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The Maricopa County Board of Supervisors
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Honorabl e Board:

In compliance with our agreement of March 2, 1964, and its extention granted
January 11,1965, I submit the study: "PRESENT AND FUTURE WATER USE AND
ITS EFFECT ON PLANNI NG IN MARICOPA COUNTY, ARIZONA".

Collecting the basic data, I have been offered the most objective and cooperative
assistance by Federal agencies, State of Arizona, County offices, municipalities,
irrigation districts, utility companies, and many individuals. To each one of these
I am truly indebted.

Individual members of the Maricopa County Planning and Zoning Commission;
Mr. Donald W. Hutton, Director of Maricopa County Planning and Zoning Department
and his staff; Mr. Joseph J. Weinstein, Director of the Division of Environmental
Sanitation, Maricopa County Health Department; and Mr. Eddie M. Brown, Director,
Maricopa County Parks and Recreation Department provided most valuable assistance
during the accumulation and analysis of the information upon which this report is
predicated. Mr. Henry Shipley, Associate General Manager of the Salt River Valley
Water Users Association; Mr. Earl E. Komie, Chief Administrative Geologist, Phoenix
Department Office, U.S. Bureau of Reclamation; and Mr. J. K. Kipp, Consulting
Economist, Phoenix,have to be mentioned especially for their helpful suggestions and
contri buti ons to thi s study.

The opportunity of serving the County of Maricopa in this capacity has been most
appreciated, and I am happy that I have been able to assist its planning officials in
one of the initial steps of establishing a long-range County Planning Program.

Respectfu II y submi tted,

Dr. Heinrich J. Thiele

Consulting Hydrologist
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PREFACE

Urban land uses such as residential, commercial, industrial, public and semi-public, and

rural land uses such as agriculture, are dependent upon a water supply of sufficient quantity and

quality to meet present and future needs. Therefore, the location, availability, quantity,

and quality of water influence or determine the location, type, and extent of land uses that

can be su pported .

This report contains an analysis of water conditions in Maricopa County together with an

estimate of future water requirements based upon projected population estimates for certain

select years. The magnitude of quantitative and qualitative water conditions and their signif

icance and implications with respect to physical planning for future growth of the County are

discussed herein. This report is not intended to be definitive for specific geographical areas

because of certain inherent limitations of information and data which, of necessity, were

obtai ned from second ary sou rces.

This report upon water resources was prepared by Dr. Heinrich J. Thiele in close

cooperation with the staff of the Maricopa County Planning Department and data has been

compiled, analyzed, and presented in a form that will be of invaluable use in future area

wide land-use planning. In addition to its anticipated usefulness for public planning purposes,

this report should be of interest and use to various private agencies and individuals concerned

with water condi ti ons .

Findings contained herein should be brought up to date, supplemented, and expanded

as conditions permit. This report provides a sound basis for an approach toward future land

use pi anni ng that wou Id be corre Iated wi th water resou rces .

f)_..'-t/d~
DonaldW. Hutton, Director
Maricopa County Planning and Zon ing Department
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SYNOPS IS

Water is a necessity for the support of life anywhere, but especially in the Southwest.

In the rapid growth of Maricopa County and the Phoenix Metropolitan Area it becomes evident

that present and future water use wi II have a far-reachi ng effect on development and planni ng

therefor. A long-range planning policy should look forward to an adequate supply of water at

all times. This report presents an analysis of water supply and need in Maricopa County, and

especi all y the Phoeni x Metropoli tan Area, beyond the year 1980.

Ground water use in the western basi ns of the County averages 650,000 to 700, 000 acre

feet per year, most of it used for agricultural purposes. In some of the basins ground water

storage reserves are consi derable. For domesti c use, most of the ground water in western

Mari copa County wi II have to be treated because of excessi ve fl uori des.

In the Phoenix Metropolitan Area in 1963, 2,962,000 acre-feet were made available

at diversion points, 72 percent of it being ground water. Of this amount, 2,363,000 acre-feet

arrived at the points of use, about 88 percent of whi ch was used for irri gation agri culture.

