonstration of 
technologies and data collection. 
This category also includes pilot and 
demonstration projects. 
Augmentation monies disbursed for 
this category will be used to help 
purchase water rights, construct 
facilities, and finance other 
activities which increase water 
supplies. 

Category II includes planning, 
research, and feasibility studies. In 
Category II, funding will be used to 
help determine which augmentation 
activities are suitable for future 
construction and implementation 
projects. The following types of 
studies will be eligible for augmen
tation monies in this category: 
studies designed to assess the 
feasibility of new technologies, 
studies designed to identify future 
sites for augmentation projects, 
studies designed to resolve 
institutional issues, and studies 
designed to facilitate future 
augmentation activities. 

2) Method of Allocating Funding

During each calendar year, a maxi
mum of 80 percent of the available
augmentation monies may be spent
on construction and implementation
projects (Category I), and a
maximum of 80 percent may be used
to fund planning and feasibility
studies (Category II). This is
intended, in part, to prevent either
category from consuming all of the
available funds.

Projects and studies are selected and
funded on a year-to-year basis.
While multi-year projects or studies
are not excluded, the proposal must
be reallocated during the annual
review process.
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3) Fund Reversions

Any funds not distributed during the
calendar year will revert to the
augmentation and conservation
assistance fund for redistribution
during the following calendar year.

4) Project Selection

The technical, economic, and/or
institutional viability of various
augmentation measures may change
significantly during the second
management period. In light of this,
it is impractical at this time to
detail the types of projects or
studies that merit augmentation
funding. The alternative is to
develop a fund allocation process
which is flexible yet politically and
publicly responsive. This is
accomplished by placing emphasis on
the role of the Groundwater Users
Advisory Council (GUAC) in fund
allocation. Regularly scheduled
GUAC meetings provide an excellent
forum for public review and
comment on projects and studies
proposed for funding. The annual
GUAC review process can also easily
adapt to changing circumstances or
priorities.

The Department will initially deter
mine the general types of projects
which it will fund during the
calendar year. The Department wi II
coordinate this decision with water
users in the Acrive Management
Area to identify augmentation
projects that will maximize potential
augmentation of the region's water
supply.

After the Department establishes its
overall augmentation priorities for
the calendar year, it will accept
proposals for specific projects. Each
project proposal will be evaluated at
two levels. First, the GUAC will
evaluate and grade submitted



proposals as to relative merit, and 
recommend projects for funding to 
the Director. The Director will then 
consider the GUAC recommenda
tions and the extent to which the 
project proposals meet the estab
lished criteria. Evaluation criteria 
include, but are not limited to: 

• Compatibility with current
Department programs and policies,
and consistency with the
management plan goal

• Identification and description of
potential economic,
environmental, and social impacts

• Compliance with applicable
federal, state, and local
regulations

• Technical feasibility and timely
re�lization of additional water
supplies

• Promotion of efficient use of the 
additional water supplies

The Department will coordinate with 
other Arizona agencies and organiza
tions possessing water qua Ii ty 
authority, such as the Department of 
Environmental Quality through a 
review and comment process to 
ensure that these agencies and 
organizations are aware of the 
proposed project and are allowed 
time to assess any impact the pro
posed project may have on existing 
programs (e.g., aquifer protection 
permits). 

Once a project has been selected to 
receive augmentation monies, the 
method which will be used to 
allocate monies for the project will 
depend on the type of entity chosen 
to implement the project. If the 
project is to be implemented by a 
private entity, the Department will 
either allocate the money through a 
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grant to the entity proposing the 
project, or seek bids from private 
contractors under the provisions of 
Arizona's Procurement Code. 
(A.R.S. § 41-2501, et seq.) If bids 
are sought, the bids will be evaluated 
by the Department after consulta
tion with the Tucson AMA GUAC. A 
contract will then be executed with 
the person whose bid meets the 
applicable contract guidelines. 

If the project is to be implemented 
by a pub lie agency, board or 
commission, the Department will 
either allocate the money through a 
grant to the agency, board or com
mission, or execute an intergover
nmental agreement pursuant to 
A.R.S. § 11-952. 

If the project is to be implemented 
by the Department, monies will be 
withdrawn from the augmentation 
and conservation assistance fund for 
payment of the costs of the project 
as they accrue. 

G. AUGMENTATION PRIORITIES FOR

THE TUCSON AMA 

The augmentation measures analyzed by 
the Department differ greatly in 1) their 
direct applicability to the Tucson AMA, 
2) their proven status of the technology,
and 3) their need to be addressed in the
immediate future. These considerations
were taken into account in establishing
the Department's Second Management
Plan augmentation priorities for the
Tucson AMA.

While augmentation may be addressed in 
many ways during the second manage
ment period, the Department will 
initially focus on the following for the 
Tucson AMA: 

• Maximizing the use of the CAP
system to deliver Colorado River
water and other supplies to the
Tucson AMA
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• Promoting matching waters of varying
quality with their highest-beneficial
use

• Maximizing the controlled subsurface
storage and recovery of effluent for
that effluent which can not be used
directly

• Promoting and facilitating the
development of artificial groundwater
recharge projects that are consistent
with Tucson AMA water management
goals

• Promoting the integration of storm
water runoff recharge with flood
control activities in the Active
Management Area. The First
Management Plan's Rillito Recharge
Project will develop data and
methodologies critical to future
runoff recharge/flood control
integration

Augmentation priorities must be flexible 
enough to respond to changes in circum
stances during the planning period. 
C hanges in the constraints affecting 
water supply augmentation measures 
may cause some measures, including 
those not discussed in this plan, to 
become more viable. The Department 
recognizes this possibility and has 
deliberately structured the 
Augmentation and Reuse Program, 
including the Grants Program, to 
accomodate, if warranted, the future 
development of augmentation strategies 
not listed as a "priority" in this section. 

H. STORAGE OF DEVELOPED WATER

SUPPLIES - ARTIFICIAL 

GROUNDWATER RECHARGE 

Water storage is often needed to obtain 
the maximum beneficial use from all 
sources of water supplies. Water 
demand normally fluctuates annually 
with peak use occurring in the summer 
months. However, most renewable 

208 

water supplies are generated during 
winter storm events. The augmentation 
measures discussed later in this chapter 
may require additional storage and 
conveyance systems, especially if a 
proposed project is developed in a 
remote area of the state. This section 
outlines some of the storage and 
delivery options which might be 
feasible. 

An important component of the 
Augmentation and Reuse Program is the 
Department's role in regulating 
artificial groundwater recharge 
projects. (As used in this chapter, the 
terms "artificial ground'water recharge" 
and "recharge" shall refer to both a 
"recharge project" as defined in A.R.S. 
§ 45-651.5, and an "underground storage
and recovery project" as defined in
A.R.S. § 45-802 .6, unless the context
otherwise requires.) In 1986, legislation
was enacted which established criteria
to ensure that artificial groundwater
recharge projects would be beneficial to
water users in an Active Management
Area. (A.R.S. §§ 45-651, et seq. and
45-801, et seq.) To implement the
provisions of this legislation, and to
integrate its provisions into this
management plan, the Department
analyzed the potential benefits and
detrimental impacts from artificial
groundwater recharge projects.

Storage of additional water is vital to 
regional water supply management 
because: l) the generation of new water 
supplies will not always occur when the 
demand exists, 2) the capacity of the 
distribution system used to deliver the 
augmented supplies does not match the 
availability of the supply, or 3) the 
quality of the water may not be 
acceptable for direct use. 

Two forms of storage have been 
discussed for this region: surface and 
subsurface. Surface storage is through 
reservoir systems, and subsurface 
storage is generally referred to as 



artificial groundwater recharge. 
Subsurface storage through recharge is 
recognized as the most desirable method 
for the Tucson AMA during the second 
management period for the following 
reasons: 1) cost -- the structures and 
equipment used for recharge are smaller 
and less capital intensive than surface 
storage facilities, 2) environmental 
impacts -- recharge facilities use a 
comparatively small land area to store 
large volumes of water, and 3) storage 
efficiency -- on the average, 5.8 acre-
£ eet of water per surface area acre per 
year are lost to evaporation from 
surface storage facilities in the Tucson 
AMA. Water lost during recharge is 
significantly less than this amount. 

Unlike natural groundwater recharge 
which results from runoff entering the 
aquifer along mountain fronts and 
through the beds and banks of stream 
systems, artificial groundwater recharge 
occurs when water is introduced into the 
subsurface through a variety of 
methods. Examples of such methods are 
spreading basins and injection wells. 

Storage projects constructed during the 
second management period will be 
primarily artificial groundwater 
recharge facilities. This section 
therefore focuses on the role of 
artificial groundwater recharge in the 
development of water supplies in the 
Tucson AMA. 

1. Integrating Groundwater Recharge with
Other Management Objectives

Artificial groundwater recharge is an
attractive water storage option during
the second management period because
recharge may be integrated with other
water management objectives, including
those summarized below.

a. Flood Control

Flood control agencies are increasingly
emphasizing "retention/detention"
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strategies as alternatives to methods 
which result in runoff being accelerated 
through, and thereby lost to, the metro
politan area. Recharge facilities that 
utilize storm runoff complement this 
objective by decreasing peak down
stream flows. Water that otherwise 
contributes to runoff and potential 
f loading and erosion is diverted into a 
recharge facility and detained in storage 
and infiltration basins. The Tucson 
AMA identified a stormwater runoff 
recharge facility for its First 
Management Plan augmentation 
program. One of the primary objectives 
of this project, being implemented in 
cooperation with the Pima County Flood 
Control District and Tucson Water, is to 
demonstrate the integration of recharge 
and flood control objectives. 

b. Contaminant Plume or Poor Quality
Groundwater Management

Areas of poor quality groundwater or
contaminant plumes are not stationary
in the subsurface. Their migration can
degrade adjacent groundwaters and
complicate clean-up efforts. Recharge
o perations, if properly located and
designed, can create a downgradient 
water mound which acts as a barrier to
further migration of contaminants or,
can improve groundwater quality
through dilution.

c. Maintaining Water Levels

Recharge can reduce the rate of water
level declines, thereby helping to
control earth subsidence and pumping
costs. Subsidence is the settling and
compacting of the earth's surface and is
a symptom of excessive groundwater
overdraft. Minimizing overdraft
through recharge decreases the danger
of further subsidence. Only major
recharge projects would have significant
effects on water levels and subsidence.
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d. Open Space/Recreation

Some of the prime areas for recharge
are in or near metropolitan areas.
Recharge projects, if carefully planned,
can also serve as open space and
recreational facilities.

2. Concerns Regarding Artificial Recharge

In pursuing recharge objectives, careful
consideration must be given to the
possible negative impacts of recharge
projects. A facility's siting, design,
operation, and monitoring plan will
determine whether the project contri
butes to water management objectives
or results in the adverse impacts
discussed below.

Potential adverse impacts can be 
grouped into three general categories: 
l )  water quality degradation, 2) negative
impacts on areas adjacent to the
recharge site, and 3) increased flooding
or stream channel erosion.

a. Water Quality Degradation

There are four major water quality
concerns related to recharge facilities.
First, some of the water sources for
recharge (e.g., effluent and urban storm
runoff) do not meet drinking water
standards. The introduction of such
waters into the subsurface must be
carefully managed. Recharge methods
that introduce water directly to the
groundwater table (e.g., injection wells)
do not take advantage of the natural
cleansing properties of the subsurface
and are of particular concern. In
addition, facilities located too close to
drinking water production wells may
create problems.

The second water quality concern
relates to the groundwater mound
created by recharge. For example,
recharge facilities improperly located
immediately upgradient from a
contaminant plume can accelerate the
migration of the plume.
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The third concern is the possible 
leaching of contaminants to the ground
water table as a result of present or 
historical land uses at or near the 
recharge site. This concern is important 
because landfills are located near some 
of the best recharge areas in or near 
stream channels. Special design con
siderations are warranted for recharge 
projects located near landfills. 

The final water quality concern related 
to recharge facilities involves inter
agency coordination. The Department 
must coordinate with the Department of 
Environmental Quality (DEQ), through 
programs such as its Aquifer Protection 
Permit Program. 

b. Impacts on Adjacent Land Uses

Artificial groundwater recharge
facilities in urban areas can create
conflicts with adjacent land uses. The
design, landscaping, and operation of a
recharge facility determine whether the
project improves or degrades an area's
aesthetic qualities. In addition,
excessive detention times in recharge or
sedimentation basins may enable
mosquitos and other insects to breed in
the basins.

c. F_looding Impacts

Major stream channels in the Tucson
AMA have highly efficient natural
recharge characteristics, but their use
for artificial recharge raises flood
control concerns. First, artificial
recharge adds to the water mounding
already present from the natural
recharge process. Long-term artificial
recharge operations in some areas could
cause local water tables to rise within
a few feet of the streambed. Water
that would otherwise infiltrate to the
water table through natural recharge
would then stay within the drainage
channel, contributing to downstream
flooding and erosion. This phenomenon
is known as "rejected recharge."



Constructing recovery wells in the area 
to maintain an adequate unsaturated 
zone is one solution to this problem. 

Also, storm water recharge projects 
located off-channel but using in-channel 
diversion structures may obstruct water 
flow, causing localized flooding. A 
facility design which includes stream 
channel widening at and near the point 
of diversion can mitigate this problem. 
Projects located within the floodway or 
floodplain must be coordinated with the 
local flood control district and must 
have all necessary permits. 

3. Siting Criteria for Recharge Projects
and Underground Storage and Recovery
Projects

Landmark legislation was enacted in
1986 which removed many barriers to
recharge project implementation (A.R.S.
§§ 45-6.?l, et seq. and 45-801, et seq.)
Prior to 1986, an entity storing water
underground had no enforceable right to
recover water and no legal protection
from nearby groundwater users who
were withdrawing stored water.

The legislation created a permitting 
process administrated by the Depart
ment for two types of projects: 
l )  recharge projects, and 2) underground
storage and recovery projects.
Recharge projects are solely for the
purpose of replenishing groundwater
supplies. No withdrawal rights accrue
to the sponsors of a recharge project.
Underground storage and recovery
projects, however, are designed to store
water for the purpose of future
withdrawal.

Other major aspects of the legislation 
include: 

• Establishment of an accounting
process for underground storage and
recovery projects that c !ear I y
quantifies the amount of water stored
and recovered (a small percentage of
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the water stored must be left in the 
aquifer as the "aquifer's cut") 

• Determination that the recovered
water has the same legal identity as
its original source

• Protection of the stored water from
recovery by others

• Establishment of a number of specific
permit review criteria

Two of the permit review criteria 
established by the legislation relate 
specifically to a project's proposed 
location. The Department must deem a 
project to be "hydrologically feasible" 
and must determine that the project 
"will not cause unreasonable harm to 
land or other water users within the 
area of hydrologic impact of the 
project." These criteria are common to 
both recharge and underground storage 
and recovery projects. Site-related 
criteria specific to each type of project 
are discussed below. 

a. Recharge Projects

A key criterion for recharge projects
located within Active Management
Areas is that the Director must
determine that "the project is not
inconsistent with the active manage
ment area's augmentation program."
(A.R.S. § 45-652.B.4) Recharge projects
located in any of the following areas are
deemed to be inconsistent with the
augmentation program:

• In a remote or isolated area where
benefit of recharge would not be
realized by a significant magnitude of
groundwater use

• In a location that will promote the
migration of a contaminant plume or
poor quality groundwater area so as to
affect water users unless the project
is part of a Department of Water
Resources/Department of
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Environmental Quality corrective 
management program 

• In a localized high groundwater table
area with the potential to create
drainage problems (e.g., agricultural,
septic tank, leach field, etc.)

b. Underground Storage and Recovery
Projects

Underground storage and recovery
projects must satisfy similar criteria as 
recharge projects. However, a key
distinction involves the location of the
recovery activity. Only cities, towns,
private water companies and irrigation
districts in Active Management Areas
may recover water outside the area of
hydrological impact of the project.
Furthermore, the water must be
recovered within the service area of the
city, town, private water company or
irrigation district, and the Director
must determine that the recovery "is
consistent with the management plan
and achievement of the management
goal for the active management area."
(A.R.S. § 45-807 .A. l (b))

An underground storage and recovery
project must meet at least one of the
storage location criteria and at least
one of the recovery location criteria
listed below in order for the project to
be deemed consistent with the manage
ment plan and achievement of the
management goal for the Active
Management Area.

If the project contributes to water
management objectives but does not
satisfy the location criteria, the
Director may, in limited situations,
deem the project to be consistent with
the management plan and achievement
of the management goal.
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l )  Storage Location Criteria

• In such a location or operated in
such a manner as to contribute to
groundwater supplies which are
currently being used or could be
used in the future so long as the
area(s) which are recharged are
not experiencing problems
associated with shallow depth-to
water

• In such a location or operated in
such a manner as to contribute to
a Department of Water Resources/
Department of Environmental
Quality or U.S. Environmental
Protection Agency sanctioned
corrective management program
for a contaminant plume or poor
groundwater quality area

2) Recovery Location Criteria

• In an area that would remove and
use poor quality water (as defined
in Chapter 3 ) as part of a
Department of Water Resources/
Department of Environmental
Quality or U.S. Environmental
Protection Agency sanctioned
water quality management
program

• In such a location or designed in
such a manner as to contribute to
a Department of Water Resources/
Department of Environmental
Quality or U.S. Environmental
Protection Agency sanctioned
corrective management program
for a contaminant plume or poor
groundwater quality area

• In an area experiencing a long
term average annual rate of
decline that is less than 4 feet per
year



4. Future Directions

Groundwater recharge is a feasible
method to store water developed from
other augmentation activities. Through
recharge, water users will be able to
maximize their use of the water
available and match that use with the
periods when the water is most needed.
During the second management period,
the Department will work toward the
following objectives:

• Continue research into groundwater
recharge technologies and related
aspects of recharge

• Provide support to water users
wishing to develop artificial recharge
projects

• Implement, and refine as needed,
recharge and underground storage and
recovery project rules

I. CENTRAL ARIZONA PROJECT /PLAN 6

The Central Arizona Project (CAP) is a 
water delivery system designed to trans
port Colorado River water to cities, 
industries, agricultural lands, and Indian 
communities in central Arizona. Plan 6 
refers to the reservoir development 
component of the CAP. 

The CAP is a particularly important 
component of the water management 
effort in the Tucson AMA because it 
provides the first significant source of 
surface water to be used in this basin. 
It is a major step toward replacing 
regional depletion of groundwater with 
renewable surface water. In addition, 
the CAP aqueduct will provide a method 
by which water users in the Tucson AMA 
can convey water from other regions of 
the state through direct transportation 
or exchange of water with other CAP 
contractors. 
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Since the CAP will begin deliveries to 
the region early in the second manage
ment period, augmentation activities 
will focus on maximizing the beneficial 
use of the CAP delivery system. The 
Department will work with water users 
to increase the quantity of water that is 
delivered through the CAP system, store 
the available water, and distribute the 
water for the greatest benefit to the 
Tucson AMA. Figure 7-A illustrates the 
location of the CAP aqueduct. 

Development of the CAP system will 
greatly assist the Tucson AMA's efforts 
to achieve safe-yield. However, it will 
still be necessary to develop additional 
water supplies and efficiently use 
supplies that are currently available. 

a. Central Arizona Project Deliveries

Figure 7-B illustrates the engineering 
works -- dams, canals, and pumping 
plants -- of the CAP which will serve to 
develop Arizona's remaining entitlement 
to the Colorado River. The mainline 
aqueduct of the CAP is expected to 
deliver an average of about l .5 million 
acre-feet per year to water users in the 
central part of the state. This water 
will significantly reduce groundwater 
overdraft in the Active Management 
Areas. 

The design capacity of the aqueduct is 
3,000 cubic feet per second (cfs) which 
could provide nearly 2.2 million acre
feet in one year if the maximum 
diversion rate were sustained. However, 
because the aqueduct will be shut down 
on occasion for normal maintenance, 
about 1.9 million acre-feet per year is 
regarded as a reasonable maximum 
delivery. The CAP water deliveries are 
controlled by interstate agreements, 
treaties, Acts of Congress (e.g., 
Colorado River Basin Project Act - P.L. 
90-537), and U.S. Supreme Court
decrees, collectively known as the "Law
of the River."
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The CAP delivery system will enter the 
Tucson AMA with a capacity to deliver 
2,250 cfs. The capacity at its terminus 
will be 200 cfs. It is anticipated that 
average annual water deliveries to the 
Tucson AMA via the CAP aqueduct 
could range from 179,000 to 263,000 
acre-feet per year. 

Water users in the Tucson AMA have 
been allocated CAP water according to 
Table 7-B. As of January 1, 1988, 
subcontracts for 163,033 acre-feet per 
year were signed by municipal water 
users. Water that is not under sub
contract may be reallocated through the 
Department's recommendation to the 
U.S. Secretary of the Interior. Several 
water users have expressed reluctance 
to enter into subcontracts for CAP 
water. During the second management 
period, the Department will encourage 
water users in the Tucson AMA to 
maximize use of CAP water as a means 
of reducing groundwater pumpage. 

b. Additional Delivery Capabilities

AUGMENTATION AND REUSE PROGRAM 

water will require the joint approval of 
the USBR and CA WCD. 

CA WCD has evaluated the aqueduct as a 
conveyance facility for non-project 
water, and has released a report entitled 
"Issues Regarding Transportation of 
Non-Project Water in the CAP 
Aqueduct, Discussion Document." 
Conclusions in this document can be 
summarized as follows: 

• Electric power is a critical issue and
non-CAP water deliveries will be
required to provide additional power
supplies.

• Provisions for sharing evaporation and
seepage losses will be imposed.

• Provisions for sharing operation and
maintenance costs will be imposed.

• Provisions for capital repayment will
be imposed.

Additional clarification regarding 
CAWCD's operating policies will be 
needed in order to facilitate full 
utilization of the CAP aqueduct. 

The maximum annual conveyance
capacity of the CAP canal is about 2.2
million acre-feet. When the aqueduct is
not operating at capacity, it may be 
possible to use the aqueduct to transport
additional water supplies from the
Colorado River or other outlying areas
to water users within the Tucson AMA.
However, further analysis wi II be needed
to determine the constraints under
which the CAP system will be able to
deliver additional supplies.

c. Availability of Additional Water

The CAP is a federal project that was
designed and built by the U.S. Bureau
of Reclamation (USBR). As such, the
ownership of the physical works will
remain with the United States
Government. Certain project costs
will be repaid to the U.S. Government
by the Central Arizona Water
Conservation District (CAWCD) which
will also operate the project. The use
of the aqueduct to convey additional
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There are several additional sources of
surface water that could be transported
to the Tucson AMA using the CAP
aqueduct. Two particular I y important
sources are discussed below.

I) Surplus Colorado River Water

Surplus Colorado River water is
available when either: I) the
Secretary of Interior declares a
surplus due to hydrologic, storage, or
demand conditions, or 2) Arizona is
not diverting its entire 2.8 million
acre-feet per year entitlement (CAP
and other entitlements). Arizona
may not use its full entitlement until
1993, when the CAP aqueduct
system is scheduled for completion.
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TABLE 7-B 

CENTRAL ARIZONA PROJECT SUBCONTRACT STATUS - JANUARY 1, 1988 

TUCSON AMA 

Municipal Subcontracts Signed 

Community Water Co. G.V. 
Cortaro-Marana 1.0. 
Del Lago Water Co. 
Flowing Wells I.D. 
Canada Hills Water Co. 
Green Valley Water Co. 
Midvale Farms 
New Pueblo Water Co. 
Ranchlands, Inc. 
Tucson 

Arizona State Land Department 
Tucson AMA 

Indian communities - (CAP only) 
Schuk Toak 
San Xavier 

Allocation (acre-feet/year) 1

1,100 
47 

786 
4,354 
1,652 
1,900 
1,500 

237 
3,037 

148,420 
163,033 

14,000 

10,800 
27,000 
37,800 

Munici al and Industrial Subcontracts Pendin 
ANAMAX now Cyprus Twin Buttes 
ASARCO 
Cyprus-Pima 
Duval (Now Cyprus Sierrita) 
City of Nogales 
Citizens Utility (Rio Rico) 

4,444
2 

0 

5,339 
8,549 
3,949 
2,683 

24,964 

Agricultural Subcontracts Pending 
FICO 

% of Total Supply to Agriculture3

1.39 

Agricultural Subcontracts Declined 
Avra Valley I.D. 3.69 

2.14 

1 

2 

3 

Cortaro-Marana 1.0. 

All allocation amounts are based on deliveries in 2034. 

All mining allocations are established on a declining scale (e.g .• 
allocations in 2000 are greater than allocations in 2034). ASARCO's 
allocation actually goes to zero. 

Agricultural allocations are established based on a pro rata share of 
water available after firm allocations to municipal, industrial, and 
Indian users's are fulfilled. 
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system is scheduled for completion. 
At times when the Colorado River is 
in surplus, increased CAP deliveries 
could be as high as 300,000 acre-feet 
per year. 

2) Generation of Additional Colorado
River Water

Surface water flows in the Colorado
River basin could be increased using
weather modification or watershed
management techniques. Both of
these techniques are discussed in
detail later in this chapter. The
average water yield in the Colorado
River system could be increased by
an estimated 2 million acre-feet per 
year if these techniques were fully
implemented in the Colorado River
Basin. A portion of this increase
would be allocated to Arizona
users. The major impact of such
progr:ams would be to reduce the
number of years of "shortage"
conditions and increase the number
of years of normal deliveries. This
would be of great benefit to CAP
users because it would increase the
dependability of CAP supplies,
reducing the need to develop
supplemental supplies.

The federal government has
recognized the benefits to Arizona
and the entire basin of augmenting
the Colorado River. The Colorado
River Basin Project Act and the
Colorado River Salinity Control Act
(P .L. 93-320) have included provi
sions commiting the Secretary of the
Interior to augment river flows.

The Department will continue to
work with the federal government
and the other Colorado River Basin
states to ensure that the national
obligation to augment Colorado
River flows to satisfy the require
ments of the Mexican Water Treaty
is fulfilled.
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d. Potential Demand for CAP Water

The previous discussion identified the
potential to increase the amount of
water delivered to the Tucson AMA
using the CAP delivery system. It is
anticipated that potential demand for
CAP deliveries to Tucson water users
will exceed available supplies. Tucson
Water, the state's largest CAP
Municipal and Industrial (M&I) water
subcontractor, projects a need to sup
plement its CAP allocation by the year
2008. Other municipal subcontractors
have expressed interest in increasing
their supplies as well. Generally, water
users are interested in increasing their
supplies in order to: 1) ensure deliveries
during years when CAP demand exceeds
the supply available, 2) accommodate
growth that was not anticipated during
the initial allocation process, and
3) further decrease the dependence on
groundwater.

e. S tor-age and Recovery Projects

Underground storage and recovery
projects can be used in conjunction with
the CAP to store surplus water supplies
until the water is needed by water
users. Proposed storage sites are close
to the CAP aqueduct to minimize trans
portation costs. Several entities have
conducted site-specific feasibility
studies for storage and recovery
projects.

In the Tucson AMA, the issue of the
CAP aqueduct's reliability and terminal
storage will be resolved during the
second management period. In the Plan
6 funding agreement of April 1, 1986,
terminal storage is defined as "surface
storage facilities or an alternative to
surface storage facilities, in the Tucson
area, which, if approved by the
Secretary, will provide as reasonably
reliable a supply of municipal and
industrial water for the water users in
the Tucson area as is provided for other
major Central Arizona Project M & I



water subcontractors." The resolution 
of this issue relates to how CAP will be 
used by water users in the Tucson AMA. 

It is also possible that additional 
management goals could be achieved 
through development of terminal 
storage. For example, the storage 
facility could be designed to provide 
surplus storage to help firm up CAP 
deliveries during drought years. There 
may also be cooperative storage and 
recovery projects that would assist in 
effluent exchanges and resolve delivery 
problems in Green Valley and Santa 
Cruz County. Tucson AMA water users 
will rely on storage and recovery 
projects to ensure that maximum 
deliveries of CAP water to the region 
will be feasible. Through these projects, 
CAP water that is available will be 
stored to be used when CAP supplies are 
limited or when CAP deliveries are 
interrup_ted. 

f. Plan 6 Dams

Plan 6 refers to the development of
reservoir facilities for CAP water. Plan
6 facilities, located primarily in the
Phoenix AMA, will allow storage of 
water that could play an integral part in 
beneficial water exchanges and reallo
cations. Plan 6 includes the modifi
cation of Roosevelt and Stewart
Mountain Dams and the construction of
New Waddell Dam. The Plan 6 dam
system can be used to augment water
supplies by: 1) adding storage space to
capture surplus storm water runoff and 
2) providing a variety of CAP system
operating options to facilitate water
transfers and exchanges by water users
and providers.