The di fference between the two quanti ti es, 599,268 acre-feet were lost by seepage and

evaporation. The actual "mining" of the ground water reserves amounted to 1,313,000 acre

feet.

The ground water storage reserve to 1,000 feet depth was roughly 100 million acre-feet,

54 percent were located in the Phoenix Basin and 46 percent in the Mesa Basin, forming two

more or less independent ground water units. The depletion during the 7 year period 1956

1963 was 5,920,000 acre-feet, causing an average water-table decline of 42 feet in the

Phoenix Basin and 49 feet in the Mesa Basin. Local depletion by over-pumping was and still

is considerably higher, especially east of Mesa; and in the Glendale-Deer Valley and Litchfield

Beardsley areas. The 1,313,000 acre-feet of ground water "mined" and the 900,000 acre-feet

of surface water brought into the Phoenix Metropolitan Area in 1963 left a salt residue in the

order of 1.8 million tons per year in the underground which slowly increased the concentration

of the remaini ng ground water reserve. Good quali ty water in Iarger quanti ty sti II is to be

found in Parodi se Valley and the Queen Creek Basin areas.



The Salt River Project supplies water as the life blood to the Phoenix Metropolitan Area,

in the order of 900,000 acre-feet per year. By the year 2020, the foreseeable need wi" be

1.9 mi Ilion acre-feet, with the ground water storage reserve reduced to 38.6 mi Ilion acre-feet.

It is mandatory that at least this volume be maintained as an iron reserve to be used only during

periods of surface water shortage. The Central Arizona Project and its water supply from outside

sources are of paramount importance to Maricopa County and the Phoenix Metropoli tan Area,

and their planning for future growth.
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ERRATA SHEET

page 7, paragraph 4, line 5
delete "used approach"
insert "a pproac h used"

page 7, footnote, line 2
delete "acre-feet"
insert "acre-foot"

Page 18, paragraph 2, second sentence
should read "New additional lands are continuously developed for irrigation
wherever ground water suppl ies can be found except in those areas wh ich are
curtai led by critica I water area laws. II

page 19, paragraph 2, line 4
should read 1, ••• past changes of ... "

page 21, paragraph 1, line 3
should read" ... this major reason, daily water deliveries by different water
compan ies vary between an average of 68.5 and ... "

page 22, paragraph 2, line 5
delete "and"
insert" per"

page 26, paragraph 4, line 4
shou Id read " ... 2 to 10 feet per year. "

page 34, paragraph 2, line 5
delete words "offset by an increase in sodium.

page 24, paragra ph 5, line 1
delete "project-irrigated areas"
insert II project-irrigated acres"



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I INTRODUCTION

Within a short span of years, Maricopo County has increased several times in population.

There is every indication that this expansion will continue unabated into the foreseeable

future. The problems of the future will require a high degree of coordination and integration

of land uses as related to water uses. The County's interest in water is necessarily a general

one in all aspects of development and use. However, the ultimate objective of comprehensive

planning is to enable the people in the County to achieve maximum benefits from all resources

by the development, use and conservation of water and an appropriate use of land. Effective

and equitable long-range planning is dependent upon an adequate knowledge of the County's

water resources.

1. Authori ty for Work

This study is submitted to the Maricopa County Board of Supervisors in accordance with

a resoluti on passed March 2, 1964. The purpose of the report is to provide factual data on

water resources and needs to the County Board of Supervisors, the County Planning and

Zoning Commission, and various other County departments, public agencies and interested

ci tizens.

2. Purpose and Importance to Advance Planning

As the County's popu Iati on spreads from the ci ti es to the fri nge areas and to suburban

or detached subcenters and satellite towns, guide lines for forecasting growth and land use

will have to be adjusted. Customarily, land development plans provide information on the

amount of land that will be devoted to each purpose and how intensively it will be utilized

through gradual development. Land use plans should take into consideration water resources

and their ability to serve a basin area. An understanding of the most suitable patterns of

growth is based on growth and balance characteristics of development. The objective of

thi s study is to understand economi c forces such as water avail abi Ii ty and water-use poten

tia� by geographical area. This report sheds light on some water-related issues which are

-1-



significant far beyond those of a mere water resources study. Urbanization and agricultural

irrigation should be brought into balance, their respective water needs with their water base.