The storage facilities identified in Plan 
6 indirectly benefit water users in the 
Tucson AMA. Many management 
options and water exchanges are
possible with the use of Plan 6 dams.
They are limited primarily by the ability
of water users to reach agreements.
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g. Future Directions

The Central Arizona Project is the 
state's primary water supply augmen
tation strategy during the second 
management period. The Department 
will encourage water users to maximize 
the use of CAP water and the CAP 
delivery system, and will work toward 
the following objectives: 

• In cooperation with CA WCD and
USBR, determine excess carrying
capacities for all reaches of the CAP
delivery system

• Work with CAWCD to develop
procedures for using the CAP/Plan 6
system to transport augmented water
supplies to the Active Management
Areas. These procedures would
clarify legal rights to use the system,
set contract procedures and fee
schedules, and prioritize water user
access to excess storage and carrying
capacities

• Provide support to water users
wishing to develop water supplies to
maximize use of the CAP carrying
capacity and Colorado River
entitlements

J. WATER REUSE - EFFLUENT

Although the Groundwater Code defines 
effluent in broad terms (A.R.S. 
§ 45-402.6), the focus of this discussion
is on the use of treated municipal
wastewater. Effluent is an increasing
water source within the AMA, yet it is
currently significantly underutilized. It
is therefore critical to address and
develop this resource within the early
years of the second management
period. Efforts to more fully utilize
effluent are focused on: 1) increasing
direct use, and 2) increasing controlled
recharge for that effluent which cannot
be used directly. Direct use of effluent
is centered on agricultural and turf
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irrigation applications, although other 
direct use possibilities exist. 
Conservation programs designed to 
encourage the use of effluent are 
discussed in the Agricultural, Municipal, 
and Industrial Conservation Programs in 
this plan. 

1. Effluent Generation

In 1985, approximately 50,000 acre-feet 
of effluent was produced in the Tucson 
AMA. Projections indicate that effluent 
generation will increase to 85,000 acre
feet per year during the second 
management period. There are over a 
dozen wastewater treatment facilities 
in the Active Management Area, but 
only a few are large enough for an 
effective direct use and groundwater 
recharge program. Over 80 percent of 
the Tucson AMA's effluent is discharged 
from the Roger Road and Ina Road 
treatment plants located along the 
Santa Cruz River. Other major 
facilities are located at Randolph Park 
in Tucson, in Green Valley, and in 
Nogales. The Interna tiona I Wastewater 
Treatment Plant in Nogales receives and 
processes wastewater from Nogales, 
Arizona, and Nogales, Sonora. 

The Pima County Wastewater Manage
ment Department, responsible for 
managing most of the area's effluent, 
emphasizes larger "centralized" 
facilities for the collection and 
treatment of effluent in order to take 
advantage of cost, operational, and 
monitoring efficiencies. Smaller, local 
facilities serving specific uses (such as 
resorts or residential subdivisions) are 
not prohibited but have been 
discouraged by the County in the past. 

The existence of a few facilities 
treating most of the effluent provides 
greater opportunities for both direct use 
and artificial groundwater recharge. 
Large quantities of effluent can be 
treated more cost-effectively to the 
advanced levels necessary for some 
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direct use and recharge applications. 
Water quality objectives are also 
promoted by using and recharging higher 
quality effluent from these facilities. 

Presently, most facilities are required 
to treat wastewater only to "secondary" 
levels in order to meet discharge permit 
requirements. However, changes in 
permit requirements and the emphasis 
on increasing direct use and artificial 
recharge has led to expansion of 
recharge facilities and consideration for 
the expansion of the Roger Road and Ina 
Road treatment plants. The Roger Road 
plant currently has an advanced treat
ment capacity of 9,000 acre-feet per 
year and is in the process of expanding 
to 28,000 acre-feet per year. Plans for 
future regional treatment plants at 
Kolb/Bilby and Harrison/Pantano will 
include advanced treatment capabilities. 

2. Current Effluent Use

In 1989, approximately 11,000 acre-feet 
of effluent was used in the Tucson AMA 
for agricultural and turf irrigation. 
About 4,000 acre-feet was delivered to 
the Cortaro-Marana Irrigation District. 
The remainder was used by parks and 
golf courses. 

A number of ongoing activities suggest 
that the use of effluent will increase 
dramatically during the second 
management period. In addition to post
secondary treatment plant expansion, 
Tucson Water is embarking on an 
ambitious expansion of its reclaimed 
water distribution system. Most parks 
and golf courses in the metropolitan 
area will have access to reclaimed 
water by 1995. Furthermore, both Pima 
County and the City of Tucson have 
adopted policies requiring the use of 
effluent by new turf facilities. Finally, 
both economic and regulatory incentives 
for effluent use are an integral part of 
this management plan. 



Another incentive for the use of 
effluent results from a recent tightening 
of standards for effluent discharged to 
stream channels. To achieve these 
standards, costly improvements to 
treatment plants must be made. 
However, these costs can be avoided if 
all effluent is directly used or 
recharged. 

3. Effluent and Artificial Recharge

Three factors limit the ability to
directly use all effluent generated
during the second management period.
First, the quality of effluent is generally
insufficient to be directly introduced
into a potable water supply system.
Direct use is therefore limited to
irrigation and industrial applications.
Second, users of effluent for irrigation
purposes have peak summer water
demands and low winter demands.
Effluent generation, however, is directly
related to indoor water consumption and 
is relatively constant throughout the
year. Third, over time, effluent
generation will exceed the demand for
its use for irrigation purposes.

Artificial recharge allows effluent to be
stored during lower demand periods and 
recovered later during peak demand
periods. Recharge also allows the
possibility of indirect potable use of
effluent when one considers: l )  the
ability of advanced wastewater treat
ment systems to bring the water to
drinking standards, 2) the additional
filtering and cleansing properties that
recharge offers by percolating water
through the subsurface, and 3) the
blending and dilution that occur when
the recharged water mixes with the
receiving groundwater.

4. Current Recharge Activities

There are a number of effluent recharge
activities, both in the operational and 
planning stages, occurring in the Tucson
AMA. Arizona's first significant
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effluent recharge facility has been 
operated by Tucson Water since early 
19&6. The facility, located immediately 
across the Santa Cruz River from the 
Roger Road Treatment Plant, presently 
consists of infiltration basins that cover 
l3 acres. Effluent is delivered to the 
Roger Road Reclaimed Water Treat
ment Facility for advanced filtration 
and additional disinfection. The water 
is then delivered via a buried pipeline to 
the recharge facility. The facility is 
designed to provide temporary storage 
when reclaimed water generation 
exceeds direct use needs. Based on the 
timing of reclaimed water demands, an 
on-site production well recovers the 
stored effluent and delivers the water to 
Tucson Water's reclaimed water 
distribution system. 

The data and operational experience 
gained from Tucson Water's effluent 
recharge facility complements the 
ongoing planning of future effluent 
recharge activities. Tucson Water has 
retained a consultant to conduct a 
comprehensive recharge feasibility 
assessment. The assessment, conducted 
in phases, looks at effluent as well as 
CAP water and storm runoff as viable 
sources for artificial recharge. Phase 
A, completed in the summer of l 9&7, 
identified recharge site areas for 
further study. Additional site 
evaluations, including pilot recharge 
facilities, are included in Phase B. It is 
anticipated that construction of large
scale recharge facilities will be 
completed in time for initial delivery of 
CAP water to the area. 

Other effluent recharge planning 
includes the Rillito River recharge 
feasibility study and the Santa Cruz 
County recharge assessment. The 
Rillito River study is further discussed 
in Section K of this chapter. Of note is 
that the study will evaluate the 
feasibility of integrating effluent and 
runoff recharge along an unregulated 
(with respect to upstream detention 
structures), semi-arid drainage system. 
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A Santa Cruz County recharge study has 
been conducted by the U.S. Army Corps 
of Engineers as part of their States 
Assistance Program. The study focused 
primarily on the identification of 
recharge site areas and emphasized the 
possibility of effluent recharge at those 
sites. 

5. Future Directions

Reclaimed water is a viable and growing 
resource in the Tucson AMA. The 
Department will continue to work 
toward increased effluent use by: 

• Encouraging the direct use of effluent
by agricultural, municipal, and
industrial users

• Providing augmentation funds for
effluent recharge projects

• Identifying institutional barriers to
effluent recharge and working to
resolve those constraints

• Facilitating the permit process for
allowing effluent recharge projects
that are consistent with Tucson AMA
water management goals

• Providing planning and technical
assistance to entities interested in
implementing direct use and effluent
recharge projects

K. ANALYSIS OF AUGMENTATION

MEASURES 

In addition to assessing water storage, 
Central Arizona Project, and effluent 
use options, the Department conducted 
in-depth studies of four augmentation 
measures that could be implemented 
during the second management period. 
The four measures identified are: 

• Increasing the efficient use of storm
water runoff
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• Increasing inter-basin water transfers

• Developing watershed management
strategies to increase water yields

• Using weather modification to
increase precipitation

The studies identified the approximate 
quantity of water available, the relative 
costs of additional water, the 
constraints on the development of new 
water supplies and the role of the 
Department in future water supply 
development. Each augmentation 
method is summarized in the following 
sections. These four methods, however, 
do not represent all water supply options 
available during the second management 
period. 

1. Storm Water Runoff

Storm water runoff from small water
sheds is a potential source of additional 
water for the Tucson AMA. The 
Department contracted with a consul
tant to assess the potential for storm 
water utilization and to identify 
potential environmental, legal, and 
institutional constraints to this 
augmentation method. 

a. Concepts and Techniques

Two types of storm water could be used 
in the Tucson AMA: runoff from high 
intensity rainstorms, and runoff that 
occurs from mountain snowmel t and 
lower intensity storms. During high 
intensity rainstorms, large quantities of 
water either flow out of the AMA or 
recharge aquifers within the Active 
Management Area far from where the 
water is needed. Flows from low
intensity storms and mountain snowmelt 
are the principal components of natural 
recharge. The water from these events 
generally remains in the AMA. Much of 
this storm water runoff could be used 
directly or recharged in areas where 
water demands are high and aquifers 
have been depleted. 
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l) Direct Use

Direct use of storm water runoff
requires minimal storage and
conveyance. Examples of potential
direct use applications include:
l) use in artificial lakes, 2) diversion
into existing water delivery systems
for agricultural irrigation, and
3) flood irrigation of turf areas.

To date, direct use of storm water 
runoff has not been extensive. 
Factors limiting direct use include: 
l) the cost of building structures to
capture, store, convey, and apply
excess runoff, 2) the need to reduce
sediment loads, and 3) the uncer
tainty of runoff being available on a
regular basis. Because of these
limitations, no attempt has been
made to quantify potential direct
use. Direct use of storm water
runoff might, however, be a feasible
option in some situations.

2) Artificial Recharge

The beds and banks of the Tucson
AMA's major drainage systems are
extremely efficient natural recharge
galleries. The coarse sands and
gravels that underly the region's
washes accept water readily. Snow
melt runoff that fills Tanque Verde
Creek from bank to bank, for
example, is usually reduced to a
trickle by the time it reaches the
Santa Cruz River.

Although natural recharge is
extremely efficient, some runoff
still leaves the basin. In addition, of
that water which does recharge
within the basin, much of it occurs in 
a less than optimal location. The
objective of artificial runoff
recharge is to: l) capture runoff
that otherwise would have left the
basin, or 2) relocate the recharge
process to where the stored water
can more beneficially be used.

223 

AUGMENTATION AND REUSE PROGRAM 

Recharging depleted aquifers or 
storing water underground for with
drawal at a later time is, in most 
situations, a more feasible use for 
excess runoff. Storm water is now 
recharged in urban areas to a limited 
extent through the use of on-site 
detention or retention basins and dry 
wells. As previously mentioned, 
storm water runoff recharge and 
flood control are considered 
complementary concepts. 

Flood control structures provide 
opportunities for recharging water 
by impounding, storing, and 
controlling runoff. Existing 
structures can be modified to 
increase infiltration and recharge. 
The storage capacity of some 
facilities can be increased by 
excavation in the reservoir, raising 
the crest height, or raising the outlet 
or spillway elevation. New flood 
control facilities can be located and 
constructed to maximize infiltration 
and recharge. 

b. Existing Storm Water Runoff Program

Many of the region's governmental
entities are actively integrating flood
water management with runoff
recharge. The City of Tucson and Pima
County, for example, have explicitly
included groundwater supply develop
ment as one of the objectives of their
retention/detention ordinances. The
continued growth and urbanization of a
number of the smaller communities will
necessitate a comprehensive integrated
approach to future floodwater manage
ment and recharge. The paving and
development of Marana, Oro Valley,
Green Valley, and the Santa Cruz
County area will generate additional
runoff to manage. The opportunity
exists to design future flood control
facilities that treat floodwaters as a
resource rather than a nuisance.
Ongoing Rillito Recharge Project
investigations will generate information
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and methodologies useful in meeting 
that objective. 

The Rillito Recharge Project is a 
proposed multi-source recharge facility 
being cooperatively pursued by the 
Department of Water Resources, Pima 
County Flood Control District, and 
Tucson Water. One of the project's 
primary objectives is to demonstrate the 
integration of flood control and 
recharge along the Rillito River. Major 
questions to be addressed include: 
l) What measures can be employed to
maintain recharge rates given the
Rillito's high sediment loads? 2) How
can the facility be designed and
operated to be a safe and functional
amenity to the surrounding community?
and 3) How can runoff from an unregu
lated drainage system be integrated
with other water sources (effluent or
CAP water) at a single recharge
facility?

Another major objective of the Rillito 
Project is to demonstrate interagency 
"cooperative" water management. Each 
agency has a slightly different set of 
objectives in collectively pursuing a 
common project. Pima County is 
primarily interested in the flood control 
and recreational aspects of the 
project. Tucson Water's emphasis is on 
data collection and subsurface storage 
possibilities. The Department's primary 
objective is developing transferable 
recharge data for water supply 
enhancement. 

c. Stocm Water Rtmoff Assessment

The Department initiated an assessment 
to estimate the potential for use of 
stormwater runoff as a water supply. 
The first step was to identify water
sheds having outlets within the Tucson 
AMA or whose main stream channel 
passes through the AMA. Eleven 
watersheds were selected for study 
based on the following criteria: 
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• Watershed outlet location

• Location of existing flood control
facilities

• Political boundaries

• Groundwater conditions within the
watershed

• Location in relation to water demands

A rainfall/runoff model was then used to 
estimate watershed yield, infiltration, 
and excess runoff available for the 
eleven watersheds. "Watershed yield" is 
that precipitation which actually 
reaches the watershed's drainage 
channel as runoff. Some precipitation is 
consumed by the soi I zone and 
eventually is lost to evaporation and 
transpiration. 

"Infiltration" is primarily that portion of 
the watershed yield that infiltrates 
within the watershed's main drainage 
channel. In some watersheds, existing 
flood control structures (retention/ 
detention basins, drywells, etc.) 
contribute to total infiltration. While 
this water is not available as runoff, 
most of it naturally recharges the 
aquifer and only a portion is lost to 
evapotranspiration. 

"Excess runoff" is watershed yield minus 
infiltration. It represents the amount of 
runoff present at the watershed's down
stream outlet. This is the water to be 
potentially utilized by a future flood 
control/storm water runoff recharge 
facility. For each watershed, excess 
runoff was estimated for the 2, 10 and 
25-year storm events. In any given
year, the 2-year storm has a 50 percent
probability of occurring, the l 0-year
storm a l O percent chance, and the
25-year storm a 4 percent chance. The
cumulative yields, infiltration, and
excess runoff for the 2-year and 10-year
events are shown in Table 7-C. Figures
for the 25-year storm event are omitted
because it is, generally, not considered
to be cost effective to design and
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TABLE 7-C 

WATERSHED YIELD, INFILTRATION, AND EXCESS RUNOFF 
FOR REC04MENDED WATERSHEDS* 

TUCSON AMA 

* 

STORM 

EVENT 

2-Year

10-Year

WATERSHED 

YIELD 

18,200 

66,500 

EXCESS 

INFILTRATION= RUNOFF 

9,900 8,300 

18,800 47,700 

All volumes rounded to nearest 100 acre-feet 

construct a facility to handle the 
25-year event.

d. Watersheds Recommended for
Artificial Recharge

The eleven watersheds were evaluated
and ranked based on their opportunities
for artificial recharge with storm water
runoff. The following screening criteria
were used:

• Availability of excess runoff

• Groundwater conditions

• Hydraulic proximity to users

• Presence of existing storage facilities

• Water quality

From this screening process, seven of 
the eleven watersheds were recom
mended for initial consideration. The 
seven are: 1) Brawley Wash near the 
Arizona-Sonora Desert Museum, 2) Los 
Robles Wash near Red Rock, 3) Santa 
Cruz River near Red Rock, 4) Canada 
de! Oro at the Santa Cruz River, 
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5) Rillito River at the Santa Cruz River,
6) Pantano Wash at the Rillito River,
and 7) Santa Cruz River at Arizona
Highway 86.

e. Institutional and Environmental
Constraints

Surface water rights to excess runoff
will, in most cases, be required by
entities proposing direct use or artificial
recharge projects.

Storm water runoff utilization projects
must be constructed and operated in a
manner that will not impair the perfor
mance of existing and planned flood
control facilities. This requirement may
be a major constraint to the amount of
excess storm water runoff potentially
available for use in the Tucson AMA.

The Pima, Santa Cruz, and Pinal County
Boards of Supervisors are responsible for
the maintenance and operation of most
existing flood control structures on
small watersheds in the Tucson AMA.
Use or modification of these facilities



TUCSON AMA SECOND MANAGEMENT PLAN 

for recharge would require the permis
sion and cooperation of the county 
governments and other agencies that 
may be involved in projects, including 
the U.S. Soil Conservation Service, U.S. 
Army Corps of Engineers, and the U.S. 
Bureau of Reclamation. Construction of 
new facilities in floodplains would also 
require the approval of appropriate 
regulatory agencies. 

Groundwater quality considerations may 
also constrain the development of runoff 
recharge projects. Runoff from 
watersheds comprised primarily of 
undeveloped lands is commonly of a high 
quality. In agricultural areas, use of 
pesticides and fertilizers may add 
contaminants to runoff. Runoff from 
urban watersheds is generally of poorer 
quality. A recharge or storage and 
recovery permit from the Department 
will be required for runoff recharge 
projects. 

f. Future Directions

Artificial recharge of excess storm 
water runoff is a viable strategy for 
increasing water supplies and redistri
buting existing supplies to areas of the 
Tucson AMA where water demands are 
highest. During the second management 
period, the Department will work 
toward the utilization of storm water 
runoff by implementing the following 
strategies: 

• Continue participation in the Rillito
Recharge Project to evaluate the
feasibility of recharge in other areas
of the Tucson AMA.

• Provide augmentation grants for
detailed studies on watersheds identi
fied as having a high potential for
storm water utilization.

• Coordinate closely with flood control
agencies in the Active Management
Area to incorporate, whenever
possible, recharge objectives in the
development of flood control projects.
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• Assess the potential for providing
additional regulatory incentives for
building groundwater storage and
recovery projects in areas of high
water demand. (Under existing
legislation, entities do not receive
withdrawal credits for artificially
recharging runoff that would recharge
naturally within the Active
Management Area.)

• Assess the potential to resolve legal
issues related to the diversion and use
of storm water runoff.

• Assess the potential storage methods
to determine the feasibility for use in
watersheds in the Tucson AMA.

2. Water Transfers

Importation of water from outside the 
Active Management Areas could signifi
cantly help reduce groundwater over
drat t in each Active Management Area, 
and help cities obtain assured water 
supply designations in 2001. 
Recognizing the potential of transfers 
to reduce groundwater use, several 
cities in the Phoenix AMA have 
purchased farmland in rural areas with 
the intent of transferring agricultural 
water rights for municipal use. By 1987, 
approximately 73,500 acre-feet of water 
rights had been purchased by Phoenix 
area cities for future transfers. 

Potential water transfers utilizing the 
CAP delivery system are a viable water 
supply augmentation strategy for Tucson 
AMA water users. However, the issue 
of water transfers to the state's 
metropolitan areas has become 
politically controversial because of 
concerns regarding the potential 
impacts of transfers in rural communi
ties. At the direction of the Joint 
Legislative Committee on Water 
Transfers, the Department completed a 
study in December, 1987 to evaluate the 
potential impacts of water transfers. 
The following sections briefly 



summarize current statutory constraints 
on water transfers and potential impacts 
in rural areas. (As used in this chapter, 
the term "water transfers" shall refer to 
both the severance and transfer of 
surface water rights, and the transpor
tation of groundwater between sub
basins or away from a basin or Active 
Management Area.) 

a. Current Constraints on Transfers

The transportation of groundwater is
regulated by the Groundwater Code.
(A.R.S. § 45-541, et seq.) Although the 
Code allows the movement of ground
water to any location within the state.
It sets forth conditions under which a
landowner who has suffered injury or 
impairment of his or her water supply
may sue the transporter to recover
damages. These conditions may occur
when the transporter moves ground
water across a basin or sub-basin
boundary. (A.R.S. §§ 45-542 and 45-543)

Transfers of surface water within
Arizona are regulated by state statutes
that control changes in the four major
characteristics of a surface water right: 
1) source of supply, 2) point of di version,
3) place of use, and 4) purpose of use.
Although approval by the Director is
required to change the place of use and
purpose of use of a surface water right,
(legally termed a "sever and transfer")
the statutes do not create significant
barriers to surface water transfers from
basins outside the AMAs.
(A.R.S. §§ 45-172)

Transfers of Colorado River water to 
the AMAs are subject to the jurisdiction 
of the U.S. Secretary of the Interior. 
Any modifications to existing contracts 
which allocate the bulk of Arizona's 
Colorado River entitlement would have 
to be approved by the Secretary. To 
date, the Secretary has approved two 
sever and transfer actions of Colorado 
River water contracts. It is unlikely 
that the Secretary will block future 
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transfers, provided there are no 
negative third party effects. 

b. Potential Impacts of Transfers

The Department's Water Transfer Study
identified the potential hydrologic,
economic, and environmental impacts of
water transfers in rural communities.
The following discussion summarizes
potential impacts in these areas.

1) Hydro logic Impacts

The study indicated that the hydro
logic impacts of transfers would vary
markedly depending on the area.
The transfer of Colorado River
water, a renewable resource, would
have a nominal hydrologic impact
within the present use area. The
primary impact would probably be a
small change downstream in water
quality at the higher potential water
transfer volumes.

Impacts from groundwater with
drawals and transfers would vary
widely among different areas and
according to the volumes of water
transferred. In basins in which
groundwater withdrawals are now
minimal, increased pumping for
water exportation would probably
result in accelerated water level
declines and increased potential for
land subsidence and earth fissures.
In basins in which agricultural lands
would be retired to provide water for
exportation, there would likely be no
acceleration of water level declines
if pumping levels remain at or below
agricultural withdrawal rates. The
study indicated that groundwater
withdrawals from concentrated areas
would cause more severe hydrologic
impacts than pumping from dispersed
areas.
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2) Economic Impacts

The study indicated that the magni
tude of socioeconomic and fiscal
impacts would vary according to an
area's size and the degree of
economic diversity. Extensive
removal of irrigated acreage in all
areas would result in a decrease in
employment, tax revenues, and
economic activity associated with
the agricultural base that would not
be easily absorbed by other economic
sectors.

The projected economic impacts on
an absolute basis would be more
severe in areas supporting a more
diverse economy. Absolute impacts
(i.e., total tax revenue lost) will be
greater in diversified economies
because of the multiplier effects
related to lost employment and tax
revenues. However, projected socio
economic impacts in smaller, less
diversified areas may be large
relative to the existing economic
profile.

In addition, secondary tax revenues
associated with bonding capacity
would be affected to the extent that
tax rates will have to be increased to
maintain a viable bonding program.

3) Environmental Impacts

Retired agricultural lands require
maintenance to prevent problems
associated with noxious weeds, dust,
and other undesirable effects to
adjacent lands remaining in agricul
tural production. Any retirement of
productive farmland would result in
these effects if preventive measures
such as revegetation are not taken.

4) Other Impacts

The effect of decreased local water
supplies on the ability of rural areas
to grow economically was not
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specifically analyzed in the Water 
Transfer Study. This issue was the 
primary concern raised during public 
meetings held to discuss the transfer 
issue. If economic growth was 
dependent only on available water 
supplies, an evaluation of water 
transfer impacts would have been 
relatively easy to accomplish. 
However, economic development is 
driven by numerous factors other 
than an abundant local water supply. 

Arizona's mining industry provides an 
example of how development often 
occurs in areas with limited water 
supplies. The mines have rarely had 
adequate water supplies adjacent to 
ore bodies, but have taken steps to 
bring water to the mine sites. 
However, in areas where there are 
competing uses for water supplies, 
any water transfers large enough to 
cause a severe depletion of the 
water supply could affect the area's 
development potential. 

c. Future Directions

Inter-basin water transfers will be 
considered by many water users as a 
management tool during the second 
management period. The Department 
will continue to research the issues 
regarding interbasin water transfers, 
including the potential economic and 
hydrologic impact on Arizona's rural 
communities. Statutory and regulatory 
mechanisms will be examined to mini
mize adverse consequences to third 
party interests while facilitating 
transfers to the Active Management 
Areas. In the future, the Arizona 
Legislature may impose additional 
restrictions on water transfers to pro
tect rural communities from potential 
negative impacts. These restrictions 
may determine whether inter-basin 
transfers remain a viable augmentation 
strategy for the Tucson AMA. 



3. Watershed Management

The concept of increasing water yield
from Arizona's mountain watersheds was
first proposed in the Barr Report in
1956. The U.S. Forest Service 
established several small experimental
watersheds in Arizona during the l 960s
and 1970s to evaluate potential water
yield increases through watershed
management.

In recent years, watershed management
to increase water yields has been
included in Forest Management Plans
for lands in Arizona managed by the 
Forest Service and the U.S. Bureau of 
Land Management. These forest plans 
reflect the importance of considering
improved water yields as an aspect of
multiple-resource land use planning for
public lands. The Department can play
an important role in developing coopera
tion and coordination with other govern
mental agencies involved in watershed
management efforts.

a. Management Techniques

Small watershed studies indicate that
water yield can be increased through
management of the chaparral, ponderosa
pine, and mixed-conifer vegetation
zones. Management techniques vary for
each vegetation type, but the concept is
the same: reduce evapotranspira tion
water losses through vegetation
conversion. In the chaparral zone, brush
and low-growing trees are replaced with
grasses. Ponderosa pine and mixed
conifer lands are thinned or cut in
patches and strips to reduce plant water
use.

The general concept is to manage
watersheds to increase water yields
while maintaining a harmonious balance 
among other resource values. In
Arizona, the most feasible techniques
would be determined in accordance with
the multiple use approach that is
directed for management of the public
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lands in the state. As a result, the 
actual method used for managing the 
watersheds will have to address oppor
tunities not only to increase water 
yields, but also to improve wildlife 
habitat, increase forage and timber 
yield, increase water supplies for wild
life and livestock, restore riparian 
areas, increase recreational oppor
tunities, and reduce the damaging 
effects of wildfires. 

b. Land Suitable for Watershed
Management

There are about 7 .4 million acres of 
Arizona lands in the three vegetation
zones: 2.8 mil lion acres of chaparral,
4.3 million acres of ponderosa pine
forest, and 0.31 million acres of mixed
conifer forest. Seventy percent of this
acreage is managed by the U.S. Forest
Service. Most of the land is located
north of Phoenix within the Salt and
Verde River watersheds.

On much of this land, however, manage
ment for increased water yield is
constrained by wilderness designations,
steep slopes, low precipitation, and
other institutional or physical factors.
In 1981, Solomon and Schmidt of the
Forest Service estimated that about 2.8
million acres of National Forest lands
were potentially suitable for manage
ment considering these constraints.

These potentially treatable acres must
be viewed within the context of forest
resource management as a whole. The
1976 National Forest Management Act
requires each National Forest to develop
a multiple use plan for managing its
resources. ( 16 U.S.C. § 1604) The many
uses of a forest are sometimes comple
mentary but often competing. Some of
the uses the plan must address include
wilderness preservation, recreation,
wildlife, grazing, water supply, water
quality, timber production, and mining.
A forest plan cannot maximize all these
objectives, but rather must strike a
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TABLE 7-D 

POTENTIAL WATER YIELD INCREASES THROUGH WATERSHED MANAGEMENT* 
ARIZONA NATIONAL FOREST LANDS 

(acre-feet per year) 

Chaparral Ponderosa Pine Mixed Conifer Total 

43,000 
to 

107,000 

Increases 
from 

Management 

25,000 
to 

70,000 

15,000 
to 

30,000 

3,000 
to 

7,000 

* 

Adapted from Solomon & Schmidt, U.S. Forest Service, 1981 

balance for the maximum short and 
long-term public benefit. Water supply 
is but one of many objectives forest 
planning must consider. Watershed 
management for increased water yield, 
therefore, can only be considered within 
the context of comprehensive forest 
management. 

c. Additional Water Available to the
Active Management Areas

Based on prior studies, potential water 
yield increases from Arizona's National 
Forests have been grossly estimated by 
extrapolating the results of small 
watershed studies to the 2.8 million 
acres of land identified as suitable for 
management. Table 7-D shows the 
range of potential water yield increases 
for each vegetation zone from National 
Forest lands. The range represents 
various levels of watershed management 
due to additional management con
straints. The estimated increase from 
vegetation zones identified to be 
suitable for treatment in the state 
ranges from 43,600 to l 07 ,000 acre
feet. It should be recognized that this 
range is dependent on the maximum 
intensive treatment of appropriate 
vegetation zones. Since it is unlikely 
that all feasible areas can be managed 
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due to competing forest management 
objectives, the range indicated should be 
considered a maximum. Significant 
changes in forest management priorities 
would have to occur to be able to 
achieve these water yield increases. 

d. Tucson AMA Applications

Opportunities for direct application of 
vegetation management techniques in 
the Tucson AMA are extremely limited. 
While there are representative stands of 
ponderosa pine, mixed conifer, and 
chaparral communities, their extent is 
relatively small, occurring only in the 
mid to high elevations of the region's 
mountain ranges. Based on the need to 
protect critical habitat and maintain 
soil stability, the Coronado National 
Forest has concluded that there is little 
opportunity to increase water yield. 