The study represents more than a compilation of existing data; it involves considerable research

and evaluation of findings.

3., The Study Area

For purposes of this study, Maricopa County was divided into (1) basin-areas with major

ground water resources; and (2) the remaining area of the County which in general holds some

local water reserves too limited for any land development beyond that of scattered fami Iy

houses. Thi s second and larger area beyond present and probable future areas of urbani zation

will be generally subject to only sparse development in all likelihood. Moreover, such areas

wou Id requi re water to be pi ped into them.

The hydrologic unit boundaries of the ground water basins were determined from con

siderations of water availability. Locations of the major ground water basins are shown in

Plate 1: McMullen Valley, Harquahala Basin, Palomas Plains, Dendora Valley, Gi la Bend

Basin, Waterman Wash Basin, Arlington Valley, Tonopah Valley, Lower Hassayampa Valley,

Cave Creek Basin, Salt River Valley which includes the Phoenix and Mesa Basins.

The Salt River Valley area is called the Phoenix Metropolitan Area, * for purposes ofthis

study, and is limited in the north by the Hieroglyphic Mountains, New River Mountains and

Cave Creek Basin; in the northeast and east by the McDowell Mountains, Usery Mountains,

and Superstition Mountains; in the south by the San Tan Mountains, South Mountains, Sierra

Estrella Mountains and Buckeye Hills; and in the west by the Hassayampa River and the

White Tank Mountains (see Plate 1).

The Metropolitan Area is subdivided into two ground water hydrologic units, the

Phoenix Basin in the west and the Mesa Basin in the east. The Phoenix Basin's sub-units are

the Central Phoenix Area east of the Agua Fria River, and the Beardsley-Litchfield-Buckeye

Area to its west. The Mesa Basin is divided into the Paradise Valley unit north of the Salt

River; the Mesa-Chandler area west of a north-south line connecting Usery Mountains and

San Tan Mountains; and the Queen Creek-Magma area extending into Pinal County to the

east of said dividing line. The Mesa Basin unit crosses the political boundary line of the

*This is not to be confused with the Standard Metropolitan Statistical Area as defined
by the U.S. Census Bureau which includes all of Maricopa County.

-2-
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County, which does not however stop population movements and developments as demonstrated

by the extent of development in the Apache Junction area east of Mesa. The ground water

area boundaries and subareas shown here within the Phoenix Metropolitan Area do not conform

with boundaries and subareas of the Salt River Valley as established by the U.S. Geological

Survey.

Several maps are included within this report depicting present and forecasted quantitative

and qualitative water conditions. The maps were adapted from a base map constructed for this

report by the Mari copa County PI anni ng and Zoni ng Department.

4. Sources of Informati on

In preparation of this report, prior investigations and reports dealing with Maricopa

County water resources and water uses were studi ed. Information was obtained from the fi les

oftheU.S. Geological Survey, Phoenix and Tucson; U.S. Bureau of Reclamation, Phoenix;

Arizona State Health Department, Phoenix; University of Arizona, Agricultural Extension

Service, Tucson and Phoenix; Arizona Corporation Commission, Phoenix; Maricopa County

Planning and Zoning Department, Phoenix; Maricopa County Health Department, Phoenix;

the cities and towns of Phoenix, Mesa, Scottsdale, Tempe, Gilbert, Chandler, Glendale,

Peoria, Litchfield, Goodyear, Avondale, Tolleson and Buckeye; Salt River Project;

Maricopa County Municipal Water Conservation District No.1; Roosevelt Water Conservation

Di stri ct; private water compani es and other agenci es; and from other sources and publi cations

(see References).

5 . Formu Iati on of a Program

Thi s study encompasses three basi c components:

(1) Water-Use Study: Water used for agricultural and nonagricultural purposes; trends

in nonagricultural consumption;

(2) Water-Resources Study: Water table information and water quality;

(3) Water-Utilization-Potential Study: Water availability in the Phoenix Metropolitan

Area; forecast in water use trends, probable population and irrigated acreage, until and

beyond 1980.

-3-



6. Accuracy of Estimates and Li mi tations

The water use and resource analysis in this report is reconnaissance in nature an

limited by the data presently avai lable.

The detailed determination of present and projected population, land use, and ater

use by small geographic units would require a detailed inventory and corollary analysJ which

are beyond the scope of this study. To cope with the basic data problem, the entire pfoenix

Metropolitan Area is considered as a unit subdivided into the Phoenix Basin and Mesa Basin

sub-units. This procedure permits using those numbers for population, land and water ise which

are most definitely established and sufficient for the type of overall determinations made in

this study.

The basic data available in files and publications have been scrutinized carefull . A

thorough appraisal of the available geologic and ground water hydrologic information indicated

a lack of quantitative data necessary for an accurate evaluation. The depth and configuration

of the ground water basins and the type and distribution of materi als comprising thei r a luvial

fill are known from a relatively small number of wells and test holes. The method used is to

correlate the safe yield of the alluvial fill, dewatered in the past, with the gross wateli supply

at diversion points, net supply at points of use, and water table decline rates. A more

accurate accounting can be accomplished only with very high expenses of test drilling and

test pumpi ng. On the other hand, broader consi derati ons, and those of general reconnbi ssance

to best advantage, often do not require a higher accuracy.

The method used to make predictions herein consists mainly of determining past t ends in

water-table declines and projecting these into the future. This approach takes into acrunt

the complete extent of a ground water-filled basin, to an average depth of 1,000 feet from

ground surface, changes in the basi n shape and in speci fi c yi e Id caused by greater com acti on

with increasing depth and intervening clay layers. The specific yield of the dewatered part

of the Salt River Valley aquifers averages 20 to 21 percent above 248 feet depth, and,

straight-line assumption of declining rates to 10 percent at 1,000 feet is the best appro imation

possible, wi thout detai Ied studi es. Any devi ation from thi s hypothesi zed set of condi tilns wi"

directly affect the amount of change in forecasted water levels and affect the accuracJ of the

predi ctions made. However, Ioca I devi ati ons from these pro jecti ons wi II not necessari Iy

-4-
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constitute a major deviation from the predictions made for a ground water basin as a

whole.

The population projections for the Phoenix Metropolitan Area, made by the Maricopa

County Planning and Zoning Department and others, to and beyond 1980, constitute pre

liminary projections on the basis of which the nature of likely changes in the agricultural

pattern may be observed. If the population projection for 1980 should not be attained until

1985, the changes in the relative proportions of the projected agricultural acreage, accom

panying such an extension of time for an attainment of a given population, would not

materially change the relative proportions of these two major types of water users. High

precision in population projection is not essential for obtaining a fairly reasonable appor

tionment of the remaining irrigated acreage. Nonagricultural and agricultural water uses

determine the area's total water consumption.

-5-
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II. SUMMARY OF FINDINGS AND CONCLUSIONS

"At a time when use of water is increasing rapidly and is approaching
feasible limits of development in area after area, and when there is growing
national awareness of the true importance of water in our economy, we must
admi t that we do not even know how much we use, to say nothi ng of how
much we have that can be used."

The U.S. Geological Survey Report presented to the President's Water Resources Policy

Commission, 1950, contained this statement. The validity of this assertion is becoming all

too apparent when studying this report. The optimum utilization of Maricopa County's water

resources, in the need of long-term planning, can result only out of the correlation of future

water requirements and the available water reserves. Without augmenting the available

water supply, growth and development of Mari copa County, and especi ally of the Phoenix

Metropolitan Area, will be retarded before the year 2000. The objective of this report is

to present an analysi s of water suppl y and demand as they influence land development factors

in future County planning.

In this study, ground water basins of Maricopa County are being investigated, and

in more detail, those of the Phoenix Metropolitan Area.

1. Water Need

In determining water needs, past trends in water usage were evaluated and continued

into the future. The nonagricultural water use, for the year 1963, was 309 gallons per capita

per day (gpcd) and the total consumption for 815,000 people amounted to 282,000 acre-feet.