Indirectly, water supply enhancement 
through watershed management is 
potentially beneficial to the Tucson 
AMA. Any additional water generated 
from the central and northern portions 
of the state would drain to the Salt and 
Verde River drainages, ultimately 
ending up in storage facilities serving 
the greater Phoenix metropolitan area. 
Tucson AMA entities interested in 



participating in an augmentation 
program could seek water exchanges 
with Phoenix area cities. For instance, 
the City of Phoenix could take a Tucson 
AMA entity's portion of the augmented 
supply and leave the same quantity of 
Phoenix's CAP allocation in the aque
duct for delivery to the Tucson area. 
Furthermore, future storage facilities 
associated with Plan 6 may allow the 
actual surface runoff generated to be 
placed in the aqueduct for delivery to 
Tucson. Under either scenario, a major 
constraint is the uncertainty of whether 
the cooperators funding a watershed 
management program will have legal 
rights to the additional water generated. 

e. Economics of Watershed Management

Economic considerations regarding
watershed management have not been
fully evaluated to date. A compre
hensive cost-benefit analysis of this
augmentation option should include an
evaluation of:

• Treatment costs

• On-site impacts from vegetation
conversion

• Impacts to the stream system from
increased flows

• Costs to mitigate environmental
impacts

• Water transmission losses

• Benefits of increased water supplies

• Costs related to storage and delivery
of water yield from management
activities

Factors affecting project cost or benefit 
for chaparral, determined by Brown, 
O'Connell and Hibbert in l 97 4, included 
effects on wildlife, water quality, soil 
erosion, livestock, timber production, 
aesthetic values, fire hazards, and 
hydroelectric power generation. 
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f. Current Forest Service Projects

Three National Forests -- the Apache
Sitgreaves, Coconino, and Tonto -
evaluated watershed management as
part of their planning process. The
Tonto National Forest has included
watershed management objectives in its
50-year Forest Plan. The plan calls for
management of up to 20,000 acres of
chaparral lands annually, depending on
available funding and other management
constraints.

g. Future Directions

Watershed management is still being
analyzed as a viable augmentation
measure for Arizona. During the second
management period, the Department
will continue to encourage land manage
ment agencies in the state such as the
State Land Department, the U.S. Forest
Service, and the U.S. Bureau of Land
Management to integrate increasing
water yields through watershed manage
ment into their multiple-resource
planning process. In addition, the
Department will attempt to analyze the
integration of watershed management
and weather modification activities.

To further analyze the potential for
implementing watershed management
activities in the state, the Department
is working through the U.S. Department
of Agriculture's Field Advisory
Committee (FAC). Figure F-C illus
trates the area currently being
evaluated by the F AC in the Arizona
Water Resources Study for future
watershed management applications.
The following questions and contraints
will be examined through this inter
agency study and subsequent studies:

• Water ownership questions

• Other legal/institutional issues

• Total costs
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• Benefits to water users in local areas
and Active Management Areas

• Necessity for storage and flood
control

• Downstream environmental impacts
and mitigation of those impacts

• Impacts on other land uses such as
recreation, forage, and wildlife
habitat

4. W eather Modification

Weather modification has been cited as
one of the _most p�omising water supply
�u�mentatlon options for the future, yet
1t 1s the one option studied for the
second management period which has
the most uncertainty and the most need
for further research. Since the late
1940s, researchers have investigated
weather to determine whether it is 
possible to increase precipitation and
resulting streamflows. Recent studies
of winter cloud formation processes and
precipitation patterns over the moun
tains of central Arizona have revealed
sufficient information to conclude that
the State should continue to pursue
cloud seeding as an augmentation
alternative.

a. Concepts - Study Methods

Th� seeding of winter orographic clouds
to increase precipitation has been under
investigation in Arizona since 1986. In
cooperation with the U.S. Bureau of
Reclamation, the Department of Water
Resources has conducted a series of
investigations to evaluate the feasibility
of cloud seeding to increase the water
yield from the Salt and Verde River
Watersheds. Information collected from 
field i!'1vestigations, carried out using
the mid-January to mid-March period in
both 1987 and 1988, has shown that a
reasonable frequency of seedable winter
clouds exists over these watersheds and
that these clouds contain a considerable
amount of excess cloud liquid water that
can be converted into precipitation.
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b. Additional Water Available

Given the prevailing weather patterns
and efficiency of treatments the USBR

. 

'

estimated that up to a 15 percent in-
crease in snowpack in the Mogollon Rim
area could be achieved in an average
year. However, some scientific
literature questions whether yields from
weather modification activities are
significant and dependable. To identify
the actual quantity of water available to
water users in years when the water is
needed, further research will be
necessary.

c .  Tucson AMA Applications 

Like watershed rnr.1 .. ,gement, direct 
application of weather modification 
techniques in the Tucson AMA is not 
c?nsidered to be feasible. As previously 
discussed, the Mogollon Rim area shows 
the most promise for the use of weather 
modification to increase water yield. 
The most viable way for the Tucson 
AMA to benefit from weather modifica
tion activities is indirectly -- through 
water exchanges and the use of the CAP 
delivery system. 

Also like watershed management the 
limitations on the CAP aqueduct 'to 
accommodate these additional flows is a 
significant consideration. Additional 
water generated through weather 
modification is even more of a concern 
than the increased water yield through 
watershed management because of 
timing. Peak flows occurring on the 
Colorado River (and therefore the CAP 
system) unfortunately occur at roughly 
the same time as water generated from 
weather modification activities--during 
the spring snowmelt season. CAP 
simulation runs will have to be 
generated to determine whether there is 
ample freeboard in the canal to handle 
these flows. In addition, studies are 
needed to evaluate how artificial 
recharge can play a role in maximizing 
CAP canal utilization. 
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d. Environmental Impacts

The potential environmental effects of
cloud seeding in Arizona have not been 
studied extensively. Studies conducted
elsewhere however, have been used in an 
attempt to project long and short-term
impacts. These studies have focused on
three types of impacts: l) impacts from
delivery of the seeding agent and the 
seeding material itself, 2) impacts from
the increase in precipitation and
associated changes in ecological and 
social communities, and 3) impacts from 
streamflow increases and changes in 
flow regime. Before initiating a full
scale cloud seeding program in Arizona,
short-term pilot programs should be
conducted to adequately assess the
potential environmental effects of
weather modification.

Information concerning the general
physical attributes and impacts of 
snowpack increases must be developed.
Based on information produced for pre
vious studies elsewhere in the western
states, general environmental impacts
should be identified and discussed.
Since most of the cloud seeding effort
would likely impact National Forest
lands, compliance with Federal National
Environmental Policy Act requirements 
must be incorporated into the program.
The kinds of original data collection and
monitoring necessary to accurately
identify site specific impacts for both
experimental and operational programs
will be identified during the second
management period.

e. Costs of Weather Modification

Any water yield increases from cloud
seeding programs would occur during
spring snowmelt runoff. Additional
water would flow through the Salt and 
Verde Rivers at a time when natural
stream flows are at their highest. In all
but the driest periods, increased
reservoir storage capacity would be 
necessary before water yield increases

234 

to downstream users would be 
achieved. If weather modification 
research indicates the potential for 
substantial water yield increases, 
additional research will be needed to 
estimate the potential costs for 
developing water storage and delivery 
facilities. 

Cost estimates for an operational 
program in the Mogollon Rim area are 
highly variable, depending on: l) the 
criteria used for estimating the number 
of weather patterns suitable for seeding, 
2) the relative use of ground and air
craft seeding, 3) the extent of weather
monitoring required, and 4) the extent
of environmental monitoring done. The
USBR estimates the cost of Colorado
River basin-wide weather modification
activities would range from $5.00 to
$10.00 per acre-foot, not including
storage or delivery costs.

f. Institutional Factors

Since the outcome of a succesful cloud
seeding program would increase surface
water yield from the Salt and Verde
River watersheds, the proposed alloca
tion of this "new water" needs to be
thoroughly addressed with respect to
present Arizona surface water law. The
standard criteria utilized in evaluating
surface water and its use is the effect
of any action on vested rights. As a
result, this aspect of the Weather
Modification Program will have to
include the participation of major water
users affected by the program. At this
time, it appears that a negotiated
allocation of any additional water yield
which can be shown to be above normal
yield will have to take place.

These problems suggest studies are
needed to determine who will be
impacted by weather modification, what
water yield increases and losses will

occur, and the relative allocation of
costs and benefits among participants
and impacted groups. Ultimately, it



may be necessary for the courts or the 
legislature to resolve potential legal 
issues for which precedents do not exist. 

g. Future Directions

Many questions need to be resolved 
regarding the feasibility of weather 
modification as a means to augment 
Tucson AMA water supplies. The focus 
of the Department's efforts during the 
second management period will be to 
address the following: 

• Quantify potentially available
precipitation and resulting streamflow
enhancement produced through cloud
seeding

• Develop an Arizona-specific
environmental assessment and
monitoring program

• Analyze the legal and institutional
barriers which may need to be
overcome prior to implementation of
a cloud seeding program

• Develop computer-assisted hydrologic
models to evaluate augmented
streamf low and reservoir impacts

• Develop an intensive citizen
participation program to ensure that
all affected and interested parties are
involved
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During this management period, the 
Department will conduct research that 
will give the State of Arizona the 
necessary data to determine if  weather 
modification is a feasible and practical 
method to augment the water supplies 
of the Tucson AMA. 

L. CONCLUSION

The focus of this chapter has been on 
defining the Department's role in 
augmenting the water supplies of the 
Active Management Area. The exami
nation of the augmentation alternatives 
shows that there is a need for active 
participation by the Department in 
researching, developing, and imple
menting water supply augmentation 
strategies. This examination resulted in 
the development of an augmentation 
program that will use regulatory 
incentives, technical assistance, the 
Department's ability to coordinate and 
facilitate cooperative projects, a 
committment to resolve institutional 
and legal barriers, and monies from the 
augmentation and conservation 
assistance fund to enhance the state's 
ability to resolve groundwater supply 
problems through the development of 
alternative water sources. 
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A. INTRODUCTION

This chapter describes how the water
conservation requirements in this
management plan are implemented,
steps water users must take to comply
with the Groundwater Code and
management plan provisions, and how
the Department works to ensure com
pliance with the plan's requirements.
The following topics are discussed in the
order I isted:

• Notice of Conservation Requirement -
Compliance Dates

• Variance and Administrative Review
Process

• Plan Modification Procedures

• Groundwater Use Monitoring and
Reporting Requirements

• Monitoring and Audit Procedures

• Enforcement Approach

Compliance with agricultural, munici
pal, and industrial conservation 
requirements is vital to attaining the 
Tucson Active Management Area's 
water management goal of safe-yield. 
When necessary, the Department will 
use the Groundwater Code's statutory 
authority to ensure the success of 
Second Management Plan conservation 
programs. The Department's enforce
ment approach and procedures are 
discussed in Section G of this chapter. 

B. NOTICE OF CONSERVATION
REQUIREMENT - COMPLIANCE
DATES

Within thirty days after the final
adoption of the Second Management
Plan, affected water providers,
distributors, and users were mailed a
certified letter with written notice of
their intermediate and final irrigation
water duties or conservation require-
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ments. Where conservation require
ments in one chapter of the plan are 
referred to in another chapter, both 
chapters' requirements were contained 
in the notice. 

The Department will again serve written 
notice to a provider, distributor, or user 
of their intermediate or final conserva
tion requirements two years prior to the 
compliance date of the requirement. If 
a compliance date covers a period of 
one calendar year ending upon 
December 31 of that year, the Depart
ment will provide notice two years prior 
to January l of that calendar year. If 
any intermediate requirements begin 
January l ,  1992, the Department will 
include a specific notice of those 
requirements in the same mailing 
containing the initial notice of all 
requirements. When a right to withdraw 
groundwater is sold or conveyed, the 
new owner will receive written notice of 
the applicable requirements. 

Until the first intermediate compliance 
date (or final compliance date if there is 
no intermediate requirement) is 
reached, the person noticed must 
continue to meet all applicable First 
Management Plan requirements. In this 
chapter, "person" means "an individual, 
public or private corporation, company, 
partnership, firm, association, society, 
estate, trust, any other private 
organization or enterprise, the United 
States, any state, territory or country 
or a governmental entity, political sub
division or municipal corporation 
organized under or subject to the 
constitution and laws of this state." 
(A.R.S. § 45-402.24) Any intermediate 
requirements are superseded by later 
intermediate requirements or final 
requirements upon reaching the appli
cable compliance dates. Persons 
noticed of final requirements must 
continue to meet those requirements 
until any subsequent Third Management 
Plan requirements. 



C. VARIANCE AND ADMINISTRATIVE

REVIEW PROCESS

Persons receiving a notice of Second 
Management Plan conservation require
ments or irrigation water duties may 
apply for a variance or administrative 
review. An application for administra
tive review may be made at any time 
during the second management period. 
An application for a variance must be 
made within 90 days of the date of 
notice of the water duty or conservation 
requirement. 

1. Variances

A variance provides additional time to 
achieve specific water duties or conser
vation requirements. The Director may 
grant a variance for up to five years, if 
the applicant demonstrates that compel
ling economic circumstances prohibit 
the attainment of the water duty or 
conservation requirement by the date 
specified in the notice. Persons granted 
a variance must meet the water duties 
or conservation requirements by the 
dates specified in the variance. In the 
interim, they must comply with 
applicable requirements. 

2. Administrative Reviews

An aggrieved person may apply for 
administrative review at any time. If 
the person applies for administrative 
review within 90 days after the initial 
written notice for a Second Management 
Plan water duty or conservation 
requirement, the Director shall deter
mine whether an error or omission was 
made in calculating the person's water 
duty or conservation requirement. The 
Director may also consider other 
unusual circumstances requiring a 
change in the water duty or conser
vation requirement. 

If a person applies for an administrative 
review more than 90 days after their 
initial Second Management Plan notice, 
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the person must prove that extra
ordinary circumstances, not in existence 
as of the date of the notice, make it 
unreasonable to comply with the water 
duty or conservation requirement. 

Extraordinary circumstances not in 
existence as of the date of notice for 
municipal providers may include, but are 
not necessarily limited to, the following: 

• Smaller service area populations than
were projected in the procedure used
to determine the total gallons per
capita per day (GPCD) requirement

• A lower actual value of persons per
household than was projected in
determining the total GPCD
requirement

• A higher actual ratio of single family
dwelling units to multifamily dwelling
units than was projected in deter
mining the total GPCD requirement

• A small provider transitioning to a
large provider with a predetermined
new large provider total G PCD
requirement which is not consistent
with the provider's existing water use
patterns

Extraordinary circumstances not in 
existence as of the date of notice for 
irrigation grandfathered right holders 
may include, but are not necessarily 
limited to, the following: 

• Less favorable economic conditions
than were projected in determining
the irrigation water duty

• Changes in water quality altering
water application rates

Extraordinary circumstances not in 
existence as of the date of notice for 
industrial users may include, but are not 
necessarily limited to, the following: 
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• Changes in technology and economics
that af feet the economic return of
the facility

• Changes in federal, state and local
regulations which prevent compliance
with conservation requirements

• Changes in water quality

D. PLAN MODIFICATION PROCEDURES

The Second Management Plan does not
include the modification provisions
which were in the First Management
Plan. (Under the First Management
Plan, a municipal water provider could
obtain a modification to its total GPCD
requirement under certain conditions.)
Now, modifications may only be made
through A.R.S. § 45-572. Under this
statutory provision, the Director may
modify elements of the management
plan whereby the irrigation water duties
or conservation requirements for an
entire category of users is affected.
The Director may also modify an
individual water duty or conservation
requirement if it is determined that
extraordinary circumstances justify the
modification. Unlike either the
variance or administrative review, the
Director must conduct a public hearing
prior to modifying the management
plan.

E. GROUNDWATER USE MONITORING
AND REPORTING REQUIREMENTS

The Groundwater Code contains a
number of provisions which enable the
Department to acquire needed informa
tion on water use and to evaluate
compliance with the Code and Depart
ment rules, permits, and management
plans. The water use monitoring and
reporting requirements summarized
below are also designed to provide water
users with the data needed to assess
their progress in attaining conservation
requirements.

240 

1. Measuring Devices

The Code requires persons withdrawing
groundwater from non-exempt wells in
Active Management Areas or Irrigation
Non-expansion Areas to use water
measuring devices approved by the
Director. (A.R.S. § 45-604) Some small
non-irrigation users, however, are
exempt from the measuring device
requirements. The Department has
adopted rules requiring the use of an
approved device, or combination of
devices and methods, for measuring
rates of groundwater withdrawal which
allow the calculation of the total annual
volume of groundwater withdrawn.
(A.A.C. Rl2-15-901 et seq.) Persons
subject to the measuring device
requirement must maintain the accuracy
of the device within specified standards.

2. Records and Annual Reports

The Code requires persons who own or
lease a right to withdraw, receive or use
groundwater in an Active Management
Area to file an Annual Water With
drawal and Use Report with the
Director for each right they hold.
(A.R.S. § 45-632) Those persons using
water which has been transported from
an Active Management Area must also
file an annual report. All persons
required to file annual reports must
maintain current and accurate records
of the water withdrawn, delivered,
received, and used.

Persons withdrawing groundwater from
exempt wells and most non-irrigation
customers of cities, towns, private
water companies, and irrigation districts
are exempt from record keeping and
reporting requirements. Persons
receiving water pursuant to a ground
water withdrawal permit and persons
assigned and noticed of individual user
requirements must meet the record
keeping and reporting requirements.



The Code specifies the minimum 
content of annual reports and authorizes 
the Director to require additional 
information. The reports must be in the 
form prescribed by the Director, and 
must contain a sworn statement or 
certification that the reported infor
mation is true and correct according to 
the best belief and knowledge of the 
person filing the report. Reports must 
be maintained on a calendar year basis 
and filed with the Department no later 
than March 31 of each year for the 
preceding calendar year. 

The Code contains other reporting 
requirements. Each person delivering a 
combination of surface water and 
groundwater, whether commingled or 
otherwise, for use by cities, towns, 
private water companies, industries, 
agriculture, or other users, must provide 
the Department with an annual 
accounting of all surface water and all 
groundwater delivered to each class of 
user and to each farm. (A.R.S. § 45-468) 

The following sections briefly outline 
reporting requirements for different 
types of water users. The Department 
furnishes detailed instructions to each 
water user regarding their reporting 
requirements. 

a. Irrigation Grandfathered Right Holders 

An annual report detailing the total
amount of water used from all sources
must be submitted for each irrigation
grandfathered right. Right holders who
own their own wells must document the
method by which they calculated their
groundwater withdrawals. For those
receiving all of their water from an
irrigation district or other irrigation
water delivery entity, either the
individual or the entity may submit the
report. Persons with more than one
irrigation grandfathered right must
submit an annual report for each right.
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b. Irrigation Water Delivery Entities

Cities, towns, private water companies,
and irrigation districts delivering water
to irrigation grandfathered right holders
must measure and report their total
annual withdrawals from their wells.
These entities must also report the
amount of surface water and the amount
of groundwater delivered to each of
their irrigation customers. The
Agricultural Conservation Program in
Chapter 4 of this plan sets forth
additional reporting requirements.

c. Mu nicipal Water Providers

Each municipal provider must report its
total groundwater and surface water
deliveries. The Municipal Conservation
Program in Chapter 5 of this plan sets
forth additional reporting requirements.

d. lndustr ial Water Users

Industrial users include persons with
drawing water pursuant to a Type l or
Type 2 non-irrigation grandfathered
right or a groundwater withdrawal
permit. Each industrial water user must
report its total annual groundwater
pumpage. The Industrial Conservation
Program in Chapter 6 of this plan sets
forth additional reporting requirements.

e. Recharge, Storage and Recovery

Moni taring and reporting requirements
for both recharge and underground
storage and recovery projects are
prescribed in permits issued by the
Department of Water Resources and the
Department of Environmental Quality.

Holders of recharge permits are
required to file an annual report which
includes the following information:

• The quantity of water from each
source used for recharge under the
permit for that year
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• The number of days during the year
that recharge project was in operation

• Such other in formation as the 
Director may reasonably require

Holders of underground storage and 
recovery permits are required to file an 
annual report which includes the 
following: 

• The quantity of water from each
source stored pursuant to the permit
for that year

• The registration number and location
of each well used to recover stored
water

• The quantity of fuel or electricity
consumed by the pump for each well 
during the year 

• The quantity of each type of stored
water recovered by each well during
the year

• The names of any persons, other than
non-irrigation customers of municipal
providers, to whom the recovered
water was delivered during the year;
the quantity of recovered water
delivered to each such person; and the
uses to which the recovered water
was applied

• Specific monitoring and reporting
requirements as stated in the permit

• Such other information as the 
Director may reasonably require

f. Individual Users

Individual users are defined as turf
related facilities, new large cooling
users, and landscaped public rights-of
way served by municipal providers.
Those individual users which have
conservation requirements which are
"substantially identical" to those
contained in the Industrial Conservation
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Program (Chapter 6) for industrial users 
(turf-related facilities and new large 
cooling users) are responsible for filing 
annual reports with the Department. 
The information which must be reported 
is outlined in Chapter 6. Either the 
municipal provider or the individual user 
may be responsible for filing the annual 
report, depending on who was notified of 
the conservation requirements. 

F. MONITORING AND AUDIT

PROCEDURES 

The Groundwater Code allows the 
Department to enter property where 
facilities for the withdrawal, trans
portation, or use of groundwater are 
located (A.R.S. § 45-633) to: 

• Inspect facilities subject to Code
prov1s1ons

• Obtain data or access to records
relating to the withdrawal, use or 
transportation of groundwater

• Determine compliance with the Code

The Department will give persons 
reasonable notice of inspections or 
investigations unless there is reason to 
believe that such notice would frustrate 
enforcement or where entry is sought 
solely to inspect a measuring device. 
The Department will audit the records 
of a sufficient number of persons to 
ensure overall compliance with the Code 
within the Tucson AMA.

1. Measuring Devices

The Department systematically
monitors compliance with the measuring
device requirements. Before all field
visits, the Department contacts well 
owners to ask for their cooperation and
presence during the inspection.
Standardized procedures and equipment
are used to test the accuracy of
measuring devices. The Department



checks a significant percentage of the 
wells in the Tucson AMA each year. 

2. Irrigated Acreage Monitoring

The Department monitors irrigated
acreage and irrigation water use in the
Tucson AMA using annual reports, U.S.
Agricultural Stabilization and
Conservation Service crop records,
energy records, aerial photography, and
satellite-based remote sensing data.
These procedures are also used both to 
detect illegal irrigation and to deter
mine the accuracy of annual water use
reports. The Department investigates
any discrepancies which are identified.

3. Audits

The Department conducts audits of
annual reports by water users to check
the accuracy of the reports. An audit is
a detailed review by Department staff
of the water use records which must be 
kept by each person required to file an
annual report. Each year, the Depart
ment audits a significant number of
annual reports to ensure overall
compliance with the Groundwater Code
and the management plan for the
Tucson AMA.

G. ENFORCEMENT APPROACH

Most entities and individuals comply
with the requirements of the Ground
water Code and management plans when
they understand what is expected of
them. In the past, most violations have
been due to ignorance of Code or
management plan provisions, or uninten
tional mistakes, rather than deliberate
refusals to comply. Because of the
public's willingness to comply, the
Department will emphasize public
education and information in its
enforcement efforts. However, the 
Code does allow the Director to seek
civil and criminal penalties for
violations. The Department will use
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these powers when necessary to ensure 
the attainment of the Tucson AMA

water management goal. 

1. The Role of Education

The Department educates water users in
several ways to help them meet their
irrigation water duties or conservation
requirements. First, conservation
requirements and methods for reducing
water use are explained to affected
users. Conservation assistance pro
grams are being designed to encourage
specific water-saving approaches in
each water use sector. Second, the
Department attempts to inform water
users of impending violations when they
are discovered. Pre-violation notices
make users aware of potential problems
so that corrective action can take place
before violations occur. Third, those
persons in violation of the management
plan are given additional assistance in
designing conservation programs to
meet their needs.

2. Determination of Compliance

The mandatory conservation program
contained in the Second Management
Plan is designed to achieve reductions in
groundwater withdrawals. Consequent
ly, persons given notice of water duties
and conservation requirements estab
lished in the plan are required to comply
with those duties and requirements only
in those years in which they withdraw,
distribute or receive groundwater. The 
following discussion explains how 
compliance with maximum annual water
allotments and total GPCD require
ments is determined in those years in
which a person withdraws, distributes,
or uses groundwater.

Compliance by a person with a 
maximum annual water allotment or 
total GPCD requirement is generally 
determined by comparing the total 
amount of water used by the person 
during the year with the amount of 
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water the person was entitled to use 
during the year as measured by the 
allotment or total GPCD requirement. 
Use of water by the person in an amount 
which exceeds the allotment or total 
GPCD requirement does not necessarily 
mean that the person is out of 
compliance for that year, however. To 
account for weather variations or other 
factors which may result in the use of 
more water in some years than others, 
operating flexibility accounts have been 
established for farms and municipal 
providers which allow them to either 
borrow or bank water from year to year 
subject to certain limits. 

Flexibility accounts for farms are 
established pursuant to statute. (A.R.S. 
§ 45-467) If the total amount of water,
other than spill water, used by a farm
during a year is less than its maximum
annual groundwater allotment, the
farm's flexibility account is credited
with the amount of groundwater saved.
Credited groundwater accumulates
indefinetely and can be used at any
time. If the total amount of water,
other than spill water (see A.A.C.
R l2-15-1001.9), used by a farm during a
year exceeds its maximum annual
groundwater allotment, the farm's
flexibility account is debited by the
amount of groundwater used, up to the
amount of the excess. A farm is out of
compliance with its maximum annual
groundwater allotment if its use of
water during a year causes its flexibility
account to be in arrears in an amount
which exceeds fifty percent of its
maximum annual groundwater
allotment.

Flexibility accounts for municipal 
providers are established pursuant to 
Section 5-105 of the Second 
Management Plan. If the total amount 
of water, other than spill water and 
effluent which is not recovered effluent, 
used by a municipal provider in a year is 
less than the amount of water the 
provider was legally entitled to use in 
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the year, as measured by its total GPCD 
requirement, the provider's flexibility 
account is credited with the difference, 
up to a maximum positive account 
balance of 30 GPCD. If the total 
amount of water, other than spill water 
and effluent which is not recovered 
effluent, used by a municipal provider in 
a year exceeds the amount of water it 
was legally entitled to use in the year, 
its flexibility account is debited with 
the difference, up to a maximum nega
tive account balance of -10 GPCD. A 
provider is out of compliance with its 
GPCD requirement in any year in which 
its flexibility account is debited by an 
amount of water which causes the 
account balance to exceed the maximum 
negative account balance allowed in the 
account. 

If a debit to a municipal provider's 
flexibility account causes the provider 
to be out of compliance with its total 
GPCD requirement, the extent of the 
provider's non-compliance is determined 
by the amount of groundwater used 
during the year. Al though water from 
all sources, other than spill water and 
effluent which is not recovered effluent, 
used by the provider during the year is 
counted when determining the provider's 
compliance with its total GPCD require
ment, groundwater is counted last. This 
is consistent with the intent of the 
Groundwater Code that other available 
sources of water be used before ground
water is used. It also allows the 
Department to determine whether, and 
to what extent, the provider has failed 
to reasonably reduce its per capita use 
of groundwater. If the total amount of 
water used by the provider during the 
year exceeds the amount of water 
determined to be reasonably necessary 
for its use, as reflected in its total 
GPCD requirement, the provider has 
failed to conserve the groundwater 
included in the excess. 

The process of counting groundwater 
last is called "stacking," because the 



groundwater is added to (or "stacked" 
on) the other sources of water used by 
the provider during the year before 
comparing the amount of water used 
with the provider's total GPCD 
requirement. This process is also used 
when determining compliance by a farm 
with its maximum annual groundwater 
allotment. 

Because groundwater use is counted 
last, the amount of water debited to a 
provider's account will be comprised at 
least partially of groundwater, with the 
groundwater again stacked on top of any 
other sources of water present. If the 
debit causes the account balance to 
exceed the maximum negative account 
balance, the provider is out of compli
ance for the year by the amount of 
groundwater included in the debit, up to 
the excess. 

Turf-related facilities, dairy operations 
and cattle feedlot operations are subject 
to maximum annual water allotments. 
Compliance by such entities with their 
maximum annual water allotments is 
determined by comparing their total 
water use during a year with their 
maximum annual water allotment for 
the year. As in the case of municipal 
providers, groundwater used by the 
entity during the year is counted last. 
Therefore, if the amount of water used 
by the entity during the year exceeds its 
allotment, the entity will be out of 
compliance by the amount of ground
water included in the excess. 

Although flexibility accounts have not 
been established for turf-related 
facilities, dairy operations, and cattle 
feedlot operations, the Department has 
included a three-year averaging 
provision in the plan to allow them to 
exceed their allotment in one year and 
make up the difference with water 
saved in prior years. Under this 
provision, the entity will be in 
compliance in a year in which its water 
use exceeds its allotment if the amount 
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of water used by the entity during that 
year and the previous two years does not 
exceed the sum of its allotments for the 
three years. 