The total population of the County, at that time, was 831,000 persons. The agricultural gross

water use, at 4.84 acre-feet per acre, amounted to 2,081,000 acre-feet required to irrigate

430,055 acres in the Phoenix Metropolitan Area. The total irrigated acreage of the County

was 509,400 acres. The present analysis concentrates on the Phoenix Metropolitan Area

because of the magnitude of population here and because the compilation of the available

data furnishes a broad basic source of information for this particular area. Data available for

all water uses and sources in other areas of the County are admi tted Iy incomplete in many respects.
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TABLE 1

SUMMARY OF QUANTITATIVE AND QUALITATIVE GROUND WATER INFORMATION, SPRING 1963
Phoenix Metropolitan Area

Quantitative Information Qualitative Information (Average Values)
Depth to Water Rate of Annual Depth to Depth to Total Total Fluorides Temper-

Spring 1963 Water Table Water Water Di ssolved Hard- ppm* ature
Feet Decline Forecast Forecast Solids ness of

Feet 1970 1980 ppm* ppm*
Feet Feet

I. PHOENIX BASIN

West of Agua Fria River

Gila River Valley 40-150 0- 4.0 50-180 60-220 2100 600 1.3 80
Litchfield-Beardsley Area 150-440 4.0-15.0 180-530 220-680 280 77 1.4 82

East of Agua Fria River

Salt River Valley 40-150 0- 4.0 50-180 60-220 1900 530 0.8 77
Phoenix-Glendale-
Deer Valley Area 150-470 4.0-17.0 180-570 220-740 490 250 0.6 81

II. MESA BASIN

Paradise Valley

South of Indian Bend 60-315 10.5-17.5 200-420 200-580 625 225 0.7 83
North of Indian Bend 186-850 1.0-9.2 240-860 300-880 305 160 0.7 86

Mesa-ehandler Area

North of Basel ine 60-513 1.4-15.4 70-615 84-745 770 270 0.8 75
South of Baseline 57-445 0-18.6 75-575 200-761 2100 790 0.6 78

Queen Creek-Magma Area

North of Apache Blvd. 230-501 6.0-13.5 279-527 350-637 1130 350 1.8 95
South of Apache Blvd. 440 150 0.7 88
Pinal County Area 245-412 6.0-13.0 287-457 350-633 550 210 0.6 79

*ppm = parts per mi Ilion

- -- - - - - - -- - -- - - - - --
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2. Present Water Supply

The approach to the present water study has been adjusted to fit the nature of the speci al

conditions and the available data within Maricopa County. To cope with the basic data

problems, an entire basin area has been selected as a unit, which is the customary procedure

of this kind. Basin depths are often several thousand feet. Total ground water storage to

1000 feet depth of the Phoenix Metropolitan Area was estimated as follows as of spring 1963:

I
I

Phoenix Basin

Mesa Basin

Phoenix Metropolitan Area

53,971,000 acre-feet

46,337,000 acre-feet

100,308,000 acre-feet

I
I

The 1963-depletion of the ground water reserve of the Metropolitan Area was 1,313,000

acre-feet, which represents 1.3 percent of the combined storage. It also should be mentioned

that 828,268 acre -feet of surface water were avai Iabl e du ri ng thi s speci fj c year, and that the

total gross water use amounted to:

The consumptive use of almost 2 .2 mi Ilion acre-feet of water for various purposes

added about 1.8 million tons of salt to the underground and part of it to the remaining ground

water storage, thus increasing its concentration. *

I
I
I

Surface Water

Ground Water

Total Water Supplied

828,268 acre-feet

2, 134,000 acre-feet

2,962,268 acre-feet

I
I
I
I
I
I
I

Data has been assembled on the water supply situation in various parts of the Phoenix

Metropolitan Area (Table 1), exposing the range of spring 1963 water tables; and annual

water-table drop rates based on observations during the preceding la-year period. Future

forecasts using these decline rates to 1970 and 1980, and water quality criteria, also are

summarized in Table 1. It might be stressed that the used approach is conservative, requiring

some restrictions in water use during the 1963- 1980 period since the basin extent shrinks in

greater depth. Maximum changes in depth to water become obvious:

*Average content of total dissolved solids equals 600 parts per mi !lions (ppm)
0.00137 x ppm = tons per acre-feet, 0.00137 x 600 = 0.822 ton of salt per acre-feet
2.2 million acre-feet x 0.822 ton = 1,808,400 tons of salt.
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I
Depth to Water (Feet)

Area of Observation Forecast
1963 1970 1980

Litchfield-Beardsley Area 4401 560' 680'
Glendale-Deer Valley Area 470' 570' 740'
Northern Paradise Valley 850· 860' 880·
East of Mesa 513 1 615 1 745'

I
I
I

-8-

Present (1963) decline conditions are relatively favorable compared with those of 1980,

17 years from now, for a seri es of ground water basi ns to the west of the Phoeni x Metr ' po Iitan

Area (Table 2). The seriousness of heavy water-table declines is apparent in McMull n

Valley and Harquahala Plains:

Favorable water supply areas remaining for long-term use, from a quantitative as also

from a qualitative standpoint, are Paradise Valley and the Queen Creek-Magma Area, f

Mari copa and Pinal Counti es, two important parts of the potenti al Phoenix Metropolitan Area.

The Cave Creek Basin with its limited ground water reserve wi II have to depend in the future

on the aquifer of Paradise Valley.

Economic limits of irrigation farming with local ground water supplies might hal e an

impact on these two farming districts. The ground water reserve in the Harquahala Ba}'n is

expected to shrink horizontally, another cause for a reduction in irrigated acreage. T e

water quality is detrimental to public health because of fluorides exceeding the optim 1m of

1.4 in most of the outlying basins. Also the total salt content is often marginal. The Huality

factors alone would be a detriment to urban development in these areas.

I
I

I
I
I

I
I
I
I
I
I
I

I
I
I

6371

730·
484'
390'

1963 1980

Depth to Water (Feet)
Forecast

McMullen Valley
Harquahala Plains

Area of Observation

It also should be mentioned that these forecasts consider total basin water use, i.e.

for the Mesa Basin including Paradise Valley and the Queen Creek-Magma area in Pirl

County. The likely water table decline rates per year do not differ essentially from tTse

experienced in the past. The chemical quality of ground waters is unfavorable for dorestic

use in downstream areas whi ch recei ve each year, wi th the i rri gati on return flow, a Irger

portion of the yearly added 1,800,000 tons of salt (see values for total dissolved solids and

hardness) .



TABLE 2

SUMMARY OF QUANTITATIVE AND QUALITATIVE GROUND WATER INFORMATION, SPRING 1963
Qutlying Ground Water Basins

Quantitative Information Qualitative Information (Average Values)
Depth to Water Rate of Annual Depth to Depth to Total Total Fluorides Temper-

Spring 1963 Water Table Water Water Dissolved Hard- ppm ature
Feet Decline Forecast Forecast Solids ness of

Feet 1970 1980 ppm* ppm*
Feet Feet

Waterman Wash Basin 215-356 2.0-10.0 277-385 265-454 1100 130 4.5 89

G" B dB' {North 110-329 2.0- 9.7 140-364 204-414 1900 490 2.9 87
I a en aSI n {South 24-252 0- 4.2 84-261 24-274

Dendora Valley 30- 60 0.7- 1.8 35- 65 40- 78 3200 1450 3.9 85

. {North 76-244 0- 1.0 77-253 78-263 660 56 4.5 95
Palomas Plains {South 30- 76 0- 1.0 30- 77 30- 78

McMullen Valley 406-484 2.6- 9.0 424-547 450-637 300 85 2.8 86

Harquahala Basin 31-390 0.9-22.0 200-525 350-730 600 100 3.2 90

Tonopah Valley 64-245 0.3- 7.7 70-273 75-313 480 65 6.0 96

Arlington Valley 63-200 0.6- 3.0 88-215 120-235 1200 130 2.3 87

Lower Hassayampa Valley '30-480 0- 1.3 30-490 30-500 260 140 0.5 78

*ppm = parts per mi Ilion

-------------------



TABLE 3

SUMMARY OF POPULATION POTENTIAL, TOTAL WATER REQUIREMENTS AND GROUND WATER DEPLETION, 1963 TO 1980
. Phoenix Metropolitan Area