Certain types of water users that 
receive water from municipal providers 
must comply with conservation require
ments during the second management 
period if they are given written notice 
of those requirements by the 
Department. Those users include turf
related facilities, publically owned 
rights-of-way, and new large cooling 
towers. Whether, and to what extent, 
such entities have used groundwater 
during a year depends on the distribution 
system through which they receive 
water, and their provider's system of 
accounting for its deliveries. 

If a municipal provider delivers a single 
source of water to such a user through a 
distinct distribution system, all of the 
water received by the user from the 
provider will be considered to have been 
from that source of water. However, if 
the provider delivers water to the user 
through a distribution system through 
which it delivers a combination of 
groundwater and other sources of water, 
the Department will assume that the 
water delivered to the user was 
comprised of the same sources of water, 
arid in the same proportion, as the 
provider's total deliveries through the 
system during the year. This assumption 
will not be made if the provider can 
establish to the satisfaction of the 
Department that the water actually 
delivered to the user was from a single 
source, or was from several sources in a 
proportion different to that of the 
provider's total deliveries. 

3. The Enforcement Process

When the Department's monitoring 
program identifies a potential violation 
or when a person complains about the 
activities of another, an investigation 
will be conducted to obtain the facts 
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and determine an appropriate course of 
action. 

An investigation will usually involve a 
field inspection by Department staff 
after notice to the potential violator. 
The Department may also request the 
individual to produce relevant records 
for audit. Based upon the investigation, 
the Department will determine whether 
there has been a violation and, if so, 
what course of action to take. 

Where the violation is minor, uninten
tional, and does not require corrective 
action, the Department may bring the 
compliance action to a close upon 
discontinuance of the violation. With 
more serious violations, where there is 
reason to believe a person is violating or 
has violated a Code, permit, rule, or 
management plan provision, a hearing 
may be held during which the person 
may sho_w cause why they should not be 
ordered to cease and desist from the 
violation. (A.R.S. § 45-634) 

Following a hearing, the Director may 
issue a cease and desist order, seek c iv ii 
penalties, or take other actions. The 
Code authorizes civil penalties of up to 
$10,000 per day for violations directly 
related to the illegal withdrawal, 
transportation, or use of groundwater. 

Extremely serious cases may also be 
referred for criminal prosecution if 
persons knowingly violate or refuse to 
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comply with the Code, or a permit, rule, 
or order issued or adopted under the 
Code. 

4. Determination of Penalties

An important objective of the com
pliance program is to be as equitable 
and reasonable as possible in imposing 
penalties on violators. The Department 
will strive to set penalties that fit the 
severity of water conservation 
violations. 

The Department's policy is that 
deliberate violations are more serious 
than unintentional ones. Each Active 
Management Area office will keep 
records of educational efforts and aid 
provided to water users, and will 
evaluate the degree to which a violator 
tried to comply with their conservation 
requirements. Those persons who have 
active water conservation programs and 
who still do not achieve compliance may 
be treated differently from those 
persons who have not made a strong 
effort toward meeting their 
conservation requirements. 

Flagrant violations with high public 
visibility will receive prompt and 
relatively strict corrective action from 
the Department. Repeat offenders will 
receive more severe penalties than 
first-time violators. 
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A. INTRODUCTION

Implementation of Second Management
Plan programs will reduce dependency
on groundwater in the Tucson AMA.
However, achievement and maintenance 
of the safe-yield goal will require both 
increased conservation and further
supply augmentation. Conservation
programs presented in this plan are
designed to achieve a maximum level of 
conservation while recognizing
economic constraints and community
values. For the third management
period, which will extend from the year
2000 to 2010, the Department will move 
towards a plan which specifically tailors
conservation and augmentation
programs to the availability of water
supplies under safe-yield conditions.

This final chapter summarizes the com
ponents of the Second Management Plan 
and sets the foundation for development
of the Third Management Plan. 

B. THE IMPORTANCE OF SECOND
MANAGEMENT PLAN REQUIREMENTS

1. Reduction of the Groundwater
Overdraft

The Tucson AMA groundwater overdraft
is expected to decline to roughly 19,000
acre-feet per year by the end of the 
second management period from the 
1985 level of 179,000 acre-feet.
Overdrafted groundwater in the year
2000 will constitute five percent of 
total Tucson AMA supply as compared
to 58 percent in 1985.

The sizeable reduction in overdraft
during the second management period
will result from the importation of CAP
supplies, the conservation and augmen
tation programs contained in the Second
Management Plan, and the retirement of
agricultural land. CAP importations and 
agricultural land retirement are 
expected to account for a majority of 
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the reduction. The conservation and 
augmentation programs are responsible 
for the remainder of the reduction. 

The Second Management Plan conser
vation and augmentation programs are 
intended not only to reduce the over
drat t in the second management period, 
but to lay the groundwork for further 
reductions in future management 
periods. The achievement of Second 
Management Plan program goals 
becomes much more important as the 
third management period approaches. 
During the third management period, 
additional water supply projects 
comparable in scale to the CAP are not 
foreseen. Also, irrigable land available 
for retirement will be less than in the 
second management period. Thus, the 
role of conservation and the identifi
cation of additional renewable water 
supplies will become increasingly 
important in further reducing the 
groundwater overdraft. 

2. Conservation Programs

In developing this plan the Department
established conservation goals based on
the potential of each user to reduce
water consumption. In evaluating the
"maximum potential conservation" in
each sector, factors such as economic
arid technical feasibility and community
values were primary considerations.

Significant population growth is
expected in the Tucson AMA through
and beyond the second management
period. Thus, the achievement of
conservation goals will provide greater
benefits in the future. Municipal and
industrial conservation requirements
emphasize efficient water use in the
design and construction of new
residential, commercial and industrial
facilities. Existing users are expected
to implement water saving practices and
retrofit technology where feasible.
Also, many individual users are asked to
develop spec if ic water conservation



plans which lead to an increased 
awareness of conservation potential and 
enhance the overall ef feet of the 
programs. 

By 2000, it is expected that roughly one
half of the non-Indian irrigable acreage 
existing in l 985 will have been retired 
from farming. That which remains, 
though, is expected to constitute one
quarter of the total non-Indian water 
demand. Agricultural water users are 
expected to achieve increased applica
tion efficiencies by implementing 
water-saving technologies and practices 
which allow for reasonable economic 
return. 

3. The Role of Effluent

By 2000, effluent is expected to 
constitute a much larger portion of the
Tucson AMA water supply. Projections
incorporated into the water budgets in 
Table 2-B assume that 50 percent of 
available effluent will be directly used 
or artificially recharged by the end of 
the second management period. While
the Second Management Plan 
encourages the use of effluent through
incentives, achievement of the 50

percent projection will require
considerable effort. Changes in water
quality standards for effluent discharge
may significantly enhance the feasibility
of effluent utilization.

R esearch activities during the second
management period must include the
identification of potential effluent users
and recharge sites and a determination
of the suitability of effluent for various
uses. Substantial consideration must
also be given to the funding, design and 
construction of wastewater treatment
and effluent distribution systems. The
Department will continue to develop and 
evaluate incentives designed to 
encourage the maximum utilization of 
available effluent.

249 

CONCLUSION AND FUTURE DIRECTIONS 

4. Water Quality

This plan addresses groundwater quality
concerns through an assessment which is
to be updated every three years. The
assessment will allow quality concerns
to be addressed in other Department
water management programs. The
Department will integrate water quality
considerations into water supply
management, especially where water
availability for certain uses is affected.

The Department of Environmental
Quality (DEQ) holds primary responsi
bility for protecting the quality of
Arizona's water resources and the
Department of Water Resources holds
primary responsibility for the
management of the quantity of water in
Arizona. The overlapping nature of
water quantity and water quality
management requires that DWR and
DEQ cooperate and coordinate programs
to a high degree. DWR and DEQ will
continue to ensure that these programs
are complementary. During the second
management period, DWR will use
existing regulatory authorities to
incorporate water quality concerns into
its water supply management programs.
If additional authorities are necessary in
order to more effectively manage water
quality through water quantity
management programs, the Department
may seek enabling legislation after
coordinating such proposals with DEQ.

5. Additional Water Supplies

Increased use of renewable water
supplies will help limit the need for
more stringent conservation require
ments in future management periods.
The provisions in this plan seek to
encourage the development and impor
tation of these supplies through a
program of incentives. The develop
ment of renewable supplies during the
second management period will be an
important element in the demonstration
of assured water supplies in many
regions.
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6. Conservation Assistance

Conservation requirements and augmen
tation programs generally involve the 
use of specific technologies and
practices. Throughout the second
management period, the Department
will assume an increasing role in 
assisting water users. Activities will
include cooperative training programs,
the development of educational
materials, and assistance to individual
users. The ability of users to comply
with plan requirements is crucial to the
success of the plan.

The water users of Arizona will be 
expected to implement a wide variety of 
conservation measures during the second 
management period. Many of these 
measures will be highly innovative and 
may provide excellent examples to other 
users. The Department will provide 
assistance to Arizona's water users by 
monitoring the effectiveness of 
conservation measures used in the state 
and around the nation, and by distri
buting available information to all 
interested parties. 

7. Data Requirements

An accurate determination of conser
vation potential requires the availability
of consistent and reliable in formation.
As many of the Department's regulatory
programs are breaking new ground,
much of this information does not
exist. To fill some of the data gaps
which have been identified, monitoring
and annual reporting requirements call
for certain information. Acquisition and
evaluation of this data throughout the
second management period will lead to
more effective conservation programs in 
future management periods.

The Department will take a leading role 
in organizing research efforts associated 
with other data needs. These needs may 
include the use and recharge of effluent, 
quantification of the net effects of 
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augmentation projects, refinement of 
the amount of natural recharge, and the 
impacts of water quality on specific 
uses. 

Research efforts will involve coordi
nation with other agencies, user groups, 
and community representatives. This, 
along with the development of data 
gathering criteria and a comprehensive 
data base, will improve the efficiency of 
efforts, the accuracy of data, and the 
productivity of future management 
programs. 

&. Indian Water Supplies and Demands 

Water use on Indian reservations is not 
regulated under either the Groundwater 
Code or management plans. The 
Department is, however, interested in 
developing stronger lines of communi
cation with representatives of the 
Tohono O'odham Nation because of their 
important role in the water use patterns 
of this area. 

Issues of significance currently include 
alternatives for using the Tohono 
O'odham's CAP allocation and the 
"exchange water" granted by the 
Southern Arizona Water Rights 
Settlement Act of 1982. It is hoped that 
through a cooperative effort and 
improved communication between the 
Department and the Tohono O'odham, 
the goals of both can be integrated 
during the second management period. 

C. THIRD MANAGEMENT PLAN

APPROACH

1. The "Resource-Based'' Concept

Unlike the requirements of the Second
Management Plan which are primarily
based on conservation potential, the
requirements developed for the Third
Management Plan will hinge upon the
availability of renewable water
supplies. This approach, referred to as



"resource-based" planning, involves 
quantification of the portion of the 
groundwater overdraft to be eliminated 
in the third management period, 
consistent with the achievement of the 
safe-yield goal by 2025. Requirements 
can then focus on the elimination of the 
overdraft and long-term maintenance of 
the balance between groundwater supply 
and demand. 

2. The Planning Process

After reassessing the Tucson AMA
water budget and the size of the over
draft to be eliminated, a comprehensive
inventory of potentially available water
supplies will be conducted. Evaluation
of further conservation potential will
also factor heavily into the process.
These evaluations will lead to a method
of assigning portions of the overdraft to
be eliminated through both supply
management (augmentation) and demand 
management (conservation) programs.
An appropriate share of the overdraft to
be eliminated during the third manage
ment period will then be quantified for
each water using sector and each user.

3. Safe-Yield and Assured Water Supplies

While the Groundwater Code specifies a
goal of safe-yield for the Tucson AMA
as a whole, regional water supply
variations may be considered through
the imp lementation of assured water
supply rules and other groundwater
withdrawal management programs. In
effect, these regulations target the
achievement of safe-yield at a more
localized level, and allow the 
Department to review water withdrawal
and use proposals for consistency with
management plans.

Assured water supply considerations will
become increasingly important in the
third management period. In the year
2001, the Department is authorized by
the Code to review the status of all
entities deemed to have an assured
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water supply based on CAP contracts. 
Upon review, the Department may 
determine that a water provider no 
longer has an assured water supply. 
Thus, conservation and supply augmen
tation efforts made during the second 
management period play a critical role 
in determining the magnitude of Third 
Management Plan conservation require
ments and the ability of a provider to 
add new services. 

Assured water supply considerations will 
be central to the development of Third 
Management Plan municipal and indus
trial conservation programs. Providers 
who have not achieved a reasonable 
level of conservation and who anticipate 
high growth rates within their service 
area will be under the most pressure to 
develop additional water supplies from 
sources outside of the Active 
Management Area. Requirements will 
continue to stress conservation as a 
means of lessening dependence on 
overdra fted groundwater supplies. 

4. Purchase and Retirement of Farmland

The Third Management Plan may 
contain a program targeted at the
purchase and retirement of acreage with
Irrigation Grandfathered Rights.
Beginning with calendar year 2006, the
Department is authorized to assess and
collect a fee of up to $2.00 per acre
foot of groundwater withdrawn annually
for this purpose. The purchase and
retirement of farmland would reduce
dependence on groundwater by elimi
nating a portion of the demand. 

The significance of this program in the
eventual achievement and maintenance
of safe-yield is dependent upon
progress toward achieving safe-yield
through other plan requirements, the
relationship of non-Indian agricultural
demand to the projected groundwater
overdraft, and the economics of
purchasing the lands. Water budget
projections, which wil l continually be
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refined, will play an important role in 
the development of this program. 

D. ACTIVITIES BEYOND THE SCOPE OF

MANAGEMENT PLANS 

1. Other Regulatory Activities

Apart from the management planning
process, the Department will continue
to reinforce the concept of achieving
safe-yield through policy and rule
making mechanisms. Where necessary,
the Department will also coordinate
efforts with other policy and law making
entities.

2. Groundwater Management and the
General Adjudication

Arizona superior courts are currently
determining the relative rights of most
of the state's surface water users in a
general adjudication. This adjudication
is necessary to conclusively define both
the quantity and priority status of
federal, Indian and private water rights.
As the process of determining these
rights is expected to take many years,
specific effects of the adjudication are
unknown.

Impacts could be most severe where 
large amounts of surface water are 
prone to reallocation. In such areas, 
certain users currently dependent on 
surface water may be forced to obtain 
groundwater or other sources of supply. 
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The adjudication process is focused 
primarily on surface water rights. 
However, the !eve I of interaction 
between surface water and groundwater 
in most regions has not been adequately 
defined. Hydrologic investigations 
conducted through the adjudication 
process should assist in determining the 
impact of surface water on groundwater 
supplies. Future plans will need to be 
sensitive to the outcome of the 
adjudication. 

E. CONCLUSION

The Second Management Plan is 
designed both to achieve increased 
conservation and to provide incentives 
for the development and use of addi
tional water supplies. Fulfillment of the 
goals in this plan are imperative if our 
region is to succeed in meeting our goal 
of safe-yield. The ability to demon
strate assured water supplies for future 
uses will also depend heavily upon the 
success of the Second Management Plan. 

It is clear that in future management 
periods, conservation and supply 
augmentation options will entail more 
difficult decisions. Substantial 
reduction of the groundwater overdraft 
during the second management period 
will reduce the burden of these 
decisions. The protection and enhance
ment of a long-term dependable water 
supply depends primarily on the efforts 
of all water users in the Tucson AMA. 
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APPENDIX l 

SUMMARY OF GROUNDWATER CODE PROVISIONS 

A. GROUNDWATER CODE PROVISIONS

This Appendix provides a brief summary of the provisions of the Arizona 
Groundwater Code. Readers should refer to Arizona Revised Statutes§§ 45-401 
through 45-635 for more information. Important provisions and requirements of the 
Code include: 

• Establishment of rights to withdraw groundwater

• A ban on new irrigated acreage in Active Management Areas (AMAs) and
Irrigation Non-Expansion Areas (INAs)

• A prohibition in AMAs against the sale of subdivided or unsubdivided land without
an assured water supply (i.e., a water supply of sufficient quantity and quality to
meet the needs of the development for 100 years) 

• Statewide well registration

• Well construction standards, and well spacing and well impact requirements

• Licensing of well drillers

• Annual reporting of groundwater withdrawals and uses in AMAs and INAs

• Use of approved water measuring devices for all wells subject to annual reporting
requirements in AMAs and INAs

The Code also includes provisions that regulate the transportation of groundwater 
from the point of withdrawal to another location. A person with the right to 
withdraw groundwater may, in most cases, transport water within a sub-basin 
without payment of damages. 

The Code requires the Director to impose an annual withdrawal fee on all persons 
withdrawing groundwater from non-exempt wells within AMAs. The groundwater 
withdrawal fee is comprised of an administration and enforcement fee, an 
augmentation and conservation assistance fee, and a grandfathered right purchase 
and retirement fee. The maximum amount the Director can levy for these three 
fees is purchase and $1.00, $2.00, and $2.00 respectively per acre-foot. 
Consequently the groundwater withdrawal fee may not exceed $5.00 per acre-foot. 
This money is used to finance part of the costs of administering and enforcing the 
law, to fund projects for augmenting water supplies and, if necessary, beginning in 
the year 2006, to purchase and retire grandfathered rights. 
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B. RIGHTS TO WITHDRAW GROUNDWATER IN AMAs

This section summarizes the four types of rights created by the Groundwater Code
to withdraw groundwater in AMAs. The summary necessarily omits many of the
details and restrictions contained in the Code.

l. Exempt Withdrawals

Withdrawals of groundwater for non-irrigation uses from a well with a pump
capacity of not more than thirty-five gallons per minute are exempt from many
provisions of the Code, including water measurement and annual reporting. These
wells are called exempt wells. Exempt wells drilled on or after April 28, 1983 have
a further restriction: withdrawals from these wells for uses other than domestic
uses, including the irrigation of less than two acres of land, and stockwatering may
not exceed ten acre-feet per year. Exempt wells, drilled prior to April 28, 1983, are
not so restricted. Wells that do not meet all applicable criteria are considered non
exempt and groundwater withdrawals are authorized by the groundwater rights
described below.

2. Grandfathered Rights

Persons who pumped or received groundwater from non-exempt wells prior to June
12, 1980, were eligible for a certificate of grandfathered right (GFR). Cities, towns,
private water companies, and irrigation districts withdraw and use groundwater
based on "service area rights." GFRs and service area rights are explained below.

There are three types of GFRs: l) Irrigation GFRs, 2) Type l Non-Irrigation GFRs,
and 3) Type 2 Non-Irrigation GFRs. Persons who wish to irrigate more then two
acres of land within an AMA must have an irrigation GFR. Generally, Irrigation
GFRs were granted to land irrigated between January 1, 1975, and January l ,  1980,
for the purpose of growing plants for sale, human consumption, or for livestock or
poultry feed.

An Irrigation GFR gives the holder the right to irrigate land with groundwater but
does not specify the amount of water that may be used on the irrigated acreage.
The Department's groundwater management plans specify the amount. The water
allocations to individual Irrigation GFR holders for the second management period
are on file and may be reviewed at the respective AMA office. Generally, Irrigation
GFRs may not be transferred to another location.

Type 1 Non-Irrigation GFRs apply to farmland retired from irrigation after January
1, 1965, in anticipation of a specific non-irrigation use. A Type I GFR generally
allows a right-holder to pump three acre-feet of groundwater per acre per year from
the retired land. Type l GFRs may not be transferred to another location, although
water pumped from the original location may be transported to a new location for a
non-irrigation use subject to certain restrictions.

Type 2 Non-Irrigation GFRs apply to non-irrigation withdrawals of groundwater in
existence as of June 12, 1980. Generally, rights equal the maximum amount of
water withdrawn and used for non-irrigation purposes in any one of the five years
prior to June 12, l 980. Type 2 GFRs may be transferred to new locations within an
AMA.
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A person without the required history of groundwater use may obtain the right to 
withdraw and use groundwater by leasing or purchasing a GFR. Both the lease and 
purchase of GFRs, however, are subject to restrictions. As of December, 1987, 
there were 950 Certificates of Grandfathered Water Right within the Tucson AMA. 

3. Service Area Rights

Cities, towns, private water companies and irrigation districts have service area
rights to withdraw and transport groundwater. A city, town or private water
company has the right to withdraw as much groundwater from within its service area
as it needs to serve the residents and landowners within the area, subject to the
conservation requirements imposed in the management plan. The Code defines the
service area of a city, town or private water company as the area of land actually
served by the entity and any additional areas that contain an operating distribution
system owned by the entity and used primarily for the delivery of non-irrigation
water.

Irrigation districts that were withdrawing and delivering groundwater, as of January
l ,  1977, also have the right, with some restrictions, to serve landowners within their
service areas. The service areas of these irrigation districts include the area of land
within the districts' boundary actually being served water by the district at any time
during the five years prior to June 12, 1980. Areas within a district's boundaries, as
of June 12, l 980, that contain an operating distribution system are also included in
its service area. Irrigation districts that were not withdrawing and delivering
groundwater, as of January l ,  1977, have more limited rights to withdraw
groundwater.

The Code does not provide for the quantification of service area rights but does 
place limitations on withdrawals by cities, towns, private water companies and 
irrigation districts (service entities). Service entities that deliver water for non
irrigation use must meet the conservation requirements of the municipal 
conservation program. Persons receiving groundwater from service entities for 
irrigation of two or more acres must have Irrigation GFRs. In addition, holders of 
Irrigation GFRs must meet the conservation requirements specified in the 
agricultural conservation program. 

Irrigation and municipal service entities must comply with the distribution system 
requirements specified in the Municipal and Agricultural Conservation Programs. 
Conservation requirements for irrigation districts and municipal providers districts 
are described in Chapters 4 and 5, respectively. 

The Code restricts extensions of service areas by service entities. Cities, towns and 
private water companies may not extend their service areas primarily for the 
purpose of l )  including a well field within the service area, 2) furnishing 
disproportionately large amounts of water to a large water use (e.g., a large 
industry), unless the use is consistent with the management plan and approved by the 
Director, or 3) including irrigation acres within the boundaries of the service area to 
eliminate a farmer's right to convey an Irrigation GFR for a non-irrigation use. 
Furthermore, a city, town or private water company may not extend its service area 
to serve irrigation water. In most cases, an irrigation district may not extend its 
service area. 
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4. Groundwater Withdrawal Permits

Those not eligible for GFRs or service area rights and who require more water than
what may be withdrawn from an exempt well may apply for the right to withdraw
and use groundwater for non-irrigation uses through a groundwater withdrawal
permit. If the criteria for a withdrawal permit are met, the Director may issue a
permit for new or expanded non-irrigation uses of groundwater. Groundwater with
drawal permits specify limits on the duration and amount of withdrawals. There are
seven types of groundwater withdrawal permits.

• Dewatering permits
• Mineral extraction and metallurgical processing permits
• General industrial use permits
• Poor quality groundwater withdrawal permits
• Temporary permits for dewatering or for electric power generation
• Drainage water withdrawal permits
• Hydrologic testing permits

5. Recharge and Storage and Recovery Permits

In 1986, the Arizona Legislature passed House Bill 2209 which regulates the under
ground storage of water and establishes a permit system for wells used to retrieve
stored water. This legislation also amended the Groundwater Code to allow projects
intended to recharge Arizona's groundwater aquifers. Recharge projects are usually
designed and operated by government agencies and large industries. Anyone wishing
to undertake a storage/recovery project or a recharge project should contact DWR
for more information regarding permits and requirements.

6. Restrictions on Art if iciaJ Lakes

The regulation of artificial water bodies in the First Management Plan has been
expanded by the passage of Senate Bill l 200 in l 987, known as the "Lakes Bill." This
legislation eliminates the need for lake requirements in the Second Management
Plan other than those pertaining to turf-related facilities (Chapter 6). The use of
groundwater in water bodies is permitted under the following conditions:

• If the body of water was filled before January 1, 1987

• If a substantial capital investment was made in developing the body of water prior
to January 1, 1987

• On an interim or emergency basis for up to 5 years until effluent is available. A
special permit from DWR is required until effluent is available.

• If the body of water is an integral part of a golf course which complies with
applicable conservation requirements for turf-related facilities.

• If the body of water is located within a recreational facility open to the public and
owned or operated by a government entity.

Other new large lakes can only be developed with non-potable sources of water such 
as effluent or stormwater runoff. Water bodies with surface areas of 12,320 square 
feet or smaller are not subject to these restrictions. Two or more bodies of water 
connected at or below the land surface are considered to be one body of water. 
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APPENDIX 2 

WATER RESOURCES BASELINE AND PROJECTION BACKGROUND 

TUCSON AMA 

The estimates and projections in the Tucson AMA budgets are two of the numerous 
scenarios developed by the Department (Table 2-A and 2-B in Chapter 2, Water 
Resources Analysis). The assumptions used in these water budgets, explained below, 
reflect a moderate view of water supply and demand. 

A. FIRST AND SECOND MANAGEMENT PLANS - BASE CONDITIONS

In 1984, the Department began collecting water withdrawal and use information 
from water right holders in active management areas. This information, which must 
be reported annually by users as required by the Groundwater Code, has allowed the 
Department, for the first time, to monitor water demands on an ongoing basis with a 
higher degree of accuracy. 

In the First Management Plan, base conditions reflected estimates of average 
demand and supply components for the period 1975 to 1980. In developing revised 
water budgets for the Second Management Plan, the Department chose 1985 as the 
base year after reviewing reported water use data for 1984, 1985, and 1986. The 
demand figures used for 1985 primarily reflect information obtained from 1985 
annual water withdrawal and use reports. With the exception of mining demand, 
1985 municipal, industrial and irrigation demand was approximately equivalent to 
the three-year average. Mining demand in 1985 was slightly higher than the 
average. 

B. PROJECTIONS UNDER BASE CONDITIONS

Water demand projections in Chapter 2, Table 2-A, assume that no additional 
voluntary or mandatory conservation measures are adopted by users beyond those in 
place as of 1985. It is also assumes that municipal and industrial use will grow 
proportionally to population and that irrigation efficiencies will remain constant 
through 2025.

Supply projections also reflect 1985 conditions except that CAP water is assumed to 
be directly used by 1995. Effluent use remains static and incidental recharge is 
derived from 1985 water use efficiencies. No water supply augmentation beyond 
CAP is assumed. 

C. PROJECTIONS ASSUMING SECOND MANAGEMENT PLAN CONSERVATION

Water supply and demand projections assume that Second Management Plan program 
goals are met by 2000, and maintained through 2025. No attempt is made to fore
cast the impact of requirements associated with future management plans. Specific 
assumptions are explained in Sections E and F below. 

It should be noted that target rates and conservation reduction percentages used in 
Chapter 2, Table 2-B, ("Projected Future Conditions Assuming Second Management 
Plan Conservation") are generalized and may not accurately reflect actual 

258 



TABLE 2-1 

TUCSON PJ4A POPULATION PROJECTIONS BY COUNTY 

TUCSON AMA 

1985 1990 1995 2000 2025 

Pima 612,550 721,645 831,411 958,355 1,635,685 
Pinal 446 524 596 678 1,170 
Santa Cruz 20,919 29,227 32,723 36,638 55,735 

Total 633,915 751,396 864,730 995,671 1,692,590 

conservation requirements for individual water providers, industrial users, or 
agricultural users. 

D. POPULATION

Population estimates and projections are Department of Economic Security (DES)
figures for 1989. State agencies, by executive order of the Governor, must use DES
estimates and projections in their planning efforts. A breakdown of population
projections by county for the Tucson AMA is shown in Table 2-1.

E. WATER DEMANDS

1. Non-Residential Municipal, and Non-Mining Industrial Projections

Depending on how they obtain their water, certain identical categories of water users
have their water use accounted for either as non-residential municipal demand or as 
non-mining industrial demand. These categories include turf, commercial/retail, and
some industrial water uses. If such a water user receives water from a municipal
water provider, the use is included under non-residential municipal demand. If the
water is obtained pursuant to a non-irrigation grandfathered right or a withdrawal
permit (usually by the entity's own well), the water is included under non-mining
industrial demand. For instance, a golf course served by Tucson Water is categorized
as municipal demand. A golf course served by its own well, however, is included
under industrial demand.

Under base conditions, aggregate water use projections for these two components
reflect the 1985 ratio of water use to population. Projections assuming the
achievement of Second Management Plan program goals reduce the base figures by
five percent in the non-mining industrial category. Non-residential municipal use
projections are held constant under both scenarios.
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2. Municipal Demand

Municipal demand represents water which is withdrawn, diverted or received by
municipal providers (cities, towns, private water companies and irrigation districts)
for delivery to non-irrigation users. The figure has three components:

Residential demand associated with "existing" users 
(based on 1991 population) 

Residential demand associated with new users (those added after 199 l)  

Non-residential demand 

The residential water use component is arrived at by multiplying "existing user" and 
"new user" per capita water use rates by appropriate population figures. Population 
served by providers is assumed to constitute 98.5 percent of total population ( the 
remaining population is served by private wells). Under base conditions, a residential 
per capita rate of 108 gallons per capita per day (GPCD) is used. With Second 
Management Plan conservation, it is projected that existing users will reduce per 
capita consumption to 100 GPCD, and that new residential users (based on new 
dwelling units) will achieve 83 GPCD. 

Non-residential municipal demand, which includes systems losses and effluent use, is 
projected using the 1985 non-residential water use rate and population projections. 
Projections for both base conditions and Second Management Plan conditions are 
identical. Tables 2-2 and 2-3 summarize municipal projections under base and Second 
Management Plan program conditions. 

3. Industrial Demand

Industrial demand is that which is met by groundwater withdrawn pursuant to non
irrigation grandfathered rights and withdrawal permits. Industrial demand is 
separated into two components for projection purposes: l) mining demand, and
2) other industrial demand.

Mining demand includes water used by large copper mines in the Tucson AMA. 
Projections assume a constant 45,000 acre-feet demand through 2025. This accounts 
for a moderate increase in production over 1985 levels. 

Other industrial demand includes water used for turf, electric power, sand and gravel, 
dairy, feedlot, and general industrial purposes. Projections are based on the 1985 
other industrial water use rate. Under Second Management Plan conditions, the 
projections reflect a five percent reduction from base conditions. Tables 2-4 and 2-5

summarize industrial demand projections under base and Second Management Plan 
conditions. 

4. Irrigation Demand

Irrigation demand includes all water withdrawn, diverted or received for irrigation
purposes. Irrigation demand figures include conveyance system losses.
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TABLE 2-2 

fil.JNICIPAL DEMAND UNDER BASE CONDITIONS 

TUCSON AMA 

1985 1990 1995 
Per CaQita Water Use {GPCD} 
Existing Residential 108 108 108 
New Residential 
Overall Municipal 176 176 176 

Total Demand {acre-feet } 
Residential 76,000 89,000 103,000 
Non-Residential 47,000 56,000 64,000 

TABLE 2-3 

2000 

108 
108 
176 

119,000 
74,000 

NJNICIPAL DEMAND ASSlJ4ING SECOND MANAGEMENT PLAN CONSERVATION 

TUCSON AMA 

1985 1990 1995 2000 

Per Capita Water Use {GPCD} 
Existing Residential 108 105 103 100 

New Residential 83 
Overall Municipal 176 176 176 176 

Total Demand {acre-feet } 
Residential 76,000 87,000 98,000 107,000 
Non-Residential 47,000 56,000 64,000 74,000 
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2025 

108 
108 
176 

202,000 
126,000 

2025 

100 
83 

176 

171,000 
126,000 



Metal Min ing 
Other Industrial 

TABLE 2-4 

INDUSTRIAL DEMAND UNDER BASE CONDITIONS 

TUCSON AMA 

1985 1990 1995 2000 

36,000 45,000 45,000 45,000 
21,000 25,000 29,000 33,000 

TABLE 2-5 

2025 

45,000 
56,000 

INDUSTRIAL DEMAND ASSUMING SECOND MANAGEMENT PLAN CONSERVATION 

TUCSON AMA 

Metal Mining 
Other Industrial 

1985 1990 1995 2000 

36,000 45,000 45,000 45,000 
21,000 24,000 28,000 31,000 

TABLE 2-6 

IRRIGATION DEMAND PROJECTION FACTORS 

TUCSON AMA 

1985 1990 1995 2000 

Non-Indian Irrigable Acres 53,000 45,000 40,000 28,000 
Indian Irrigable Acres 1,000 1,000 1,000 11,300 
Cropped Acreage Factor 43% 50% 50% 70% 
Efficiency: 

Base Conditions 70% 70% 70% 70% 
Second Management Plan 
Conditions 70% 75% 76% 84% 
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2025 

45,000 
53,000 

2025 

21,000 
11,300 

70% 

70% 

84% 



Irrigated acreage projections are separated into Indian and non-Indian lands. Non
Indian irrigation acres are those recognized by the Department as having Irrigation 
Grandfathered Rights. Projections through 2025 are based on estimates of land 
removed from production either due to development, abandonment or conversion to 
Type l Non-Irrigation Grandfathered Rights. The projections do not account for land 
that could potentially be purchased and retired by the Department after 2006. Indian 
irrigation acreage projections are based on current plans of the Tohono O'odham 
Nation. 

To quantify irrigation demand, projected Indian and non-Indian irrigable acres are 
modified by a "cropped acreage factor," which represents the percentage of eligible 
acres actually cropped in a projection year. Irrigation of the cultivated acreage is 
assumed at an application rate of 5.24 acre-feet per acre under base conditions 
(70 percent application efficiency) and 4.37 acre-feet per acre with Second 
Management Plan conservation (84 percent average target efficiency). It is assumed 
that the application efficiencies include conveyance system losses. An average 
consumptive use of 3.67 is used in all projections. Detailed projections appear in 
Table 2-6. 

5. Other Demands

Other demands include exempt well pumpage, phreatophyte evapotranspiration, fish
and wildlife requirements, and other items not accounted for in municipal, industrial
or irrigation demand categories. Other demands are expected to remain constant
through 2025.

F. WATER SUPPLIES

l. Net Natural Recharge

Net natural recharge, the naturally occurring additions to groundwater storage, has
been estimated at 62,000 acre-feet. The components of this figure are described in
Table 2-7.

2. Incidental Recharge

Incidental recharge, the amount of water pumped or diverted which percolates to the
water table, is composed of three elements:

• Municipal:
Industrial:

• Irrigation:

40 percent of effluent discharged into natural channels 
25 percent of mining demand 
Between 12 and 36 percent of total irrigation demand, depending on 
target efficiency (Table 2-8). 

Incidental recharge reflects an inverse relationship with conservation. The figure is 
therefore higher under base conditions due to less efficient irrigation practices (more 
water is applied to crops) and less direct use of effluent (more effluent is discharged 
to stream channels). 
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TABLE 2-7 

NET NATURAL RECHARGE COMPONENTS 

TUCSON AMA 

Upper Santa Cruz 
Sub-basin 

Avra Valley 
Sub-basin Total 

75,000 
16,000 

Mountain Front Recharge 
Groundwater Inflow 
Groundwater Outflow 
Net Natural Recharge 

56.000 
3.000 

-13,000
46,000

TABLE 2-8 

IRRIGATION INCIDENTAL RECHARGE* 

TUCSON AMA 

19.000 
13 .ooo 

-16,000
16,000

-29,000
62,000

Incidental Recharge 
Efficiency 

55% 
60% 
70% 
75% 
85% 

(Percent of Irrigation Demand) 

36% 
32% 
24% 
20% 
12% 

* These factors were obtained from information provided by the USDA Water
Conservation Laboratory.

TABLE 2-9 

CAP ALLOCATIONS AND PROJECTED DELIVERIES 

Municipal and Industrial 
Indian Agriculture* 

TUCSON AMA 

1995 
(ac-ft) 
166,000 
37.800 

2000 
(ac-ft) 
168,000 

37,800 

2025 
(ac-ft) 
177,000 

37,800 

* Does not include 1
1exchange 11 water granted under the Southern Arizona Water

Rights Settlement Act (SAWRSA).
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3. Central Arizona Project

The Central Arizona Project supply component includes projected deliveries for
municipal and industrial purposes (including recharge) and Indian agricultural use.
The municipal and industrial projections are based on the draft Tucson Water
Resources Plan, 1990-2100 (CH2 M Hill, May 1989). Projected deliveries are described
in Table 2-9. 

4. Effluent Prodoction, Use and Recharge

Effluent produced or available is arrived at by multiplying the percentage of Tucson
AMA population sewered (assumed to be 85 percent) by a per capita production rate.
Under base conditions, a rate of 90 GPCD is used while with Second Management Plan
conservation, the per capita figure is reduced to 80 GPCD. These per capita rates
include both residential and non-residential effluent. Projected effluent flows from
Nogales, Sonora, into the Tucson AMA were assumed to increase at 2 percent per
year, and are added to complete this figure. Under base conditions, effluent use
remains constant at the 1985 level (7,000 acre-feet in the Tucson AMA).

Under Second Management Plan conditions, it is expected that 40 percent of the
effluent available in the active management area will be directly used by 2000. The
40 percent effluent use assumption includes both a municipal and industrial (M & I)
component and an irrigation component. The M & I component is consistent with the
draft Tl)cson Water Resources Plan. The irrigation component assumes that 10
percent of the irrigation demand will be served with effluent by the year 2000.

Effluent recharge, under Second Management Plan conditions, is assumed to be 10
percent of available effluent between 2000 and 2025. No effluent recharge is
assumed under base conditions. Detailed effluent production use and recharge figures
under base and Second Management Plan conditions are described in Tables 2-10 and
2-11.

5. Water Supply Augmentation

Augmentation includes amounts yielded from the direct recharge of stormwater in
addition to expected imports from watershed management and weather modification
efforts. (CAP recharge is accounted for in the CAP component, and effluent
recharge is accounted for in the effluent component.)

No supply enhancement is projected in the scenario assuming base conditions. Under
Second Management Plan conditions, the total amount of water obtained from
stormwater recharge, watershed management, and weather modification projected at
I 0,000 acre-feet per year beginning in 2000.
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TABLE 2-10 

EFFLUENT PRODUCTION, USE AND RECHARGE UNDER BASE CONDITIONS 

TUCSON AMA 

1985 1990 1995 2000 

Generated (GPCD) 90 90 90 90 

Effluent Produced 54,000 64,000 74,000 85,000 

Effluent Imported 
* 

(ac-ft) 5,000 6,000 6,000 7,000 

Percent Effluent Used 11% 10% 9% 6% 

Percent Effluent Recharged 0% 0% 0% 0% 

* From Nogales, Sonora

TABLE 2-11 

2025 

90 

145,000 

11,000 

4% 

0% 

EFFLUENT PRODUCTION, USE AND RECHARGE UNDER SECOND MANAGEMENT PLAN CONDITIONS 

TUCSON AMA 

1985 1990 1995 2000 2025 

Generated (GPCD) 90 87 86 80 80 

Effluent Produced 54,000 62,000 71,000 76,000 129,000 

* 

(ac-ft) Effluent Imported 5,000 6,000 6,000 7,000 11,000 

Effluent Used 11% 14% 20% 40% 40% 

Effluent Rechar ged 0% 0% 5% 10% 10% 

* 

From Nogales, Sonora 
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APPENDIX 3-A 

SUMMARY OF THE ENVIRONMENTAL QUALITY ACT 

The following describes components of the Environmental Quality Act of 1986, including 
responsibilities directed to the state agency created by legislation, the Arizona 
Department of Environmental Quality (DEQ). 

DEQ was established, effective July 1987, to administer state programs for water 
quality, air quality, solid waste and hazardous waste. Responsibilities of the former 
Department of Health Services' Division of Environmental Health Services were 
transferred to DEQ. 

Responsibilities for pesticide control were placed in four agencies: the Commission 
of Agriculture and Horticulture, the Department of Environmental Quality, the 
Industrial Commission, and the current Department of Health Services. 

Broad authorities were established for the management, control and regulation of 
sources which may impact water quality, including point and nonpoint sources of 
pollution into surface and ground waters, regulated agricultural activities, 
underground injection control, and other activities which may impact aquifer water 
quality. 

An aquifer protection permit program was established, which requires discharging 
facilities, except for groundwater recharge and underground storage and recovery 
projects, to use the "best available demonstrated control technology" to reduce the 
discharge to the greatest extent possible. 

A comprehensive remedial action program, the Water Quality Assurance Revolving 
Fund, was established with a dedicated revenue source to investigate, assess, 
mitigate, abate, and clean up groundwater pollution from past activities. 

Water conservation or augmentation shall be considered in aquifer protection permit 
determinations and remedial actions. 

• DEQ was required: to adopt numeric toxic standards for surface waters, to adopt
aquifer water quality standards, to define aquifer boundaries, and to establish aquifer
use reclassification procedures. Arizona's aquifers were initially classified and
protected for drinking water use.

Criminal penalties and expanded civil penalties were prescribed for violations of 
State groundwater quality statutes.

Citizens were authorized to sue any person who fails to comply with state water
quality laws.

No person may intimidate, threaten, coerce, terminate, or discriminate against any
person because that person filed a complaint or exercised any right pertaining to the
protection of water quality.

• Advisory groups were established for the development of water quality standards,
aquifer boundaries and best management practices for concentrated animal feeding
operations and the application of nitrogen fertilizers.
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• The State Department of Administration was authorized to staff an Administrative
Law Judge to hear contested compliance orders and to staff a Technical Appeals
Board to hear appeals on contested permits or permit conditions.

Liability for the contamination of waters of the state from hazardous substances shall
be strict, joint, several, and retroactive.

• The public has the right to know information pertaining to the existence and
concentration of chemical constituents of any pollutant discharged which might
potentially impact upon drinking water supplies.

A pesticide contamination prevention program was authorized. Pesticide registrants
were required to submit information on the physical and chemical characteristics that
describe the "environmental fate" of the pesticide's active ingredients; DEQ was
required to establish allowable threshold values for "environmental fate"
characteristics. DEQ has developed and maintains a list of all pesticides that have
the potential to pollute groundwater; these pesticides are subject to specific
monitoring and reporting requirements. Pesticide registrations may be cancelled if
necessary.

Annual reports were required on l) pesticides, 2) well sampling activities, and
3) violations and enforcement of water quality and hazardous waste laws. A report is 
also required every five years on pollutant levels in aquifers and the effects of
regulation and best management practices.

The Environmental Quality Act required that numerous sets of rules be adopted to 
carry out the purposes of the Act. 

268 



APPENDIX 3-B 

SUMMARY OF WATER QUALITY STANDARDS 

The following is a summary of federal and state drinking water standards, health-based 
guidelines, and agricultural guidelines. One or more of the standards has been 
established for each of the water quality parameters addressed in the Water Quality 
Assessment and Management Program, discussed in Chapter 3. 

l. U.S. EPA Maximum Contaminant Level Goals (EPA MCLGs)

EPA MCLGs are developed by the Environmental Protection Agency's Office of
Drinking Water as the first step toward promulgation of Primary Maximum
C ontaminant Levels (Pri-MCLs). Prior to the Safe Drinking Water Act Amendments
of 1986, these levels had been referred to as Recommended Maximum Contaminant
Levels. MCLGs are non-enforceable, health-based standards derived from
toxicological data that includes appropriate factors for public safety.

2. U.S. EPA Primary Maximum Contaminant Levels (EPA Pri-MCLs)

EPA Pri-MCLs are federally enforceable limits for contaminants in drinking water
established by the EPA Office of Drinking Water under the authority of the Safe
Drinking Water Act. MCLs are set as close to MCLGs as is feasible, considering the
best analytical and treatment techniques available and the costs of these techniques.

3. U.S. EPA Secondary Maximum Contaminant Levels (EPA SMCLs)

EPA SMCLs are non-enforceable EPA guidelines for contaminants in drinking water.
These regulations control contaminants that primarily affect the aesthetic qualities
and public acceptance of drinking water. However, health implications may also exist
at considerably higher concentrations of these contaminants.

4. U.S. EPA National Ambient Water Quality Criteria (EPA NAWQC)

EPA NAWQC are promulgated under the authority of the Clean Water Act. The
standards are not mandatory, but states may adopt them as enforceable standards to
protect the beneficial uses of surface water bodies. Three criteria are of concern for
each priority pollutant: the protection of freshwater aquatic life, saltwater aquatic
life, and human health. The table in Appendix 3-C shows the human health standard
for selected constituents.

5. Arizona Primary Maximum Contaminant Levels (AZ Pri-MCLs)

AZ Pri-MCLs are enforceable state standards for contaminants in community and
noncommunity water supplies. These standards were established by the Arizona
Environmental Quality Act, as amended in 1987. The Arizona Department of
Environmental Quality (DEQ) is responsible for enforcement of these standards
statewide, except in Maricopa and Pima counties where the state delegates a portion
of its enforcement authority.
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APPENDIX 3-C 

DRINKING WATER STANDARDS AND GUIDELINES FOR SELECTED PARAMETERS 
DECEMBER 29, 1987 

IHTROOU:TIOH, IH STlt.JCTIONS A ND WARHIHG 

This Drinking Water Standards and Guidelines Table is a con,pendiun of standards, criteria, and g uidelines for selected che11ical contani

nants which have been found in grounawater in the State of Arizona. The descriptions of each type of standard or guideline are included 

in the Water Quality Assess11ent and Managenent Progran (Chapter 3). In order to 11ake the table a 11anageable size. very few explanations 

for the levels are included. Because of this, and the fact that the backgro und docuaentation and knowledge of the derivation of any 

particular niaber is critical to the proper use of the nunber, this table should not be used as a sole source of infor■ation. The 

appropriate reference nateri al or governaenta l agency responsible for es tabl ishi ng the standards and g uidelines should be consul led to 

deternine whether or not the value being considered is applicable to the particular situation, Hot following the suggested procedure 

could result in the selection of an inaccurate or neaningless nullber for the intended purpose. 

All reporting units for each paraneter are the sane as listed in the units colunn unless otherwise noted next to the nunber. 

CAT[c:i:JRIES OF STANDARDS AHO GJIDH IN[S 

The fo 11 owing are the different categories of standards and guidelines shown in the lab le: 

[PA MCLG • 

[PA PRI-MCL 

EPA SMCL • 

EPA NAWQC 

Af PRJ 41CL 

C " 

NC • 

COMMUNITY 

NON-COMMUNITY 

lklited States EnviroMental Protection Agency ([PA), Maxi11un Conta11inant Level Goal 

lklited States [nviroMental Protection Agency ([PA). Primary Maxi11un Conta11inant Level 

lklited States [nviroraental Protection Agency ([PA), Secondary Maxi■un Contaminant Level 

lklited States £nviro1111ental Protection Agency (EPA), National Allbient water Quality Criteria 

Arizona, Priaary Maxi■UM Conta■inant Level 

Carcinogen - A substance or agent producing or inciting cancer. 

Noncarcinogen - A substance or agent not known to produce or incite cancer . 

A public water syste11 which regularly serves at least 15 service connections or 25 residents on a year round basis. 

A public water syste11 which serves at least 15 service connections or 25 residents on less than a year round basis. 

SYMBOLS USED THlllJGillJT THE TABI.£ 

• Enforceable Standard

• Non-enforceable Standard or Guideline 

,ag/1 parts per ■illion (pp11) 

ug/1 parts per billion (ppb) 

ng/l parts per trillion (ppt) 

For additional infor■ation regarding EPA and Arizona standards and g uidelines contact: 

U. S. Environmental Protection Agency 

Criteria and Standards Div is ion 

Office of Drinking Water (lfi-550 0) 

401 M. Street, S. W. 

wash ington. D. c. 20460 

(202)382-7575 

and/or 
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Arizona Oepart11ent of [nvironnental Quality 

Office of Water Quality 

ATTN: Jon Dahl, Manager - Safe Drinking Water lklit 

2005 North Central. Roo11 304 

Phoenix. Af 85004 

( 602) 257- 2201 



DRINKING WATER STANDARDS AND GUIDELINES FOR SELECTED PARAMETERS (cont.) 

EPA 

EPA EPA EPA WATER ARI ZONA ARI ZONA 

EPA PRI-MCL PRI-MCL SECONDARY QUALi TY PR! �CL PRI �CL 

CONT/lt41NAHTS UNI TS MCLG C0411JNI TY HOH-C04M. MCL CR! TERIA COltHJH ITY  HOH-C04M. 

. . . . . 

I HORGAN !CS 

Total Dissolved Solid s (TOS) 119/ l 500.00 

Sul fates (SD
4

) mg/ I 250. 00

Nitrate (as H0
3

) 119/ I 45. 00 45. 00 

Nitrate (as H )  119/ l 10. 00 10. 00 10.00 10.00 

INORGANIC METALS 

Ar;enic 119/ I 0. 05 0.05 0.10 

Bar iu• 119/ l 1.00 1.00 2.00 

Cad11i111 Ilg/ I 0. 010 .010 .020 

Chr011iu11 119/I . 05 .05 .5 

Lead 119/ I . 05 .05 .1 

Mercury Ilg/ I . 002 .002 .004 

Seleniu11 Ilg/ I . 01 .01 .02 

Silver llg/1 . 05 .05 .10 

VOlATILE ORGANICS (VOCs) 

Acetone 1 u9/ I 

T richloroethylene (TCE) ug/1 zero 5. 0 5.0 

Vinyl Chl oride u9/l zero 2. 0 2.0 
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DRINKING WATER STANDARDS AND GUIDELINES FOR SELECTED PARAMETERS (cont.) 

COHTAMI NAHT 

VOLATILE ORGANICS (VOCs), 

I,2-Dichloroethane 
ICethvlene dichloride) 
Benzene 

1,I-Dichloroethylene 

1, 1-D ich I oroethane I 

Chlorofor11 

c is-1 ,2-Dichl oroethyl ene 

To luene 

Methylene Chloride 

T et rach loroethy lene (PCE) 

trans -1 ,2-D ich 1 oroethyl ene 

PESTICIDES 

A lpha-BHC 

Aldrin 

Chlordane 

(co nt.) 

Dich lorod iphenyltri ch loro ethane 

ilOOT) 

Dibroaoch loropropane (DBCP) 

2 ,4-Dichlorophenoxyacet ic Acid 

112 4-0) 
Ethylene Dibr011ide (EDB) 

EPA 
UHi TS HCLG 

ug/ 1 zero 

ug/ I zero 

ug/ 1 7. 0 

ug/1 

ug/1 

ug/ 1 

ug/ I 

ug/ I 

ug/ I 

ug/ I 

ng/1 

ng/ I 

ug/1 

ng/ I 

ug/1 

ug/1 

ug/ 1 

EPA 

EPA EPA EPA 1,11\lER ARI ZONA ARIZONA 

PRI-HCL PRI-HCL SE COHOARY QUALI TY P RI �CL PRI-HCL 

C04HUHI TY HOH-C04H. HCL CR! TERIA COHHUHITY HON-COMM. 

. . 
t t 

. . 

5.0 5. 0 

5.0 5. 0 

7. 0 7. 0 

100. 0 

9.2(c) 

.074(c) 

. 46 ng/1 

I c) 
.024(c) 

100. 0 100. 0 
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DRINKING WATER STANDARDS AND GUIDELINES FOR SELECTED PARAMETERS (cont.) 

EPA 

EPA [PA EPA WATER ARIZONA ARIZONA 

EPA PR! �Cl PRI -HCL SECONIJARY QJAL !TY PRl-MCL PR!-MCL 

CONT AM !NAN T UN ITS MCLG CO�UN!TY HON-COlt4. MCL CRITERIA C04MUN! TY HOH-C04M. 

. 
. . 

t . 
. . 

PESTICIDES, ( cont. } 

Oieldrin ng/1 . 071 (c} 

L indane ug/1 4.0 4. 0 

Methoxych lor ug/1 100.0 100. 0 

Toxaphene ug/1 5.0 • 71 ng/1 5. 0 

Cc l 
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APPENDIX 4 

TABLE l: CONSUMPTIVE USE AND OTHER NEEDS BY CROP
1 

TUCSON AMA 

GRAIN CROPS 

Barley 
Corn, Grain 
Maize (Sorghum) 
Oats, Grain 
Rye 
Sorghum, Grain 
Wheat 

FIELD CROPS 

Castor Beans 
Cotton 
Peanuts 
Pinto Beans 
Safflower 
Soybeans 

FORAGE CROPS 

Alfalfa3

Bermuda Grass 
Hay, Annual (Non-Alfalfa) 
Native Pasture 
Permanent Pasture (Fescue) 
Sudan Grass 

NUTS 

Pecans, w/o Groundcover 
Pecans, with Groundcover 
Pistachios 

VEGETABLE CROPS 

Carrots 
Chili Peppers 
Corn, Sweet 
Lettuce, All 
Onions, Ory 
Tomatoes, A 11 
Vegetables, Mixed 

CONSUMPTIVE USE 
(acre-feet /acre) 

ASFC2 1-6 ASFC 7 

1.83

2.67 
2.67 
1.83 
1.83

2.67 
1.83

3.70 
3.08 
2.75 

3.33

1.85 

4.08 
3.50 
2.25 
1. 75
5.75
2.25

4.33

5.67 
4.17 

1.38 

1.63

• 71

1.94 
2.00 
2.00 
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1.83

2.50 
2.17 
1.83 
1.83

2.17 
1.83

3.70 
2.58 

1.17 

3.42

3.42 
1. 50
1. 75
4.67
1. 50

3.58 

3.50 

2.33 

1. 42

• 71

OTHER NEEDS 
(acre-feet/acre) 

ALL ASFCs 

. 75 

.50 

.87 
2.44 
.75 
.50 
.50 



CONSUMPTIVE USE OTHER NEEDS 
(acre-feet/acre) (acre-feet/acre) 

ASFC2 1-6 ASFC 7 ALL ASFCs 

FRUIT 

Apricots 3.92 3.00 
Cantaloupe, Late 1.33 . 50 
Citrus, A 11 3.75 
Grapes 2.50 . 50 
Peaches 3 .92

Plums 3 .92

Watermelons 1.75 • 50

MISCELLANEOUS 

Jojoba 3.00 
Christmas Trees 2.50 2.25 
Nursery Stock 3.00 

1 

2 

3 

Based on crops that were reported in the 1975-1979 history. 

Areas of Similar Farming Conditions. (See Chapter 4.) 

Based on the average historical high yield of alfalfa in Pima County of 
6.5 tons per acre and a consumptive use (CU) rate of 7.5 acre-inches per 
acre per ton of production, rounded to the nearest acre-inch. Farm units 
that demonstrated historic yields above this average were assigned higher 
CU rates accordingly, not to exceed a high CU value of 5.67 acre feet per 
acre. ASFC #7 was based on an average historical high yield for Santa 
Cruz County 5.5 tons per acre. 

Sources: Consumptive Use of Water by Major Crops in Southwestern United 
States, Conservation Research Report #29, Agricultural Research 
Service, United States Department of Agriculture (1982). 

FAO Irrigation and Drainage Paper #24, Food and Agriculture 
Organization of the United Nations (revised 1977). 
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APPENDIX 4 

TABLE 2: CROP LIST FOR FARM UNITS OF LESS THAN TEN ACRES 

TUCSON AMA 

HIGH CONSUMPTIVE USE (CU) GROUP 

CU of 4.30 acre-feet per acre or more in ASFC 1 
1 -6, and CU of 3.60 acre-feet per

acre or more in ASFC 7. Assigned CU of 5.00 acre-feet per acre in ASFC 1 -6 and 
CU of 4.50 acre-feet per acre in ASFC 7. 

Alfalfa 
Pecans (with and without Groundcover) 
Permanent Pasture (Fescue) 
Pistachios 

MEDIUM CONSUMPTIVE USE GROUP 

CU of 2.25 to 4.30 acre-feet per acre in ASFC 1 -6, and CU of 2.25 to 3.50

acre-feet per acre in ASFC 7. Assigned CU of 3.25 acre-feet per acre in ASFC 
1-6, and CU of 3.00 acre-feet per acre in ASFC 7.

Apricots 
Bermuda Grass 
Corn, Grain 
Cotton 
Citrus, All 
Chili Peppers 
Christmas Trees 

Grapes 
Guayule 
Jojoba 
Nectarines 
Nursery Stock 
Olives 
Okra 

LOW CONSUMPTIVE USE GROUP 

Peaches 
Peanuts 
Plums 
Rappini 
Safflower 
Sorghum (Grain, Double Cropped) 
Sugar Beets 

CU less than 2.25 acre-feet per acre in all ASFCs. Assigned CU of 2.00 acre-feet 
per acre in all ASFCs. 

Barley 
Beets, Table 
Broccoli 
Cabbage, All 
Cantaloupe, All 
Carrots 
Cauliflower 
Corn, Sweet 

Cucumbers, All 
Ensilage 
Hay, Annual 

(Non-Alfalfa) 
Honeydew Melons 
Lettuce, All 
Maize 
Miscellaneous 

Vegetables 

Mixed Vegetables 
Native Pasture 
Oats, Grain 
Onions, All 
Parsnips 
Pinto Beans 
Potatoes 
Radishes 
Rye 

1 ASFC = area of similar farming conditions (see Chapter 4). 
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Sorghum, Grain 
Sudan Grass 
Summer Squash 

and Zucchini 
Tomatoes, All 
Turnips and 

Rutabaga 
Watermelons 
Wheat 



APPENDIX 5-A 

TOT AL GPCD REQUIREMENTS FOR LARGE PROVIDERS 

TUCSON AMA 

First Second 
Intermediate Intermediate Final 

Provider 1992-1994 1995-1999 2000-TMP1

Arizona WC 121 121 121 
Avra Water Co-op 121 121 121 
Beznos Management 238 215 192 
Canada Hills WC 314 233 194 
Citizens Utilities 

Rio Rico 197 176 164 
Tubae 180 167 158 

City of Nogales 175 164 156 
City of Tucson 155 151 148 
Con111unity we of GV 132 128 125 
Cortaro WUA 133 128

2 
126

2E & T we 122 116 111 
Far Horizons East MHP 218 208 198 
Farmers WC 322 310 298 
Flowing Wells ID 153 150 147 
Forty-Niner WC 1,023 914 815 
Green Valley WC 493 415 366 
Halcyon Acres WUA 375 358 356 
Hub WC 153 149

2 
1442

K & v we 124 113 112 
Lago del Oro WC 289 245 208 
Lakewood WC 133 127 122 
Las Quintas Serenas WC 155 144 138 
Los Cerros WC 140 134

2 
130

2 Marana Water Service 120 116 114Metropolitan WC 191 169 153 
New Pueblo WC 138 135 132 
Rancho Vistoso WC 236 180 154 
Ray we 140 135

2 
131

2 Town & Country Estates MHP 121 116 110 
Town & Country Terrace MHP 162 156 149

2 Tucson Meadows MHP 132 124 116 
Va 11 e Verde WC 123 121 121 
Vista del Norte MHP 187 173 160 
Winterhaven W & DC 301 268 234 
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Potential 
Institutional Providers3

Arizona State Prison 
Complex-Tucson 

Davis-Monthan AFB 
Evergreen Air Center 
University of Arizona 
VA Medical Center 

APPENDIX 5-A (cont.) 