NONAGRICULTURAL WATER USE AGRICULTURAL WATER USE GROUND WATER DEPLETION, PHOENIX AND MESA BASINS

Vear Papulation(l)
Totol Non-Agricultural
(2) Water Use

gped acre-feet/year

Total Agricultural
Acreage
(Acres)

Agricultural(3)
Water Use
(acre-feet)

Combined
Water Use
(acre-feet)

Averoge
Depth to Water

(feet)

Basin Area
Below Water Table

(acres)

Depletion
Per Annum
(acre-feet)

Accumulative
Depletion
(acre-feet)

Total Basin
Reserve

(acre-feet)

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

2000

2020

815,000

872,941

930,882

988,824

1,046,765

1,104,706

1,162,647

1,220,589

1,278,529

1,336,471

1,394,412

1,452,353

1,510,294

1,568,236

1,626,176

1,684,118

1,742,059

1,800,000

2,660,000

3,000,000

309

310

311

312

313

314

315

316

317.5

319

321

323

325

327

329

331

333

335

388

446

282,000

303,000

324,000

345,000

366,000

388,000

410,000

432,000

454,000

477,000

501,000

525,000

549,500

574,000

599,000

624,000

649,500

675,000

1,156,000

1,500,000

430,055

424,000

417,000

411,000

305,000

398,000

392,000

386,000

379,000

372,000

365,000

358,000

351,000

344,000

337,000

330,000

322,000

318,000

181,000

83,000

2,081,000

2,050,000

·2,019,000

1,989,000

1,959,000

1,928,000

1,897,000

1,866,000

1,835,000

1,802,000

1,768,000

1,734,000

1,699,500

1,666,000

1,631,000

1,596,000

1,561,000

1,527,000

. 876,000

402,000

2,363,000

2,353,000

2,343,000

2,334,000

2,325,000

2,316,000

2,307,000

2,298,000

2,289,000

2,279,000

2,269,000

2,259,000

2,249,000

2,240,000

2,230,000

2,220,000

2,211,000

2,202,000

2,032,000

1,902,000

248

254

261

267

274

280

287

293

300

306

313

319

326

332

339

345

352

358

488

617

1,012,000

1,008,880

1,005,750

1,002,620

999,490

996,360

993,230

990,000

986,630

983,260

979,890

976,520

973,150

969,780

966,410

963,040

959,670

956,300

900,000

850,000

1,313,000

1,303,000

1,293,000

1,284,000

1,275,000

1,266,000

1,257,000

1,248,000

1,238,000

1,228,000

1,218,000

1,208,000

1,199,000

1,190,000

1,180,000

1,170,000

1,161,000

1,152,000

21,310,000

18,185,000

1,313,000

2,616,000

3,909,000

5,193,000

6,468,000

7,734,000

8,991,000

10,239,000

11,477,000

12,705,000

13,923,000

15,131,000

16,330,000

17,520,000

18,700,000

19,870,000

21,031,000

22,183,000

43,493,000

61,678,000

98,995,000

97,692,000

96,399,000

95,115,000

93,840,000

92,574,000

91,317,000

90,069,000

88,831,000

87,603,000

86,385,000

85,177,000

83,978,000

82,788,000

81,608,000

80,438,000

79,277,000

78,125,000

56,815,000

38,630,000

(1) Population for area defined in text and shown as Phoenix Metropolitan Area on Plote 1, not Mad copo County.

(2) Gallons per capita per day.

(3) Based on 4.84 acre-feet of water per year for each acre of irrigated agricultural land.

- - - - - - - - - - - - - - - - - - -
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3. Future Water Demand

The development of a sound and prosperous future for Maricopa County relies heavily

upon a carefully balanced water resource program. Table 3 shows the population potenti al /

total water requirements and ground water depletion from 1963 to 1980 for that central

portion of Mari copa County. Much can be accomplished by wise planning.