First 
Intermediate 

1992-1994 

134 
455 

104,178 
275 

3,744 

Second 
Intermediate 

1995-1999 

134 
448 

104,178 
275 

3,744 

Final 
2000-TMPl

134 
440 

104,178 
275 

3,744 

1 First compliance date for any total or residential GPCD requirements under
the Third Management Plan. 

2 Increased to 121 for the first calendar year in which more than five percent
of the provider's deliveries of water are to non-residential customers, and 
for each calendar year thereafter until the first compliance date for any 
total or residential GPCD requirement in the Third Management Plan. 

3 Eligible providers must apply for institutional provider status pursuant to
Sect ion 5-110. 
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APPENDIX 5-B 

ALTERNATIVE CONSERVATION PROGRAM REQUIREMENTS FOR LARGE PROVIDERS 

Provider 

Arizona WC 
Avra Water Co-op 
Beznos Management 
Canada Hills 
Citizens Utilities 

Rio Rico 
Tubae 

City of Nogales 
City of Tucson 
Conmunity WC of GV 
Cortaro WUA 
E & T WC 
Far Horizons East 
Farmers we
Flowing Wells ID 
Forty-Niner WC 
Green Va 11 ey WC 
Halcyon Acres WUA 
Hub WC 
K & V WC 
Lago del Oro WC 
Lakewood we
Las Quintas Serenas WC 
Los Cerros WC 
Marana Water Service 
Metropolitan we
New Pueblo WC 
Rancho Vistoso WC 
Ray WC 
Town & Country Estates MHP 
Town & Country Terrace MHP 
Tucson Meadows MHP 
Valle Verde WC 
Vista del Norte MHP 
Winterhaven W & DC 

TUCSON AMA 

First Intermediate 
FCD1-1999 

Existing New, New4SFj MF 

88 89 74 
102 88 74 
215 89 74 
105 89 74 

105 90 74 
136 89 74 
111 86 74 
99 88 74 
98 110 74 
99 88 74 

111 89 74 
208 89 74 
254 89 74 
112 97 74 
249 88 74 
97 105 74 

382 85 74 
139 85 74 
115 89 74 
114 91 74 
107 90 74 
126 87 74 
100 89 74 
111 88 74 
152 90 74 
89 88 74 
99 92 74 

100 85 74 
116 89 74 
156 89 74 
125 89 74 
94 86 74 

173 89 74 
268 89 74 

279 

Final 
2000-TMP2

Existing New New 
SF MF 

88 89 74 
101 88 74 
192 89 74 
104 89 74 

100 90 74 
132 89 74 
105 86 74 
97 88 74 
96 110 74 
97 88 74 

107 89 74 
198 89 74 
233 89 74 
108 97 74 
224 88 74 
94 105 74 

380 85 74 
136 85 74 
112 89 74 
113 91 74 
105 90 74 
122 87 74 
98 89 74 

109 88 74 
143 90 74 
87 88 74 
99 92 74 
97 85 74 

110 89 74 
149 89 74 
116 89 74 
89 86 74 

160 89 74 
234 89 74 



APPENDIX 5-B (cont.) 

Potent i a 1 First Intermediate Final 

Institutional Provider FCD1-1999 2000-TMP2

Existing New New Existing New
3 

New 
4 SF MF SF MF 

Arizona State Prison 
Complex-Tucson 134 88 74 134 88 74 

Davis-Monthan AFB 112 89 74 108 89 
Evergreen Air Center 89 74 89 
University of Arizona 74 89 74 74 89 
VA Medical Center 89 74 89 

1 First compliance date as agreed upon by the Director and the provider. 

2 First Compliance date for any total or residential GPCD requirement under 
the Third Management Plan. 

74 
74 
74 
74 

3 New single family residential rate. Variation due to differences among
service area persons per dwelling unit values. Pima County average SF pphu 
value used for providers with no existing SF housing. 

4 New multifamily residential rate.

5 Eligible providers must apply for institutional provider status pursuant to
Section 5- 110. 

Note: A dash(-) indicates that the data necessary to calculate values was not 
available. 
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APPENDIX 5--C 

CONSERVATION REQUIREMENTS FOR INDIVIDUAL USERS 
THAT ARE TURF-RELATED FACILITIES- CALENDAR YEARS 1990 AND 1991 

A. Definitions

In addition to the definitions set forth in Chapters 1 and 2 of Title 45 of the Arizona 
Revised Statutes, the following words and phrases used in this Appendix, unless the 
context otherwise requires, shall have the following meanings: 

l. "Contiguous" means in contact at any point along a boundary. Two parcels of
land are contiguous if they are separated by only one or more of the following:
a road, highway, easement or right-of-way.

2. "First Management Plan existing turf-related facility" means:

a. A turf-related facility that, as of December 26, I 984, was in operation or
had obtained all preconstruction permits and approvals required by federal,
state or local governments, or for which substantial capital investment had
been made in the physical on-site construction of the facility in the 12
months prior to December 26, 1984.

b. An expansion or modification of a turf-related facility that qualifies as
First Management Plan existing turf-related facility under Paragraph a of
this definition, if that expansion or modification increased the area of land
to which water is applied for turf-related watering purposes and was
substantially commenced as of December 26, 1984. An expansion or
modification was substantially commenced if the owner or operator of the
facility obtained all preconstruction permits or approvals required by
federal, state or local governments for that expansion or modification or
made a substantial capita! investment in the physical on-site construction
of the expansion or modification in the twelve months prior to December
26, 1984.

3. "Landscape watering" means the application of water to grow landscaping
plants.

4. "Landscaping plant" means any member of the kingdom Plantae, including any
tree, shrub, vine, herb, flower, succulent, groundcover or grass species, that
grows or has been planted out-of-doors and is used for landscaping purpose.

5. "First Management Plan new turf-related facility" means:

a. A turf-related facility that does not qualify as a First Management Plan
existing turf-related facility.

b. An expansion or modification of a turf-related facility that qualifies as a
First Management Plan new turf-related facility under Paragraph a of this
definition, if that expansion or modification increased the area of land to
which water is applied for turf-related watering purposes.
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c. An expansion or modification of a First Management Plan existing turf
related facility, if that expansion or modification increased the area of
land to which water is applied for turf-related watering purposes and was
not substantially commenced as of December 26, 1984.

6. "Newly turfed area" means the area of land newly planted during the calendar
year in question with a grass species that requires additional water for
germination and establishment. Newly turfed area does not include an area
covered with a grass species during the preceding calendar year that has been
overseeded or reseeded with a grass species during the calendar year in
question.

7. "Total landscaped area" means:

a. With respect to a First Management Plan existing turf-related facility or a
First Management Plan new turf-related facility, except as provided in
Paragraph b of this definition, the area of land to which water from any
source is legally applied for landscape watering purposes during the
calendar year in question.

b. With respect to a First Management Plan existing turf-related facility in
operation as of December 26, 1984, whichever of the following is greater:

1) The largest area of land to which water from any source was legally
applied for landscape watering purposes during any one year from
January 1, 1980 through December 31, 1984.

2) The area of land to which water from any source is legally applied for
landscape watering purposes during the calendar year in question.

8. "Total water surface area" means the total surface area of all bodies of water
from any source, including lakes, ponds and lagoons, that are an integral part of
the landscaped area of a turf-related facility. Bodies of water used primarily
for swimming purposes are not an integral part of the landscaped area of a turf
related facility.

9. "Turf-related facility" means an industrial user that applies water from any
source to ten or more acres of land for turf-related watering purposes.

10. "Turf-related watering" means the application of water from any source to grow 
landscaping plants on the grounds of a turf-related facility and the use of water
from any source to fill or refill any bodies of water, including lakes, ponds or
lagoons, that are an integral part of the landscaped area of a turf-related
facility. Bodies of water used primarily for swimming purposes are not an
integral part of the landscaped area of a turf-related facility.

11. "Turfed acreage" means the total area of land planted with grass species or with
plants not listed on the current Low Water Using Plant List for the Tucson
Active Management Area for the First Management Period, available upon
request from the Tucson AMA office, the Southern Arizona Water Resources
Association, or the Department's public information office in Phoenix. 
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B. Conservation Requirements for First Management Plan Existing Turf-Related
Facilities

Except as provided in Section F of this Appendix, an individual user that is a First 
Management Plan existing turf-related facility shall comply with the following 
conservation requirements: 

For the calendar years 1990 and 1991, a First Management Plan existing turf-related 
facility shall not use an amount of water during a calendar year which exceeds its 
maximum annual water allotment for the year. The maximum annual water 
allotment shall be calculated pursuant to Section D of this Appendix, and compliance 
with the maximum annual water allotment shall be determined pursuant to Section E 
of this Appendix. 

C. Conservation Requirements for First Management Plan New Turf-Related Facilities

Except as provided in Section F of this Appendix, an individual user that is a First 
Management Plan new turf-related facility shall comply with the following 
conservation requirements: 

For the calendar years 1990 and 1991, a First Management Plan new turf-related 
facility shall not use an amount of water during a calendar year which exceeds its 
maximum annual water allotment for the calendar year. The maximum annual water 
allotment for the calendar year shall be calculated pursuant to Section D of this 
Appendix, and compliance with the maximum annual water allotment shall be 
determined pursuant to Section E of this Appendix. 

D. Calculation of Maximum Annual Water Allotment

1. The maximum annual water allotment for a First Management Plan existing
turf-related facility for a calendar year shall be calculated as follows:

a. Determine the total landscaped area of the facility and the newly turfed
area of the facility. Subtract the newly turfed area from the total
landscaped area. Multiply the result by the water application rate of 5.0

acre-feet per acre.

b. Multiply the newly turfed area of the facility by the water application rate
of 6.0 acre-feet per acre.

c. Determine the total water surface area of the facility. Multiply the total
water surface area by the water application rate of .5.8 acre-feet per acre.

d. The sum of the results of the calculations in Paragraphs a, b, and c, above,
is the maximum annual water allotment for the facility for the calendar
year.

2. Except as provided in Section D.3 of this Appendix, the maximum annual water
allotment for a First Management Plan new turf-related facility for a calendar
year shall be calculated as follows:

a. Determine the total landscaped area of the facility and the newly turfed
area of the facility. Subtract the newly turfed area from the total
landscaped area. Multiply the result by the water application rate of 4.'8
acre-feet per acre.
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b. Multiply the newly turfed area of the facility by the water application rate
of 5.8 acre-feet per acre.

c. Determine the total water surface area of the facility and the water
surface area of any body or bodies of water filled and refilled with
effluent. Subtract the water surface area of any body or bodies of water
filled and refilled with effluent from the total water surface area.
Multiply the result by the water application rate of 4.8 acre-feet per acre.

d. Multiply the water surface area of any body or bodies of water filled and 
refilled with effluent by the water application rate of 5.8 acre-feet per
acre.

e. The sum of the results of the calculations in Paragraphs a, b, c, and d,
above, is the maximum annual water allotment for the facility for the
calendar year.

3. The maximum annual water allotment for a golf course that qualifies as a First
Management Plan new turf-related facility and that has a total landscaped area
in excess of the result obtained by multiplying the number of regulation holes by
five acres shall be determined for a calendar year as follows:

a. Multiply the number of regulation holes by five acres. Subtract from that
result the newly turfed area of the facility. Multiply the result by the
water application rate of 4.8 acre-feet per acre.

b. Multiply the newly turfed area of the facility by the water application rate
of 5.8 acre-feet per acre. In no case shall the allotment for the newly
turfed area exceed the result obtained by the following formula: Multiply
the number of regulation holes by five acres and multiply that result by the
water application rate of 5.8 acre-feet per acre.

c. Determine the water surface area of any body or bodies of water filled and
refilled with effluent. Multiply that water surface area by the water
application rate of 5.8 acre-feet per acre.

d. The sum of the results of the calculations in Paragraphs a, b, and c, above,
is the maximum annual water allotment for the golf course for the calendar
year.

4. Where a turf-related facility consists of a First Management Plan existing turf
related facility and a First Management Plan new turf-related facility that are
contiguous, under one ownership, and operated as one facility, the facility may
combine the maximum annual water allotment for the First Management Plan
existing turf-related facility and the maximum annual water allotment for the
First Management Plan new turf-related facility and may apply all or a portion
of the aggregate annual water allotment to any part of the facility.

5. Nothing in this Appendix shall be construed to authorize a turf-related facility
to use more water from any source than that facility is entitled to use pursuant
to any groundwater or appropriable water right held by the facility. Nor shall
this Appendix be construed to authorize a turf-related facility to use water
from any source in any manner that violates Chapter l or Chapter 2 of Title 45,
Arizona Revised Statutes.
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E. Compliance with Maximum Annual Water Allotment

A turf-related facility is in compliance for the calendar year 1990 or 1991 with its
maximum annual water allotment for the year if the Director determines that either
of the following applies:

1. The aggregate amount of water from any source used by the facility for turf
related watering purposes during the calendar year does not exceed its
maximum annual water allotment for that year, or

2. The aggregate amount of water from any source used by the facility for turf
related watering purposes during that calendar year and the preceding two
calendar years does not exceed the sum of the facility's maximum annual water
allotments for those three years.

F. Alternative Conservation Program

A First Management Plan existing turf-related facility or a First Management Plan
new turf-related facility that is or will be using effluent may apply to the Director
for a modification of a water application rate. The Director may approve a
modification of a water application rate if the owner or operator of the facility
demonstrates to the satisfaction of the Director that technical difficulties caused by
the use of effluent justify a modification.

G. Monitoring and Reporting Requirements

1. For the calendar years 1990 and 1991, each First Management Plan existing
turf-related facility and each First Management Plan new turf-related facility
shall measure and report in its annual reports required by A.R.S. § 45-632:

a. The total quantity of water from any source withdrawn, diverted or
received annually for turf-related watering purposes. The measurements
shall be made with a measuring device in accordance with the Department's
measuring device rules, A.A.C. R12-15-901, et seq.

b. The total landscaped area of the facility.

c. The newly turfed area of the facility.

d. The total water surface area of the facility.

2. For the calendar years 1990 and 1991, each First Management Plan new turf
related facility shall measure and report in its annual reports required by A.R.S.
§ 45-632 the water surface area of any body or bodies of water filled and
refilled with effluent.

3. For the calendar years 1990 and 1991, each First Management Plan existing
turf-related facility and each First Management Plan new turf-related facility
shall estimate and report in its annual reports required by A.R.S. § 45-632 the
quantity of water from any source used for each purpose other than turf-related
watering purposes.
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APPENDIX 5-D

LOW WATER USE/DROUGHT TOLERANT PLANT LIST 

Official Regulatory List Foc: 
Southern Arizona Water Resources Association 

Tucson Active Management Area 
City of Tucson 
Pima County 

The Low Water Use Plant List for the Tucson Active Management Area ("AMA") is filed 
in the Department's Tucson AMA Office. A copy of the list, effective as of December 
1990, follows in this Appendix. Since the list may be amended using the procedure 
described below, a current list is available upon request from the Tucson AMA office, the 
Southern Arizona Water Resources Association, or the Department's public information 
officer in Phoenix. 

PROCEDURE FOR MODIFICATION OF LOW WATER USE PLANT LIST FOR 
THE TUCSON AMA 

A. A person who seeks to add a plant or plants to the Low Water Use Plant List for the
Tucson AMA or to delete a plant or plants from the list may apply at any time to the
Director for a modification of the list. The application shall be made on a form
prescribed and furnished by the Director.

B. The Director shall review each request for a modification of the Low Water Use
Plant List. The Director may request additional information from the applicant and
may seek information from other sources as may be necessary to determine whether
the list should be modified.

C. If the Director approves the addition of a plant to the Low Water Use Plant List, the
Director shall place the plant on a supplemental list that shall be considered an
addendum to the Low Water Use Plant List. The supplemental list shall be available
upon request from the Tucson AMA Office or from the Department's public
information officer.

D. If the Director approves the deletion of a plant from the Low Water Use Plant List,
the Director shall delete the plant from the list.

E. The Director shall conduct an annual review of the Low Water Use Plant List and
issue a modified plant list no later than January 15 of the following year. As a
result of the review, the director may add plants to the list, delete plants from the
list, or both.

The plants on this list have prospered in the Tucson area with moderate to no 
supplemental irrigation once they are established. All the plants use less water than 
traditional high water use landscape plants, however for good appearance supplemental 
irrigation may be applied as needed depending upon personal preference and the amount 
of precipitation in any given season. The list includes flowers, trees, shrubs, vines, 
groundcovers, cacti, succulents and accent plants. These plants provide many possibilities 
for creating an attractive landscape. For large volume plantings, check for availability 
before choosing a plant. 
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Key to symbol s: 

* Toxic; may be harmful if eaten. For more information call Arizona Poison
Control Center at 626-6016

A Accent Plan
C Cactus
F Flower
Ge Groundcover
Gr Ornamental Grass
I Invasive -- may spread and intrude into natural areas.
S Shrub
Sc Succulent (other than cacti)
T Tree
V Vine
(sh) Semi-hardy -- Some dieback in a hard frost. 
(t) Tender -- Severely damaged or killed in a hard frost.
# Exceptions to the nomenclature in Hortus III. 

Approximate Watering Needs (depending on soil and climate conditions) 

1 No supplemental irrigation once established. 
2 Once a month in warm weather once estab lished. 
3 Twice a month in warm weather once established. 
4 Once a week in warm weather once established. 

Ge 

T 

T 

s 

Ts• 

T S 

T S 

T S 

T S 

A S 

S Ge 

T 

T 

T 

T 

T 

A Sc 

A Sc 

A Sc 

A Sc 

A Sc 

A Sc 

A Sc 

A Sc 

A Sc 

BOTANICAL NAME 

Abronia vi I losa I 

Acacia abyssinica 2 (sh) 

Acacia aneura 2 (sh) 

Acacia angustissima 2 (sh) 

Acacia constricta I 

Acacia crasspedocarpa I 

Acacia cultriformis 2 (t) 

Acacia greggi i I 

Acacia minuta (smal Iii) 2 

Acacia notabi I is 2 

Acacia redolens 2 

Acacia sal icina 2 (sh) 

Acacia sal igna 1-2 (sh) 

Acacia schaffneri 1-2 

Acacia stenophyl la 1-2 

Acacia wi I lardiana 1-2 (sh) 

Agave americana 1-2 

Agave colorata I 

Agave ti I ifera 1-2 

Agave huachucensis 1-2 

Agave lophantha = A. univittata 2 

Agave ocahui 1-2 

Agave victoriae-reginae 1-2 

Agave vi lmoriniana 1-2 (sh) 

Aloe barbadensis 2-3 (sh) 
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CCM40N NAME 

Sand verbena 

Abyssinian Acacia 

Mulga 

White Bal I Acacia 

Whitehorn Acacia, Mescat 

Waxleaf Acacia 

Knife-Leaf Acacia 

Cat's Claw Acacia 

Southwestern Sweet Acacia 

Acacia 

Prostrate Acacia 

Weeping Wattle 

Wattle Tree 

Twisted Acacia 

Penci I leaf Acacia 

Palo Blanco 

Century Plant 

Agave 

Agave 

Huachuca Agave 

Agave 

Ocahui Agave 

Victoria Regina Agave 

Octopus Agave 

Barbados Aloe 



A Sc 

A Sc 

s 

s 

s 

V 

s 

A 

s 

s 

s 

s 

s Ge 

F 

Ge" 

s 

T 

T 

Gr 

s F• 

s F• 

s F* 

s F 

s F 

A s F 

T s

V F 

A C 

Ge Sc 

S F 

F 

s F 

s F 

s F 

T 

T 

s 

T 

F 

Ge 

T 

T 

T 

T 

T 

A C 

T 

s T 

V 

s 

s Ge* 

Ge 

BOTANICAL NAME 

Aloe ferox 2-3 (sh) 

Aloe saponaria 2-3 (sh) 

Aloysia gratissimma 2 

Aloysia wrighti i 2 

Anisacanthus thurberi 2 

Antigonon Leptopus 2-3 (t) 

Asclepias I inaria 2 

Asclepias subulata 2 (sh) 

Atriplex canescens 1 

Atriplex lentiformis breweri 1-2 

Atriplex semibaccata 2 

Baccharis sarothroides 1-2 

Baccharis sarothroides 'Centennial' 1-2 

Bahia absinthifol ia 2 

Bai leya multiradiata 1-2 

Berberis harrisoniana 3 

Brachychiton populneus 2-3 

Brahea armata (Erythea armata) 2-3 

Buchloe dactyloides 2-3 

Caesalpinia gi I I iesi i (Poinciana) 1-2 

Caesalpinia mexicana 2 

Caesalpinia pulcherrima (Poinciana) 3 (sh) 

Cal I iandra cal ifornica 2-3 (t) 

Cal I iandra eriophyl la 1 

Cal I iandra peninsular is 2-3 (sh) 

Cal I istemon citrinus 3 (sh) 

Campsis radicans 2-3 

Carnegiea gigantea 1 

Carpobrotus edul is (Mesembryanthemum) 3 (t) 

Cassia artemisioides 2-3 (sh) 

Cassia covesii 1-2 

Cassia nemophi la (C. eremophi la) 2 

Cassia phyl lodinea 2-3 

Cassia wisl izenii 2 

Casuraina cunninghamiana 3 

Casuraina stricta 3 

Celt is pal Iida 1-2 

Celt is reticulata (C. douglasi i, C. Tai a) 2 

Centaurea cineraria 3 

Cephalophyl lum 'Red Spike' 2 

Ceratonia si I iqua 3 (sh) 

Cercidium f loridum 2-3 

Cercidium microphyl lum 1-2 

Cercidium praecox 1-2 (sh) 

Cercidium sonorae 1-2 

Cereus peruv i anus 'Monstrosus' 1-2 (sh) 

Chamaerops humi I is 2-3 

Chi lops is I inearis 2-3 

Cissus incisa (C. trifol iata) 1-2 

Conda I ia warnocki i var. kearneyana 

Convolvulus cneorum 1-2 

Convolvulus mauritanicus 3 (sh) 
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COl+ION NAME 

Cape Aloe 

Mediterranean Aloe 

Fragrant Bush, Bee Brush 

Wright's Oregano 

Desert Honeysuckle 

Queen's Wreath 

Pine-Leaf Milkweed

Desert Mi I kweed

Four-Wing Saltbush 

Brewer Saltbush 

Australian Saltbush 

Desert Broom 

Centennial 

Desert Daisy 

Desert Marigold 

Barberry 

Bottle Tree 

Mexican Blue Palm 

Buffalo Grass 

Yellow Bird of Paradise 

Mexican Bird of Paradise (yellow) 

Red Bird of Paradise 

Red Fairy Duster 

Fairy Duster, False Mesquite 

Red Cal I iandra 

Lemon Bottlebrush 

Common Trumpet Creeper 

Saguaro 

Ice Plant 

Wormwood Senna, Feathery Cassia 

Desert Senna 

Green Cassia 

Si Ivery Cassia 

Cassia, Shrubby Senna 

Australian Pine 

Coast Beefwood 

Spiny or Desert Hackberry 

Netleaf or Western Hackberry 

Dusty Mi Iler 

Red Spike Ice Plant 

Carob, St. John's Bread Tree 

Blue Palo Verde 

Littleleaf or Foothi I I Palo Verde 

Palo Brea 

Sonoran Palo Verde 

Peruvian Cereus 

Mediterranean Fan Palm 

Desert Wi I low 

Desert Grape Ivy 

Conda Ii a 

Bush Morning Glory 

Ground Morning Glory 
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BOTANICAL NAME 

Cordia boissieri 2-3 (sh) 

Cordi a parv i to I i a 1-2 

Cupressus arizonica 2 

Cupressus glabra 2-3 

Dalbergia sissoo 3 (sh) 

Dalea bicolor var. argyrea 2-3 

Dalea frutescens 2-3 

Dalea greggi i 2-3 

Dalea pulchra 2-3 

Dalea versicolor var. sessi I is 3 

Dasyl irion acrotiche 1 

Dasy I i r ion whee I er i 1 

Dimorphotheca sinuata 4 

Dodonaea viscosa 1-2 (sh) 

Dyssodia pentachaeta 2-3 

Echinocereus pectinatus 1 

Echinopsis 1 

Encel ia cal ifornica 1-2 (sh) 

Encel ia farinosa 1-2 (sh) 

Eragrostis lehmanniana 2-3 

Eragrostis lehmanniana x E. atherstoni 2-3 

Eremophi la decipiens 1 

Eschs.choltzia califonica 2-3 

Eschscholtzia mexicana 3 

Eucalyptus camaldulensis 2 

Eucalyptus campaspe 2-3 (sh) 

Eucalyptus formani i 2 

Eucalyptus leucoxylon (E. rosea) 2 

Eucalyptus microtheca 1-2 

Eucalyptus polyanthemos 2 

Eucalyptus rudis 2 

Eucalyptus spathulata 3 

Euphorbia antisyphyl itica 

Euphorbia myrsinites 2 

Euphorbia rigida (E. biglandulosa) 2 

Feijoa sellowiana 3 

Ferocactus acanthodes 1 

Ferocactus wisl izeni 

Festuca megalura 3 

Fouquieria splendens 1 

Gai I lardia pulchel la 3 

Gazania rigens 3-4 

Gazania rigens 'Copper King' 3-4 

Gazania rigens leucolaena 3-4 (t) 

Geoffreya decorticans = Gourleia decorticans 

Gossypium harknessi i 2 (t) 

Haplopappus laricifol ius = Ericameria 1 

Hesperaloe funifera 1-2 

Hesperaloe parvif lora 1-2 

Hi I aria jamesi i 3 

Hyptis emoryi 3 (sh) 

Jatropha cardiophyl la 
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COt+1C)N NAME 

Anacahuita, Texas 01 ive 

Littleleaf Cordia 

Arizona Cypress 

Smooth Bark Cypress 

Rosewood 

Si Iver Da I ea 

Black Dalea 

Trai I ing Indigo Bush 

Indigo Bush 

Indigo Bush, Oalea 

Green Desert Spoon 

Sotol, Desert Spoon 

African Daisy, Cape Marigold 

Hopbush 

Dyssodia 

Hedgehog, Strawberry Cactus 

Easter Lily, Sea Urchin Cactus 

Cal ifonia Brittlebush 

Brittlebush 

Lehmann's Love Grass 

Cochise Love Grass 

(no common name) 

California Poppy 

Mexican Gold Poppy 

Red River Gum 

Si Iver Gimlet 

Eucalyptus 

White Iron Bark 

Tiny Capsule Eucalyptus 

Si Iver Do I I ar Gum 

Desert Gum 

Swamp Ma I I ee 

Wax Plant, Candel i I lo 

Euphorbia 

Euphorbia rigida 

Pineapple Guava 

Compass Barrel Cactus 

Fishhook Barrel Cactus 

Zorro Fescue 

Ocoti I lo 

Fire Wheel, Blanket Flower 

Treasure Flower, Gazania 

Copper King Gazania 

Trai I ing Gazania 

Chi lean Palo Verde 

Gossypium 

Turpentine Bush 

Giant Hesperaloe 

Red Yucca 

Ga I I eta Grass 

Desert Lavender 

Limberbush 
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BOTANICAL NAME 

Jatropha dioica 1 (t) 

Juniperus chinensis 3 

Juniperus deppeana 3 

Juniperus sabina 'Arcadia' 3 

Justicia cal itornica (Beloperone) 2-3 (t) 

Justicia candicans (J. ovata) 3 (sh) 

Justicia spicigera (Jacobinia g.) 3 (sh) 

Lantana camara 3-4 

Lantana montevidensis 3-4 

Larrea tridentata 1 

Lemaireocereus thurberi 

Leptochloa dubia 3 

Leucaena retusa 1-2 

Leucophyl lum candidum 2 

Leucophyl lum trutescens 

Leucophy I I um trutescens 

Leucophyl lum laevigatum 

Leucophy I I um zygoph I I um 

( t) 

2 

'Compacta' 

2 

2 

Linum granditlorum 'Rubrum' 3 

Linum lewisi i 3 

Lupinus sparsiflorus 3 

Lupinus succulentus 3 

Lycium exsertum 1 

Lycium fremonti i 1 

Lysi loma thornberi 2-3 (sh) 

2 

Macfadyena unguis-cati (Doxantha unguis-cati) 2-3 

Malephora crocea 2-3 

Mascagni a Ii lacina 2-3 

Mascagnia macroptera 2-3 (sh) 

Maytenus phyl lanthoides 1-2 

Melampodium leucanthum 2 

Merremia aurea 2-3 (t) 

Mimosa dysocarpa 2 

Muhlenbergia dumosa 3-4 

Myoporum parvifol ium 3 

Myrtus communis 2-3 

Myrtus communis 'Boetica' 2-3 

Myrtus communis 'Compacta' 2-3 

Nandina domestica 3 

Nerium oleander 2-3 

Nol ina bigelovi i 1-2 

Nol ina matapensis 1-2 

Nol ina microcarpa 1-2 

Nol ina parryi 1-2 

Oenothera berlandieri (0. speciosa chi ldisi i) 3 

Oenothera caespitosa 2-3 

Oenothera drummondii 2-3 

Oenothera stubbi i 2-3 

Olea europa 'Swan Hi I I' 3 

Olneya tesota 1 

Opuntia basi laris 

Opuntia bigelovi i 
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COt+tON NAME 

Jatropha 

Juniper (many cultivars) 

Al I igator Bark Juniper 

'Arcadia' Juniper 

Chuparosa 

Jacobinia 

Mexican Honeysuckle 

Bush Lantana (many cultivars) 

Trailing Lantana 

Creosote Bush 

Organ Pipe Cactus 

Green Sprangle-Top 

Go I den Leadba I I 

Si Iver Leaf Rain Sage 

Texas Ranger, Texas Sage 

Compact Texas Ranger 

Chihuahuan Rain Sage 

Blue Ranger 

Scarlet Flax 

Blue Flax 

Desert Lupine 

Arroyo Lupine 

Lycium 

Wolfberry 

Feather Bush 

Cat's Claw Vine 

Croceum, Ice Plant 

Lavender Orchid Vine 

Yellow Orchid Vine 

Mangle Dulce 

Blackfoot Daisy 

Yellow Merremia 

Velvetpod 

Bush Muhlenbergia 

Myoporum 

True Myrtle, Roman Myrtle 

Twisted Myrtle 

Dward Myrtle 

Heaven I y Bamboo 

Oleander (cultivars/dwarfs) 

Beargrass 

Tree Beargrass 

Beargrass 

Parry's Beargrass 

Mexican Evening Primrose 

Tufted Evening Primrose 

Baja Primrose 

Chihuahuan Primrose 

Swan Hi 11 01 ive 

Ironwood, Tesota 

Beavertai I Cactus 

Teddy Bear Chol la 
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BOTANICAL NAME 

Opuntia ficus-indica 

Opuntia microdasys 1 

Opuntia phaeacantha discata (0. engelmani il 1 

Opuntia versicolor 1 

Opuntia violacea 'Santa Rita' 1 

Opuntia violacea macrocentra 

Osteospermum fruticosum 3-4 

Panicum virgatum 3 

Parkinsonia aculeata 1-2 

Passif lora foetida 3 

Pennisetum setaceum 1-2 

Pennisetum setaceum 'Cupreum' 1-2 

Penstemon baccharifol ius 3 

Penstemon barbatus 3 

Penstemon eatoni 3 

Penstemon parryi 3 

Penstemon pseudospectabi I is 3 

Penstemon superbus 3 

Pentzia incana 1-2 

Phacel ia campanularia 2-3 

Phacel ia tanacetifol ia 2-3 

Phoenix canariensis 2-3 

Phoenix dactyl ifera 3-4 

Phyla nodiflora 3-4 

Pi nus edul is 2-3 

Pinus eldarica 2 

Pinus halepensis 2 

Pi nus monophyl la 2 

Pinus pinea 2-3 

Pinus roxburghii 3 

Pistacia atlantica 2 

Pistacia chinensis 3 

Pistacia vera 2-3 

Pithecel lobium flexicaule 2 (sh) 

Pithecel lobium mexicanum 3 

Pithecel lobium pal lens 2 

Pittosproum phi llyraeoides 2 

Plantago spp. 1-2 

Prosopis (So. Am. hybrid) 1-2 

Prosopis alba 1-2 

Prosopis chi lensis 1-2 

Prosopis glandulosa 1-2 

Prosopis pubescens 1-2 

Prosopis velutina 1-2 

Psi lostrophe cooperi 2 

Punica granatum 2-3 

Pyracantha (red berried types) 2-3 

Quercus arisonica 4 

Quercus emoryi 4 

Quercus i I ex 4 

Quercus suber 2 

Quercus virginiana 'Hertiage' 2-3 
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COt+ION NAME 

Indian Fig 

Rabbit Ears Prickly Pear 

Englemann Prickly Pear 

Staghorn Cactus 

'Santa Rita' Prickly Pear 

'Long-Spine' Prickly Pear 

Trailing African Daisy 

Switch Grass 

Mexican Palo Verde 

Passion Flower 

Fountain Grass 

Purple Fountain Grass 

Cutleaf Penstemon 

Beardtongue Penstemon 

Eaton's Penstemon 

Parry Penstemon 

Canyon Penstemon, Mohave Beardtongue 

Superb Penstemon 

Karoo Bush 

Desert Canterbury Bel Is 

Tansy Phace I i a 

Canary Island Date Palm 

Date Palm 

Lippi a 

Pinon Nut Pine 

Afghan Pine 

Aleppo Pine 

Singleleat Pinon Pine 

Italian Stone Pine 

Chi r Pine 

Mt. Atlas Pistache 

Chinese Pistache 

Pistachio 

Texas Ebony 

Mexican Ebony 

Tenaza 

Wi I low Pittosporum 

Indian Wheat 

Thornless Mesquite (So. Am. Hybrid) 

Argentine Mesquite 

Chi lean Mesquite 

Honey or Texas Mesquite 

Screwbean Mesquite 

Velvet Mesquite 

Paper Flower 

Pomegranate 

Pyracantha (many cultivars) 

Arizona White Oak 

Emory Oak 

Hot I y Oak 

Cork Oak 

Hertiage Live Oak 
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BOTANICAL NAME 

Rhus lancea 2 

Rhus ovata 2 

Rhus virens 2 

Rosmarinus officinal is 2-3 

Rosmarinus off icinal is 'Prostratus' 2-3 

Ruel I ia cal ifornica 3 (t) 

Ruel I ia peninsularis 3 (t) 

Salvia chamaedryoides 2-3 

Salvia columbariae 3 

Salvia farinacea 4 (sh) 

Salvia greggi i 2-3 

Salvia mohavensis 2 

Sambucus mexicana 1-2 

Santo! ina chamaecyparissus 2-3 

Santo! ina virens 3-4 

Sapindus saponaria 4 

Schinus mot le 2-3 

Senecio cineraria 3 

Sesuvium verrucosum 2 (t) 

Setaria macrostachya 3 

Simmondsia chinensis 1-2 

Sophora secundiflora 2-3 

Sphaeratcea spp. 2 

Sporobolus airoides 3 

Sporobolus cryptandrus 3 

Tagetes lemmoni 3-4 

Tamarix aphyl la 1 

Tamarix parviflora or chinensis 2 

Tecoma stans var. angustata 2-3 (t) 

Tecomaria capensis 4 (sh) 

Teucrium chamaedrys 2-3 

Teucrium fruticans 3 

Ungnadia speciosa 3 

Vauquel inia cal ifornica 2 

Verbeba gooddingi i 4 

Verbena peruviana 4 

Verbena tenuisecta 3 

Verbesina encel ioides 2 

Vitex agnus-castus 2 

Washingtonia fit ifera 2 

Washingtonia robusta 2-3 (sh) 

Xylosma congestum 3 

Yucca aloifolia 1 

Yucca baccata 1 

Yucca brevifolia 

Yucca Camerosana 

Yucca elata 1 

Yucca glauca 1 

Yucca recurvi fol ia (Y. pendula) 

Yucca rigida 1 

Yucca rostrata 1 

Yucca schott ii (Y. macrocarpa) 

2

1 
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COt+10N NAME 

African Sumac 

Sugar Brush, Sugar Sumac 

Evergreen Sumac 

Bush Rosemary 

Dwarf or Trai I ing Rosemary 

Ruel I ia 

Ruel I ia 

Blue Sage 

Chia 

Mealy Blue Sage 

Texas Red Salvia, Autumn Sage 

Mojave Sage 

Mexican Elderberry 

Lavender Cotton 

Green Santo I i na 

Soapberry 

California Pepper Tree 

Dusty Mi Iler, Si Iver Plant 

Sea Purslane, Ice Plant 

Plains Bristle Grass 

Jojoba, Goat Nut 

Mescal Bean, Texas Mountain Laurel 

Globe-Mal low 

Alkali Sacaton 

Sand Dropseed 

Mountain Marigold 

Athel Tree, Tamarisk 

Spring Flowering Salt Cedar 

Trumpet-Bush 

Cape Honeysuckle 

Gemander 

Bush Gemander 

Mexican Buckeye 

Arizona Rosewood 

Goodding Verbena 

Peruvian Verbena 

Verbena 

Crown Beard 

Chaste Tree, Monk's Pepper 

California Fan Palm 

Mexican Fan Palm 

Xylosma 

Spanish Bayonet Yucca 

Banana Yucca 

Joshua Tree 

Giant Dagger Yucca 

Soaptree Yucca 

Smal I Soapweed Yucca 

Pendulous or Curveleaf Yucca 

Blue Dagger Yucca 

Beaked Yucca 

Mountain Yucca 
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BOTANICAL NAME 

Yucca treculeana 1 

Yucca whipplei 1 

Zauschneria cal ifornica (Epi lobium canum) 3 

Zinnia acerosa 1 

Zinnia grandiflora 2 

Zizyphus jujuba 2 
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C(M,l()NNAME 

Tree Yucca 

Our Lord's Candle 

Hummingbird Trumpet 

Desert Zinnia 

Rocky Mountain Zinnia 

Chinese Jujube, Common Jujube 



APPENDIX 5-E 

CONSERVATION ALTERNATIVES INVENTORY 

TUCSON AMA 

This listing is a synopsis of a more detailed inventory available at the 
Tucson Active Management Area office. The inventory was compiled from an 
extensive literature search, and from surveys of water agencies which have 
conducted conservation programs and of suppliers of appliances, fixtures and 
conservation devices. 

The complete inventory describes each measure, specifies water savings, 
provider and customer costs, and availability and reliability of included 
fixtures or devices. Historical applications and data requirements necessary 
to evaluate the potential impact of the measure are discussed. A bibliography 
provides additional information sources for each measure. 

Conservation Alternative 

Interior 

Clothes Washer, Low Water Use 
Dishwasher, Low Water Use 
Electrically Controlled Plumbing 
Faucet, Aerator 
Faucet, Self-Closing 
Garbage Disposals, Prohibit 
Hot Water, Line Insulation 
Hot Water, Recirculation 
Hot Water, Tankless Heater 
Leak Detection & Repair 
Plumbing Codes 
Retrofit Programs 
Showerhead, Air Assisted 
Showerhead, Flow Restrictor 
Showerhead, Low Water Use 
Toilet, Air Pressure 
Toilet, Composter 
Toilet, Dual Flush 
Toilet, Flapper, Adjustable 
Toilet, Leak Detection Tablets 
Toilet, Low Volume 
Toilet, Recycling 
Toilet, Vacuum Transport System 
Toil et Dams 
Toilet Displacement Devices 
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Water Savings 

6 - 26 gal/load 
1.5 - 6.5 gal/load 
75% of waste 
1. 5 - 6 gal /min
Not quantified
11.5 gal/day
2 - 8 gpcd
2 - 8 gpcd
2 - 8 gpcd
up to 24 gal/day
30 - 55%
2 - 10 gpcd
15 - 65 gpcd
14 - 35 gpcd
2 - 60 gpcd
25 gpcd
27.5 gpcd
8 - 16 gpcd
5 - 12.5 gpcd
up to 24 gal/day
10 - 22.5 gpcd
27.5 gpcd
25 gpcd
5 gpcd
2.5 - 5 gpcd



Exterior 

Fountains, Restricted 
Irrigation, Drip System 
Irrigation, ET-Based Weather Advisory 
Irrigation, Improved Application 
Irrigation Scheduling 
Irrigation Tensiometers 
Landscaping, Nursery LWU Plant Tagging 
Landscaping & Lawn Size Restrictions 
Landscaping, Xeriscape Program 
Outdoor Washing, Restricted 
Rainwater Harvesting 
Swimming Pools, Covers 
Swimming Pools, Evaporation Inhibitors 
Swimming Pools Restricted 

Interior and Exterior 

Drought Contingency Plan 
Education, Public Information Programs 
Education, Teacher Training Program 
Education, Youth Programs 
Positive Incentives 
Pressure Reduction Valves 
Wastewater, Dual System Plumbing 
Wastewater, Recycle or Reuse 
Water Audits 

Delivery System 

Leak Detection/Water Audit Program 
Main Flushing, Reduction 
Metering, All Users 
Metering, Construction Water Use 
Pressure Reduction, System-Wide 
Pricing, Excess Demand Surcharge 
Pricing, Increasing Block Rate 
Pricing, Lifeline Rate 
Pricing, Seasonal Rate 
Pricing, Use Based 
Reservoir Evaporation Suppression 
Wastewater Flow Management 
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Not quantified 
30 - 50% 
5 - 10% 
20 - 40% 
15 - 35% 
10 - 20% 
Not quantified 
40 - 90% 
40 - 90% 
2 - 10 gpcd 
16 gpcd 
Up to 50% 
18 - 45% 
Up to 100% 

10 - 80% 
2 - 5% 
2 - 5% 
2 - 5% 
Varies widely 
Up to 30% 
Up to 85% 
Up to 85% 
20 - 25 gpcd 

12 - 75% 
1% 
13 - 45% 
Not quantified 
3 - 8% 
Not quantified 
Not quantified; varies 
Not quantified; varies 
Not quantified; varies 
13 - 45% 
Not quantified 
Not quantified 



APPENDIX 5-F 

EXAMPLE CONSERVATION MEASURE 

INTERIOR RETROFIT, DEPOT PICK-UP 

This measure makes water-saving retrofit devices available to customers living in homes 
built before the adoption of plumbing codes requiring low water use plumbing fixtures. 
Housing in areas without such codes would also be targeted by this measure. Retrofit 
kits typically consist of toilet displacement devices, some method for reducing shower 
flow, tablets for detecting toilet leaks and printed instructions and water conservation 
information. 

A. Implementation. Depots would be set up at convenient locations such as water
agency offices, fire stations, libraries, schools or other public buildings. Depots in
high traffic locations like shopping malls, supermarkets, banks or other business
places may increase distribution, but installation rates could be lower because of
casual pick-ups of the kits.

Retrofit devices may be available as pre-assembled kits or presented as an array of 
different types of devices from which the depot staffer and customer could assemble 
a customized kit. 

Depots can be staffed during evening as well as daytime hours and on weekends by 
trained staff who are able to help the customers determine if their homes may 
already be equipped with low water use fixtures and which types of retrofit devices 
would best suit their homes. The staff would also be familiar with other water 
conservation measures. 

In order to achieve good results, the depot program must be publicized. Customers 
need to be made aware of the program AT LEAST by way of bill inserts and news 
releases. Since this measure is dependent upon motivating the targeted population 
to visit the depot to obtain the kits, heavier promotion will result in greater 
participation. 

Posters, billboards, TV and radio announcements, and advertising on public 
transportation can be part of a well-designed and well-timed promotional campaign; 
describing depot locations and hours, the duration of the program, and emphasis on 
the importance of water conservation in the community. 

After an initial period of active distribution, depots may be reduced to a few high 
volume sites, then eventually to distributing only from agency offices. Promotional 
reminders should continue over time to encourage those customers who did not 
participate in the high profile campaign to obtain and use their kits, and to stress 
the importance of leaving installed devices in place or replacing them when 
necessary. 

B. Components. Retrofit kits should consist of good quality, efficient devices.
Components which are unattractive, difficult to install or do not work well will
either not be installed or be eventually removed.

l. Toilet Displacement Options

Toilet dams offer the largest savings of any of the easily-installed toilet 

296 



conservation devices, but are relatively expensive -- six to eight times the cost 
of the bags or bottle described below. Early plastic models frequently deformed 
or dislodged, allowing the dam to fail and, in some cases, to cause the toilet to 
malfunction. Newer dams are manufactured with a steel insert to enhance their 
effectiveness and service life. Toilet dams are readily available, easily 
installed and do not interfere with the proper operation of most toilets. 

Polyethylene displacement bags are a popular and proven device. While water 
savings are somewhat less than with dams, cost is considerably less. Like toilet 
dams, bags are readily available, easily installed, and allow the toilet to 
function acceptably. 

Quart-sized plastic bottles, similar to ones used to market fruit juices, offer a 
similarly priced alternative to bags. Bottles may be arranged to best advantage 
in the toilet tank for maximum displacement with minimum interference with 
flushing mechanisms. Bottles do require weighting to keep them in place. 

Other water-saving devices are available, most of which achieve even greater 
savings than do toilet dams. Most are more expensive than bags, bottles or 
dams and many are difficult to install, often requiring a plumber's services. 
One fairly new device which may prove to be very effective both in water 
saving and customer satisfaction is the dual flush lever. These devices allow 
the user to select a full flush for clearing solids from the toilet bowl or a partial 
flush for clearing liquid waste. Manufacturers' claims and small-scale pilot 
retrofits indicate that water savings up to 3596 of toilet water demand may be 
achievable. 

2. Shower Options

Internal shower flow restrictors used in many retrofit kits are perforated plastic 
or metal discs which fit between the shower arm and head. They are very 
inexpensive, fairly easily installed and work well with most types of 
showerheads. 

Attractive, well-designed replacement showerheads, external restrictors and 
shut-off valves cost 10 to 15 times the cost of restrictors, but tend to be more 
acceptable to customers. Increased acceptance means devices are more likely 
to be installed and left in place. The flow restricting component should be 
designed to preclude easy removal after installation. 

3. Leak Detection Tablets

Non-toxic blue food coloring tablets are typically used to detect toilet leaks. 
The tablet is dissolved in the toilet tank. Blue color appearing in the bowl 
indicates a leak. Although leak repair would be the responsibility of the 
customer, the repairs should be especially encouraged via promotional Ii tera ture 
included in the kits. Repair instructions for repairing leaks found in toilets as 
well as faucets should be included to help those customers who would prefer to 
do their own repairs. All leak detection water savings come from doing the 
necessary repairs rather than just using the tablets. 

4. Written Materials

Clear instructions and informational literature are a must. The instruction may 
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be printed directly on the packaging of the devices or on separate pages. 
Interior water-saving techniques presented in interesting, attractive and locally 
oriented formats should be a part of the kit. Bilingual materials might also be 
considered. 

C. Water Savings. The savings realized from the implementation of a retrofit kit
distribution vary with the types of components used in the kits, the distribution plan,
the level of publicity, duration of the campaign, and the community's response.

The following assumptions were used to calculate expected water savings:

TOILETS
The standard toilet requires 5.5 gallons per flush. 
Each person flushes the toilet 5 times each day. 
Savings for bag: l gallon = 2/3 gallon displaced by the bag + l /3 gallon less 
through overflow tube due to shorter refilling time. 
70% of households receiving conservation device will install it. 

SHOWERS 
The standard showerhead delivers 5 gallons per minute. 
Each person takes 6 showers per week or 0.86 shower each day. The average 
duration is 7 minutes. 
A typical low-flow showerhead or flow reducer delivers 2.75 gallons per minute 
or 2.25 gallons less than the standard showerhead. 
60% of households receiving conservation device will install it. 

LEAK DETECTION 
20% of all toilet are leaking at an average rate of 24 gallons per day or 17.28 
gpcd. 
40% of households will use the tablets, 50% of the 20% finding leaks will have 
the leak repaired. 
THERE ARE NO SAVINGS FROM LEAK DETECTION WITHOUT LEAK 
REPAIR. 

The amount of water saved by installing the device is multiplied times the number of 
times per person per day the plumbing fixture is used. In the case of the toilet bag, 
each person in the household flushes five times per day. If the bag saves one gallon 
per flush, per capita water savings would be five gallons per day. These savings are 
then multiplied by the expected installation rate for the device. Based on results 
from similar retrofit programs carried out in Texas and California, 70% of the 
households receiving the kit will install the bag. Multiplying this percentage by the 
per capita savings results in an installed savings of 4 gpcd. 

To determine savings for the shower option, the unit savings, 2.25 gallons per 
minute, is multiplied by the daily per capita use, 6 shower-minutes (0.86 shower/day 
X 7 minutes), then by the installation rate for the conservation device, 60%, for an 
installed savings of 9.5 gpcd. 

The U.S. Department of Housing and Urban Development reported in its 1984 
"Residential Water Conservation Projects, Summary Report" that 20% of all toilets 
leak an average of 24 gallons per day. This amount, when multiplied by the average 
number of toilets per household (1.&), then divided by the average number of persons 
per household (2.5), yield 17.28 gallons per capita per day lost through leakage in 
those households with leaky fixtures. The American Water Works Association 
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estimates that 4096 of the households receiving retrofit kits will use the leak 
detection tablets and results from San Jose, California and Austin, Texas campaigns 
indicate that 5096 of those finding leaks will have them repaired. Thus, 2096 x 4096 x 
5096 gives a 496 "installation" rate for the tablets and an installed water savings of 
0.69 gpcd. 

The following table summarizes the factors used to derive water savings associated 
with kit distribution: 

Unit Use/ Per Capita Ins ta 11 at ion Instal led 
Savings Person/ Savings Rate Savings 

Device (g/use) day (gpcd} (%) (gpcd 

Toilet Bag 1.00 5 5 .0 70 3.5 

Sh ower head 2.25 6 13. 5 60 8.1 

Leak Detection 24.00 0.72 17 .28 4 0.7 

Total Water Savings 12.3 

Since not every service area household will participate, these per capita savings 
must be applied to a targeted population. Only homes built before the adoption of a 
plumbing code requiring low-flow fixtures are likely to install retrofit devices. Out 
of these, not all will pick up a kit; and some who do will not leave the device in 
place. During campaigns of this type, 6096 of the targeted households respond by 
picking up the kit at a depot and then utilize the devices at the above rates. Total 
gallons per day savings realized through implementation of this type of measure is 
estimated by calculating 6096 of the targeted service area housing units, multiplying 
that result by the persons per housing unit for the service area, then multiplying the 
targeted population by the total installed water savings derived above. By dividing 
this total water savings in gallons per day by the total service area population, the 
impact of the retrofit campaign on the service area gallons per capita per day water 
use rate may be determined. 

D. Costs. The only customer costs associated with this measure would be the cost of
repairing leaks. At 1987 rates, a plumber's services would cost $50 - $75 for toilet
leak repairs for homes in the Tucson area. Repair costs for customers repairing
leaks themselves would be the price of necessary parts.

Provider costs would include the cost per household of the kits, $0.50 - $7.00,
depending on the types of devices used, and $1.00 - $2.00 for promotional
materials. Brown &. Caldwell, consulting engineers, estimate that the distribution,
clerical and administrative costs to conduct a depot retrofit campaign over a ten
year period would be about $19,000, exclusive of the cost of the kits.

E. Factocs Affecting Implementation. The major variables affecting penetration of the
targeted housing market for a retrofit campaign are: the level of promotion of
publicity and the community's perception of the need to conserve water. The
greater the perception of a critical situation, the more likely customers are to
participate in voluntary conservation activities. The perception within the
community of an existing critical condition which would be alleviated by adopting
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conservation strategies can significantly affect installation rates. Agencies 
implementing kit distribution in response to an extended or severe drought or a 
wastewater treatment plant and sewer system overload, for example, have achieved 
installation rates ten to fifteen percent higher than those achieved by agencies 
where the public did not perceive a critical situation. 

Publicity intensity, while not impacting the market penetration as much as a public 
sense of urgency, will also affect the participation rate. Publicity not only controls 
the response level to the campaign by informing customers of the existence of the 
program, but also encourages customers to leave devices in place once they are 
installed by reemphasizing the continuing importance of water conservation. 
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APPENDLX 5-C 

CONSER VA TION POTENTIAL ANALYSIS FOR EXAMPLE PROVIDER 

TUCSON AMA 

An analysis of conservation potential for an example water provider is discussed in this 
section. The analysis indicates that total per capita water use in this service area could 
be reduced from 150 to 132 GPCD through the implementation of certain conservation 
measures. The analysis assumes that existing users (those served prior to January l ,  
1990) can reduce consumption through conservation, and that new users can be added to 
the service area at per capita use rates that reflect highly efficient water use devices 
and practices. 

The total GPCD requirement for the service area was determined by adding the target 
rate for projected new residential and non-residential users to the target rate for 
existing users. Each target rate was weighted according to the user category's 
contribution to overall water use within the service area. 

The conservation potential analysis is based on existing and projected water use and 
demographic data for each service area. This data for the example provider is shown in 
Tables 5-1 and 5-2.

The interior and exterior water use rates for the example provider fall into the moderate 
conservation potential category as described in Chapter 5, Section E.3.c and Table 5-E. 
Conservation measures assigned to this category are: l )  a depot pick-up retrofit program 
of interior plumbing fixtures, applicable to all pre-plumbing code housing units, 2) an 
interior water use education program at a moderate level, 3) a provider sponsored 
program of free landscape watering advice including guides and workshops, and 4) an 
exterior water audit/upgrade program available through the provider and performed on a 
voluntary basis. (Descriptions of these measures are available at the Tucson AMA 
office. A complete description of a depot pick-up retrofit program is presented in 
Appendix 5-F). Application of these measures to existing water use rates results in the 
savings shown in Table 5-3. 

Interior savings depends on the number of pre-plumbing code housing units in the service 
area and exterior savings on the percentage of lawns and high water-using landscapes. 
Included in the savings calculations are anticipated installation rates, fixture use rates, 
and levels of market penetration. This analysis of existing users is then combined with 
the model use rates for new users (see Chapter 5, Section E.3.c, and Tables 5-F and 
5-G.) The model per capita rates are shown in Table 5-4.

These use rates for new residential users were applied to the projected population and 
housing unit figures for 1990, 1995, and 2000. The results were then prorated with the 
per capita rates for existing users depending on the proportions of new and existing users 
in the service area. In addition, the per capita water use rates (GPCD) of single family 
and multi-family housing units were prorated to yield a total residential GPCD for 
existing and new residential units. The residential rates were combined with the 
projected non-residential per capita rate and with the lost and unaccounted for water per 
capita rate, assuming the proportions of both would remain unchanged from the base year 
until 2000. The 1990, 1995, and 2000 projected use rates are shown in Table 5. The 1992 
and 1995 intermediate total GPCD targets would be 148 and l 40, respectively, for the 
example provider, and the 2000 target would be 132 GPCD. 
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Interior Use 
Exterior Use 
Lost & Unaccounted for 
Total Use 

} Single family 
Multifamily 

Population 
SF Housing Units 
MF Housing Units 
SF PPHU� 
MF PPHU 

TABLE 5-1 

BASE YEAR WATER USE 
(gallons per capita per day) 

Residential 
SF1 MF2

81

54 

135 

62

27 

89 

TABLE 5-2 

Non-Residential 

11 

4 

15 

DEMOGRAPHIC DATA AND PROJECTIONS 

1982
1 

1985 1990 

13,779 15,000 1 6,499 
4,593 4,737 5,21 0 
1,148 1,579 1,737 

2.5 2.5 2.5 
2.0 2.0 2.0 

1995 

17,959 
5,349 
2,293 

2.5 
2.0 

Total 

90 
50 
10 

150 

2000 

19,754 
5,884 
2,522

2.5 
2.0 

1 Year of enactment of Pima County and City of Tucson low flow plumbing codes. 2 Persons per housing unit. 

TABLE 5-3 

WATER SAVINGS FOR EXISTING USERS 
(gallons per capita per day) 

Me asure 

Retrofit Depot Pick-up 
Public Education Moderate 
Free Landscape Watering Advice 

Guides/Workshops 
Agency Audit/Upgrade Voluntary 
Total Savings 
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Interior 
SF MF 

6.5 4.9 
2.8 2.2 

9.4 7.1 

Exterior 
SF MF 

0.4 0.2 
1.7 0.6 
2.2 0.8 



Measure 

Interior Model 
Exterior Model 

TABLE 5-4 

MODEL WATER USE FOR NEW USERS 
(gallons per capita per day) 

Interior 
SF MF 

61 55 

Exterior 
SF MF 

19 

1 The exterior single family model is 78 gallons per housing unit per day. At
2.50 PPHU for this water provider, the per capita use calculates to 31 GPCD. 
(78/2.50 = 31) 

TABLE 5-5 

PROJECTED WATER CONSUMPTION 
(gallons per capita per day) 

Existing New 
Residential Residential Total Non- Lost & 

Year SF MF Total SF MF Total Res. Res. Unacct. Total 

1990 135 89 125 115 82 108 124 15 10 148 
Interior 81 62 77 61 55 60 75 
Exterior 54 27 48 54 27 48 48 

1995 129 85 120 92 74 78 116 15 9 140 
Interior 76 58 73 61 55 56 70 
Exterior 53 27 47 31 19 22 45 

2000 123 81 115 92 74 83 109 15 9 132 
Interior 72 55 68 61 55 58 66 
Exterior 52 26 46 31 19 25 43 
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APPENDIX 5-H 

NEW DEVELOPMENT MODEL -SINGLE FAMILY EXTERIOR 

TUCSON AMA 

EXTERIO R: 78 GPHUD (gallons per housing unit per day) 
78 GPHUD = 27.5 GPCD (for average County household in Pima County of 2.84 people) 

EVAPORATIVE COOLING 
l 

6,000 gallons per housing unit per year. 
6,000 + 365 = 16.4 GPHUD 

63.596 have evap. coolers only x 16.4 GPHUD = 10.4 GPHUD 
19.596 have air conditioning only 
16.196 have both (assume 5096 of evap use) x 8.2 GPHUD = 1.3 
Total evap. cooling requirement is 11.7 GPHUD 
77.8 GPHUD (total exterior) - 11.7 GPHUD = 66.1 GPHUD Available 

2 
POOL 

400 sq. ft. Pool = 16,291 gal (NET POND EVAPORATION) 
1,430 gal (BACKFLUSH) 
2,565 gal (REFILL) 

20,286 gal/yr = 55.6 GPHUD 

Assume Use of Pool Cover 10096 (Sept - May) saves 9,853 gal. 
Total Pool Use= 10,433 gal/yr= 28.6 GPHUD 

With pool cover: 66.1 GPHUD - 28.6 GPHUD = 37.5 GPHUD; 
Without pool cover: 66.l GPHUD - 55.6 GPHUD = 10.5 GPHUD 

LANDSCAPING3 

38 GPHUD available for landscaping = 13,870 gal/yr 

HIGH WATER USE 
6 TREES 
11 SHRUBS/GROUNDCOVERS 

LOW WATER USE 
10 TREES 
29 SHRUBS/GROUNDCOVERS 

8,424 gal/yr 
5,346 gal/yr 

13,770 gal/yr 

7,800 gal/yr 
6,032 gal/yr 

13,832 gal/yr 
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ALTERNATIVE MODEL: NO POOL, LUSH XERISCAPE 

66 GPHUD Available for Landscaping = 24,090 gal/yr 

HIGH WATER USE 
12 TREES 
34 SHRUBS/GROUNDCOVER 

LOW WATER USE 
20 TREES 
40 SHRUB�GROUNDCOVER 

16,848 gal/yr 
7,072 gal/yr 

23,920 gal/yr 

15,600 gal/yr 
8,320 gal/yr 

23,920 gal/yr 

ALTERNATIVE MODEL: XERISCAPE WITH LAWN 

66 GPHUD Available for Landscaping = 24,090 gal/yr 

400 SQ. FT. LAWN = 12,400 GAL/YR; 24,090 - 12,400 = 11,690 gal/yr 

HIGH WATER USE 
6 TREES 
6 SHRUBS/GROUNDCOVERS 

LOW WATER USE 
10 TREES 
18 SHRUB�GROUNDCOVERS 

8,424 gal/yr 
2,916 gal/yr 

11,340 gal/yr 

7,800 gal/yr 
3,744 gal/yr 

11,544 gal/yr 

Information used in this calculation is from Woodard, Gary C. and Rasmussen, Todd 
C., "Residential Water Demand: a Micro Analysis Using Survey Data," Hydrology and 
Water Resources in Arizona and the SW, Vol. 14, 1984; and from cooling degree day 
information from the University of Arizona weather station, with assistance from 
Gary Woodard. Additional information was collected from Casa Del Agua by Martin 
Karpiscak. 

2 Pool usage assumes 65.7 inches of evaporation based on pond evaporation less rainfall
for this area (Gary Woodard). Backflushing and refill information from local pool 
services (assumes one refill every seven years and 55 gpm backf lush 26 times per year 
for one minute). 

3 Quantities of water assumed in the high water use calculation are based on a drip
irrigation system and a generous irrigation regime: trees 27 gal/week, shrubs and 
groundcovers 9 gal/week. These amounts have been approved bythe SAWARA 
Outdoor Conservation Committee. The low water use calculation assumes 15 
gal/week for trees and 4 gal/week for shrubs and groundcovers. It should be noted 
that true low water use species may actually need no additional irrigation after 
e stablishment. Xeriscape design normally includes the "zoned irrigation" concept, 
where thirsty species are grouped in high visibility areas for maximum impact. Thus, 
the models include significantly more vegetation if this concept is incorporated. 
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t«JNICIPAL FACILITIES 

GOLF COURSES 

Right Number 

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000002

56-000002

56-000058

56-000087

56-000087

56-000088

56-000175

56-000302

56-000302

56-000302

PARKS 

Right Number 

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

56-000001

APPENDIX 6-A 

EXISTING TURF-RELATED FACILITIES 

TUCSON AMA 

Provider 

City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Nogales 
City of Nogales 
Davis-Monthan AFB 
Canada H il ls WC 
Canada Hills WC 
Forty-Niner WC 
Rancho Vistoso we
Green Valley WC 
Green Valley WC 
Green Valley WC 
Quail Creek WC 

Provider 

City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
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Facility Name 

El Rio GC 
Fred Enke GC 
La Paloma 
Randolph GC 
Sil verbe ll GC 
Skyline CC 
Star Pass GC 
Tucson Estates GC 
Ventana Canyon CC 
Kina Springs GC 
Meadow Hills GC 
Gen. Wm. Blanchard 
El Sheraton Conquistador 
El Conquistador CC 
Forty-Niner GC 
Sun City Vistoso GC 
Morry Canoa Hills GC 
Desert Hills GC 
San Ignacio GC 
Quail Creek GC 

Facility Name 

Fort Lowell Park 
Himmel Park 
Jacobs Park 
Jesse Owens Park 
Kennedy Park 
Lakeside Park 
Lincoln Park 
Mansfield Park 
Manzanita Park 
McCormick Park 
Mission Manor Park 
Joaquin Murrietta Park 
Palo Verde Park 
Reid Park

Rodeo Park 
Sam Lena Park 
Santa Rita Park 



56-000001

56-000001

56-000001

56-000001

56-000349

SCHOOLS 

Right Number 

56-000084

56-000084

INDUSTRIAL FACILITIES 

GOLF COURSES 

Right Number 

58-100274.

58-101735

58-101530

58-102307

58-104567

58-106007

58-107119

58-108946

58-111271

58-112457

58-112482

59-516604

SCHOOLS 

Right Number 

58-111064

58-111066

58-112280

58-112280

58-112280

58-112280

58-112280

58-509091

APPENDIX 6-A (cont.) 

City of Tucson 
City of Tucson 
City of Tucson 
City of Tucson 
Metropolitan WC 

Provider 

FWID 
FWID 

307 

Christopher Columbus Park 
Sunnyside Park 
Uda 11 Park 
Udall Park 
Dennis Weaver Park 

Facility Name 

Flowing Wells HS 
Flowing Wells JHS 

Facility Name 

Arthur Pack GC 
Cliff Valley GC 
CC of Green Valley 
Oro Valley CC 
Tucson National Resort 
Haven GC 
Tucson CC 
Santa Rita GC 
Dorado CC 
Tubae Valley GC 
Rolling Hills GC 
Rio Rico GC 
Saddl ebroke GC 

Facility Name 

Marana HS 
Marana JHS 
Amphi JHS 
Amphi HS 
Coronado School 
Canyon del Oro HS 
Lin Cross JHS 
Sahuarita School 



PARKS 

Right Number 

58-100381

58-100380

58-109720

CEMETERIES 

Right Number 

58-109117

58-109101

58-108519

58-109112

COMMON AREAS 

Right Number 

58-109009

APPENDIX 6-A (cont.) 
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Facility Name 

County Fairgrounds 
Marana Park 
La Maripo sa 

Facility Name 

East Lawn Cemetery 
Evergreen Cemetery 
Holy Hope Cemetery 
South Lawn Cemetery 

Facility Name 

The Lakes at Castle Rock 



APPENDIX 6-B 

CONSERVATION ALTERNATIVES FOR TURF-RELATED FACILITIES 

TUCSON AMA 

The Department conducted a study of conservation technologies and management techni
ques available to turf-related facilities. These conservation alternatives are categorized 
into: A. Irrigation technologies, B. Irrigation scheduling and management, C. Turf 
management options, D. Pond and reservoir management, E. Turf maintenance staff 
education, and F. Incorporation of conservation considerations into the facility design. 

A. IRRIGATION
TECHNOUXiIES

1. CONTROLLERS

a. Electro-
mechanical
controllers

b. Centralized
System
Controller

c. Sol id State
Controllers

d. Computerized
Controllers

DESCRIPTION/EVALUATION 

Controllers regulate irrigation scheduling. The 
controller activates a valve at a preset time and turf 
is irrigated for a preset period of time. Each valve 
controls one set of sprinkler heads. The number of 
controllers and valve stations depends on the area of 
turf, the size of the valve, and how the irrigation 
system is designed. Controllers do not guarantee water 
savings, but in the hands of an experienced manager they 
are a good water conservation tool. 

A motor turns rotary switches that activate relays. 
While the least efficient of the controllers, these 
low cost controllers can result in a 30 to 40% water 
savings over quick coupler systems. 

Quick, accessible control over entire 
facility's irrigation scheduling. 

Electronic accuracy -- precision irrigation 
application and timing, individual station programming, 
multicycling, dual programming, allows longer station 
timing for drip irrigation, capability to interface with 
a rain shut off switch or wind sensor. 

The most sophisticated and accurate method 
of irrigation timing available, but costs make it 
appropriate for larger facilities only. Real-time water 
budgeting capabilities are its most important feature. 
Specific features include: 1) individual station con
trol, 2) operator can precisely limit water to desired 
saturation point eliminating runoff and percolation 
below the root zone, 3) historical evapotranspiration 
rates can be programmed into scheduling, 4) interfaces 
with weather monitoring system and current ET and soil 
moisture information, and 5) pinpoints excess flows by 
station. 
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2. HEADS

a. Valve in head
sprinklers or
value-one head

b. Low gallonage/
low pressure
spray heads

c. Gear driven
heads

d. Pressure
compensating
bubblers

e. Matched
precipitation
rate heads

3. VALVES

a. Electric valves

b. Check valves

c. Master valve

4. SENSORS

a. Automatic rain

There are a wide variety of head and nozzle choices 
available to fit specific irrigation needs. Properly 
selected heads and nozzles determine the uniformity of 
coverage and eliminate: overspray, water application in 
excess of infiltration rates, run-off, and 
evaporation. Matched precipitation rates allow uniform 
application of irrigation water. Select head size 
according to turf area size. 

Pinpoint irrigation accuracy for large turf areas. 
Irrigation zoning. One drawback is that they 
reduce the ability to use rain shut-off switches. 

Prevents runoff, wind distortion, evaporation 
from standing water in areas with a low infiltration 
rate for smaller turf areas; improves uniformity; 
reduces application rates; and allows larger areas to be 
irrigated with a given amount of water. Lower 
differential between wettest and driest spots. 

More uniform water application. 

More uniform water application in non-turf areas. 

Allows more uniform irrigation coverage. 

More precise irrigation timing. 

Prevents low head drainage, wet areas around heads, and 
back flow. 

Opens when system is operated, closed system completes 
cycle. Installed above all automatic valves. Valve 
prevents discharge of water except when system is in a 
running cycle, in the case of a break in the line or a 
malfunctioning valve. 

System shuts down when rainfall exceeds a preselected 
amount -- automatic return to schedule when water in 
collector evaporates -- prevents overwatering. Inter
face with central controller or satellite controllers. 
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b. Wind sensor

c. Soil moisture
sensor

d. Infrared sensor

5. OTHER

Drip irrigation 
of non-turf areas 

b. Excess flow-
sensing device/
low pressure
shut off switch

c. Flow meter

d. Pressure
regulators

B. IRRIGATION
MANAGEMENT

1. IRRIGATION
PROGRAM
TECHNIQUES

a. Deep irrigation
and longer
periods between
irrigations to
develop root
system

b. Deficit
irrigation

System shuts down when wind speed reaches a preset 
velocity at which wind draft and evaporation are 
excessive. Cycle resumes when wind speed tapers off. 

Allows more precise adjustment of time and frequency 
of irrigation -- eliminates excessive water applica
tion. Low utility on large turf areas, too much 
variability. Can be directly wired to controller for 
more automatic use. Portable soil probes useful for 
checking localized dry spots. 

Allows assessment of plant water needs through use of 
infrared light. 

Water applied where needed. Non-turf application. 
Eliminates evaporation. Significant water savings. 
Also yields improved plant growth. 

Prevents water waste. Sensitive to low pressure 
caused by breaks in the line or a missing head. Shuts 
system down in event preset pressure is reached. 

Permits accurate measurements of water use to facilitate 
irrigation scheduling and budgeting. 

Permits maintenance of design pressure, eliminates 
evaporation and wind drift because of head misting. 

DESCRIPTION/CONSERVATION POTENTIAL 

An effective combination of the following irrigation 
techniques will help eliminate evaporation, runoff, and 
water application in excess of the infiltration rate. 

Turf with a well-developed root system can endure 
more stress. Turf can exploit more stored water. 
Good soil infiltration and percolation required. 

Deficit irrigation involves keeping turf somewhat 
stressed to develop root system -- irrigation frequency 
can be adjusted to reduce consumptive water demand of 
turf. Turf with a well-developed root system can endure 
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c. Short, repeat
irrigation
cycles

d. Daily visual
inspection to
assess water
needs

e. Night irrigation

f. Daily logging
of local or
on-site weather
conditi ans

g. Use of soil
tests to
determine soil
characteristics,
especially per
colation rate,
available water
capacity, degree
of soil compac
tion, & nutrient
requirements

h. Manually
irrigate sma 11
dry spots - use
quick coupler
hose or other
manual method.

more stress and can exploit water stored in deeply 
wetted profile. Research is needed to determine which 
turf types adjust the most favorably to deficit irriga
tion. Turf under deficit regime can survive more easily 
if no other stress added. Requires careful management. 

Prevents runoff on sloped areas. Prevents evaporation 
of standing water in areas with low infiltration rate. 
Eliminates excess water applications. More effective in 
cool season because of low evaporation rates. Can only 
be done efficiently with a solid state controller. 
Useful on compacted soils and for germinating rye grass. 

Irrigation can be evaluated by micro-areas, irrigation 
adjustments can acconmodate area differences. 
Instant adjustments can be made to accommodate changes 
in temperature, wind direction or speed, and rainfall. 
Permits irrigation changes to acconmodate wet spots and 
dry spots. Dew patterns can be observed in the early 
morning to detect abnormal head spray patterns. 

Less wind distortion, less evaporation, ET rate at the 
lowest point of the day. Need automatic controllers to 
be effective. 

Assesses irrigation needs to permit a more exact 
irrigation application on a daily basis. 
Allows application of water to exactly compensate for 
water used that day. Permits long-term irrigation 
scheduling and budgeting. 

Knowing soil characteristics permits matching of 
percolation rate and irrigation rate, reduces 
evaporation and run-off, and avoids applying more 
water than can be held in the root zone. Signals 
need for treatment of soil compaction. Provides 
accurate information for computation of gypsum or 
sulphur requirement and for precise replacement 
of nutrients. 

Eliminates overwatering by using a set of heads or 
one large radius head to wet a small area. 
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2. IRRIGATION
EQUIPMENT
MAINTENANCE

a. Heads

b. Pipes

c. Valves

d. Controllers

e. Meters

f. Pressure

3. WATER USE PLANNING

a. Water budgeting

b. Accurate
measurement

c. Accurate records

d. Establish
irrigation
priorities for
periods of
water shortage

A routine preventative maintenance program 
for irrigation equipment results in the decrease 
of water loss and misapplication of water. 

Check for wear. clogging. check pattern for 
consistency. Check after mowing for breaks. Adjust 
nozzels and heads as needed. Replace broken parts. 

Check for leaks or breaks. Replace or fix as needed. 

Check for leaks. sticking. buried or exposed wires. 
protect wiring. Replace or fix as needed. Promotes 
exact station timing control. 

Check for correct timing. sticking. non-functioning. 
Fix or replace as needed. 

Check meters for accuracy and sticking. Repair as 
necessary. Prevents mismeasurement of irrigation 
water. Improves water budgeting capability. 

Maintain design pressure. Readjust as necessary. 
Prevents water loss through leaks. evaporation. 

Use historical weather patterns. use local ET rate for 
turf grasses. measure use against budget, adjust use 
accordingly. Regulates water use at a prescribed 
level. Allows operator to ensure compliance with annual 
allotment. 

Daily measurement of water use using pump flow meter, 
(gallons per minute) measurement by computerized 
controller system. or hour meter in conjunction with 
flow capacity. Allows manager to keep accurate water 
use records. Use to compare with established goal and 
to evaluate performance. 

Daily logging of water use and weather conditions. 
Monthly water use reports. Allows manager to assess 
historical water use and weather data for use in future 
irrigation budgeting. 

Enables manager to plan for seasonal water 
requirements. 
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e. Separate meter- Allows manager to keep accurate water use records. 
ing of landscape
water use

4. NON-GROUNDWATER
SOURCE WATER

Use effluent 
whenever 
feasible 

C. TURF MANAGEMENT

1. TURF SE LECTION

a. Select turf
for low
water demand.

b. Select
non-traditional
turf or non-turf
alternatives
for rough and
non-play areas.

c. In cool seasons,
select non-turf
alternative for
fairways and
rough.

Replacing groundwater pumpage with effluent 
use constitutes a water conservation management 
option. Existing nutrients in effluent (especially 
nitrogen) may reduce fertilizer needs. Operational 
concerns associated with effluent use (additional 
leaching needs due to salts, clogged emitters, etc.) 
require special attention. Many existing facilities are 
successfully using effluent in place of groundwater. 

DESCRIPTION/CONSERVATION POTENTIAL 

Hierarchy of turf types from highest to lowest water 
demand: (warm season grasses) bent grass, hybrid 
bermuda, common bermuda, desert and range grasses; and 
(cool season grasses) annual rye and perennial rye. 

Traffic and expectations for appearance are variables to 
consider in turf selection. The comparative water use 
rates of turf grass species are different from the 
relative drought tolerance because turf varieties have 
different physiological qualities. Low water use turf 
is not necessarily drought tolerant. 

Choose blue gramma, schismus, three-awn, buffalo 
grass, vine mesquite, curly mesquite, and/or giant 
mesquite, and/or giant bermuda. 

Options include: Leave turf dormant; use ferrous 
sulfate; dye dormant turf green; apply liquid 
fertilizer to turf to aid chlorophyll production in 
frost-free areas. 

Eliminates late fall/winter water use associated with 
overseeding with rye. Some irrigation is necessary to 
keep dormant grasses tough and wear resistant. Keeps 
bud nodes from drying out, prevents dessication. Rye 
grass uses approximately 8-10 inches of extra water per 
year. 
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2. WINTER OVERSEEDING

a. Time winter
overseeding by
soil temper
ature, not
calendar dates

b. Eliminate total
scalping of
summer turf.

3. TURF REr«>VAL

Develop a 
master plan for 
turf removal. 

4. FERTILIZER

a. Use less
nitrogen to
retard turf
growth

b. Use slow
release
warm season.

c. Use soil
tests to
assess
fertilizer
needs

d. Apply nitrogen
in the fa 11
to cool season
turf grasses.

Most favorable soil temperature for overseeding is 
between 72 and 78 degrees F. at a 4-inch depth. 
Overseeding at these lower temperatures decreases 
water use and evaporation, leads to a minimal fall 
transition period with less competition from bermuda. 

When scalped, bermuda has a more difficult time 
time coming back in the spring and requires more 
water and fertilizer to do so, especially hybrid 
bermuda. Aerify and apply gypsum if needed to reduce 
salts before seeding to improve infiltration rate. 
Reduces runoff, evaporation from standing surface 
water. Increases water, air, fertilizer penetration 
into the root zone. 

Turf alternatives include: desert revegetation, 
drought tolerant ornamental planting, desert and range 
grasses, and desert flowers. Permanently reduces turf 
water use on specific areas. 

Healthy, well-fed turf tends to have a better developed 
root system to balance fertilizer needs with water 
demand. This reduces over-all water demand. Over
fertilizing, however, can result in higher water 
requirements because of faster growth rate. 

Turf grass ET rate decreases with slower turf growth 
turf growth rate. Water demand decreases as ET rate 
decreases. 

Reduces growth spurts that increase water demand. 
Eliminates peaks and valleys of turf growth. 

A more precise application of fertilizer reduces 
growth spurts that increase water demand. 

Avoid application at time of spring green-up of warm 
season turf. Decreases early water demand of warm 
weather turf. 
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e. Monitor
potassium
levels and keep
readily ava i 1-
able in periods
of high temper-
ature and
drought stress

f. Apply dry
fertilizers
when feasible

g. Apply growth
regulators as
fertilizer

5. SOIL COMPACTION

AND LOW

PERMEAB IL ITV

Permits turf to resist stress. Reduces turf grass 
wilting tendency. 

Avoids water needs associated with liquid 
applications. 

Grass blades grow horizontally rather than vertically, 
reducing ET rate. 

Compaction is a problem for all turf areas. 
except areas with very sandy soil. Infiltration, 
percolation, aeration, and plant available moisture are 
altered by soil compaction. Water use efficiency is 
enhanced in non-compacted soils. Changes in soil 
structure cause water loss by evaporation and runoff, in 
addition to influencing plant growth. Causes reduced 
root growth. 

To alleviate soil compaction and improve soil permeability: 

a. Aerify.

b. Use soil tests
to assess soi 1
salinity and pH

c. Apply gypsum.

d. Apply sulphur or
sulphuric acid.

e. Control high
traffic areas.

f. I nsta 11 cart
paths

Soil cultivation enhances infiltration, percolation. and 
soil moisture content. Permits water, air, and 
chemicals to reach root zone of turf. 

High salinity increases potential for runoff, reduces 
infiltration and percolation rate. High pH increases 
water demand. 

Replaces sodium in the soil and allows it to leach 
out. Improves infiltration and percolation. 

Lowers pH of soil. 

Reduces compaction. Options include: Change traffic 
pattern; restrict traffic from specific areas; restrict 
carts to cart paths; smaller more frequent applications 
in high traffic areas. 

Paths should be installed throughout golf course or at 
least in heavily travelled areas (e.g •• around greens 
and tees). Reduces impact of cart traffic on soil 
structure, reduces compaction. 
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g. Apply wetting
agents.

h. Use geotextiles,
plastic, or
concrete pavers
cut out for turf.

i. Apply rules,
such as 90 °

rule, to mini
mize cart traf
fic on fairways.

6. TURF DAMAGE

a. Keep carts off
turf during hot
periods to
reduce tire wilt

b. Control number
of golf rounds
played on
hot days.

c. Allow for
maximum
recovery time 
of turf before
using muddy or
damaged areas.

7. THATCH CONTROL

Institute a 
systematic 
thatch control 
program. 

8. MOWING PRACTICES

Incorporate 
turf mowing 
practices that 
reduce ET rate. 

Can be applied manually or injected automatically 
through the irrigation system. Increases infiltration 
rate. Especially useful for sandy soils that have 
developed a hydrophobic condition. 

Relieves wear and tear on soil structure and turf. 
Reduces soil compaction. 

Reduces compaction. 

Wilted turf has a higher water demand. Damaged turf 
requires water to bring it back. 

Relieves tress on turf; reduces use of extra 
irrigation water to bring turf back. 

Reduces damage from soil compaction; reduces use of 
extra irrigation water to bring turf 

Methods to control thatch include: verticutting, 
slicing, and spiking. Thatch increases the potential 
for runoff, decreases the infiltration rate, raises 
water demand. 

A few practices are: mow turf at prescribed height; 
use reel type mower; use sharp mower blades; 
mow frequently; do mowing in late day or night. 
Mowing practices are dependent on use and budget. Turf 
grass water use increases with mowing height and 
declines with mowing frequency. 
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D. POND AND
RESERVOIR
MANAGEMENT

1. SURFACE AREA

a. Eliminate ponds
or reservoirs
that are not
being used
for storage.

b. Decrease pond
surf ace area to
depth ratio.

c. Use chemical
surface coating
or mechanical
covers.

2. SEEPAGE

a. Drain pond.
Reline with
heavy duty
plastic film
and/or concrete.

b. Convert streams
and channels
that deliver
irrigation
water to
covered pipeline.

DESCRIPTION/CONSERVATION POTENTIAL 

Reduces evaporation and seepage. 

Reduces evaporation. 

Reduces evaporation. 

Most efficient method to eliminate pond leakage. 
PVC liners completely eliminate seepage. 

Eliminates evaporation and seepage. 

E. TURF MAINTENANCE DESCRIPTION/CONSERVATION POTENTIAL 
STAFF

1. STAFF HIRING, Good management involves all staff members at a 
facility. 

RETENTION ANO 
EDUCATION 

a. Staff Education Staff education should focus on water conservation, 
irrigation techniques, and irrigation technology. 
Encourage, support financially, and give time off for 
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b. Promote
in-house.

c. Pay adequate
salaries.

d. For large turf-
related facili-
ties, hire an
irrigation
manager whose
sole responsi-
bil ity is i r-
rigation and
turf management.

e. Create operators'
conservation
incentive.

f. Hire staff with
education and
experience in
agronomic area.

F. FACILITY DESIGN

1. GENERAL

2. GOLF COURSES

a. Minimize and
level turf;
use cart paths.

seminars and work-shops on water conservation and 
irrigation techniques. 

Staff retention yields more employees skilled in water 
conservation techniques. 

Decreases staff turnover, retains staff skilled in 
water conservation techniques. 

Irrigation manager can concentrate on irrigation and 
water conservation. 

Give bonus calculated on water saved. Improved staff 
morale and awareness resulting in water conserved. 

Irrigation and turf management skills and education 
assist in successful water conservation efforts. 

DESCRIPTION/CONSERVATION POTENTIAL 

Develop a master plan for the design (for new 
facilities) or redesign (for existing facilities) that 
incorporates water conserving elements. The irrigation 
technologies, turf selection and pond/reservoir 
construction guidelines outlined above are all relevant 
for designing or redesigning turf facilities with water 
conservation as a goal. They are not reiterated in this 
sect ion. 

Design measures include: narrower fairways, 
reduced fairway length, more tee choices per hole, 
less rough area, smaller greens, flatter course, fewer 
slopes, no turf in front of tees, complete cart path 
system, and zero lot line fairways placed side by 
side. Smaller green, tee, rough, and fairway areas 
reduce total irrigation water demand. Flatter course 
reduces water loss from runoff. Cart path system 
reduces soil compaction and wear and tear on the turf. 
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b. Water harvesting

c. Zone areas of
different water
demand
separately.

d. Individualized
head layout
that responds
to facility
configuration

e. Looped lateral
system

f. Use of vegeta-
tive or other
wind barriers

g. Involve golf
course super-
i ntendent in
original design

h. Use native or
low water use
landscaping in
non-turf areas.

i. Design facility
to ensure comp-
l iance with
DWR requirements

j. Design facility
to accorrmodate
effluent as
source water

Use catch basin to redivert storm water and runoff to 
storage ponds; perforate pipe collection system to 
funnel water to storage ponds; slope fairways toward 
ponds; design cart paths to drain into lake; and collect 
water from adjacent developments. Water harvesting 
increases reuse potential of irrigation water. allows 
retention of 1

1free 11 water on-site. 

Areas to zone: level and sloped areas; windy and 
protected areas; tees. greens. fairways and rough; turf 
and non-turf areas; soils with different percolation 
rates; separate difficult to manage areas; shady and 
non-shady areas. Incorporate separate valving for zoned 
areas. Reduces amount of water lost to evaporation. 
runoff. and percolation below the root zone. Eliminates 
over-watering to accommodate dry or hard-to-irrigate 
areas. Especially important for new design. 

Use small heads on tees and greens. 1/2-circle heads 
at edge of turf area. Eliminates runoff and 
over-irrigating to compensate for dry areas. 

Lower pressure differential than a linear irrigation 
system. Improves the uniform distribution of irrigation 
water. Lower differential between wet and dry spots. 

Reduces evaporation. 

Application of water conservation methods and 
and techniques gained through hands-on 
experience. 

Low water-demand plant materials reduce amount of 
water needed to irrigate non-turf areas. 

Minimizes probability that facility will use more 
than the maximum annual allotment. 

Separate turf/landscaping distribution system 
from potable distribution system. Select valves. 
heads. emitters. etc. able to function easily 
with effluent quality water. 
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3. NON-GOLF COURSE

TURF FACILITIES

Maximize areas
of low water
use plants and
inorganic
mulches in
non-play/minimal
use areas.

Less turf area being used; less area to 
irrigate. 
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APPENDIX 6-C 

CONSER VA TION TECHNOLOGIES FOR CATTLE FEEDLOT OPERATIONS 

A limited array of conservation technologies, including management practices, are 
commercially available for cattle feedlot watering purposes. Different combinations of 
technologies can achieve the same management impact. The appropriateness of a 
specific technology is dependent on the type of facility, the physical conditions at the 
facility site and any technologies already in use. The following is a list of the basic 
technologies for cattle feedlot watering. 

l. Sprinkler Heads: There are more than 1,000 types of sprinkler heads. Each facility
using a sprinklers system should select a head type that is appropriate for the
operation's watering system and the physical conditions at the cattle feedlot site. A
properly selected sprinkler head eliminates over spray, water application in excess
of infiltration rates, and runoff. Sprinkler heads can be implanted inside the pens
(encased for protection), mounted on fences in cattle alleys or mounted atop sun
shades. Nozzle spacings, diameters, discharge rates, and operating pressures are
interrelated and should be selected for each precise application.

2. S rinkler Sets: Sprinklers are generally arranged in single sets (e.g. valve-in-head
sprinklers , but can be modified for multi-head sets. Properly arranged sprinklers
ensure uniform saturation of the ground surface, avoids over spray and eliminates
runoff.

3. Controllers: There are many types of watering system controllers, ranging from
manual to fully computerized central controls. A properly selected controller
eliminates excess water application.

4. Mobile E ui ment: Mobile units used for feedlot dust control vary from standard
2 l 2-ton trucks outfitted with 4,000 to 5,000 gallon tanks, up to large tankers with
6,000 to 9,000 gallon capacity. A main nozzle with 100 to 120 feet maximum
trajectory is usually required, along with one or more additional nozzles to
accomplish uniform distribution over the area within 6 to 100 feet of the vehicle.

5. Float Control System: There are many types of float control systems for drinkers.
Each feedlot incorporating the use of float control systems should select the system
type that is appropriate for its facility and physical conditions at the site. A
properly selected float control system for feedlot animal watering eliminates waste
by maintaining proper drinking water levels in the troughs and eliminating trough
overflow.
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