For di scussion purposes a few fi gures may be repeated ina more condensed form:

Year Population Irrigated Potenti al Remaining
Potential Acreage Water Need Ground Water

For Potential at Delivery Points Storage
Phoenix Reserve

Metropolitan to 1000 I De pth
Area Acre-Feet

1963 815/000 430/055 2/363/000 100/308/000

1980 1/800/000* 315/000 2/202/000 78/125/000

2000 2/660/000** 181/000 2/032/000 56/815/000

2020 3/000/000** 83/000 1/902/000 38/630/000

Ultimate 3/200/000 0 1/800/000 Remai ni ng Reserve
to be used only
during a period of
surface water shortage

The planning approach used in this report does not take into account the augmenting of

available water supply from outside sources such as 1) the Central Arizona Project/ which is

scheduled to import more than 1 mi Ilion acre-feet of Colorado River water / most of it to

Maricopa County and the Phoenix Metropolitan Area (the Central Arizona Project, delayed

since 1947/ has now been made part of the Pcicific Southwest Water Plan); and 2) the ultimate

possibility of ocean water desalinization and transport of same from the Gulf of California.

* Source of estimate: Maricopa County Planning and Zoning Department

**Source of estimate: This Report.
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The population potential of the Phoenix and Mesa Basins is estimated as follows:

Year Phoenix Basi n Mesa Basin

1963 590,000 persons 225,000 persons
1980 1,000,000 800,000
2000 1,420,000 1,2'40,000
2020 1,560,000 1,440,000
Ultimate 1,700,000 1,500,000

In other words, a second metropolitan sub-center, in the Mesa Basin area, couldre

supported by present water resources within this century. The ultimate development aproach

presented here as a type-area study relies ultimately on surface water and treatment of aste

effluent. Then ground water will be the catastrophe reserve to be touched only in time of

surface water shortage. A planning program has to be directed toward a logical solutio

For example, to rely on the possibility of a treaty with Mexico that would enable Arizo a to

construct a desalinization plant on the Gulf of California would be unrealistic right now,

although this solution might be considered as reasonable 50 years hence.

4. Water, a Land Development Factor

Forecasting future water needs for a Metropolitan Area requires the consideration of

three classes of information:

(1) Water Supply Data, i.e. the water resources available for public supply in each

part of a basin area;

(2) Water Use Data: This includes the analysis of trends in water use, affecting t e

standards of consumption for each particular land use, in order to arrive at more reliabl

estimates of future requirements. It also involves the determination of criteria and poli

of adequate water servi ce.

(3) Development of the Area: This comprises the delineation of the present and

ultimate boundaries of the development area; present and future population to be served by

water utilities; distribution of this population in the area; existing land use characteristi Si

expected amount, location, and density of future ILnd uses; and rates of growth at diffe ent

stages of development of the area. The marginal limitations on water utilization will have

to be focused primarily on agriculture, and their effect on the agricultural sector of the

-10-
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economy have to be taken into consideration. Because of the rapidly changing environment

of the Metropolitan Area, the statistical extrapolation of past population trends is sometimes

of doubtful validity. Therefore, special emphasis should be given to case study techniques

to identify, isolate and analyze more directly the judgment factors needed in forecasting.

5. Water Resources Management and its Relationship to Regional Planning

The basic methodology to coordinate water resources management with regional planning

has been developed and practically worked out ina three-county area in Michigan. This

comprehensive program is based on the following three steps:

(1) Consideration of 3 alternative geographic patterns of future economic developments

as they may di ctate future geographi c patterns for water requi rements;

(2) Developing specific plans for water resources management and evaluating the con

structi on costs of the necessary water and sewage treatment faci Ii ti es, for each of the alter

nati ve geographi c patterns of economi c growth;

(3) Selection of a model or combination of models as future planning guide.

An examination of several models reveals how closely integrated regional planning and

water resources management wi II become in the future. Zoni ng patterns shou Id evo Ive that

will permit a population density that can be supported by adequate water supply at all times.

Existing water supply systems of public and private utility companies may have to be con

solidated to group water supplies. According to this study all water-related activities should

fall under the control of a Metropolitan Water Authority. Additional studies in Maricopa

County are suggested in line with the preceding thoughts.
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III. PHYSICAL FEATURES OF THE WATER SUP PLY AREAS

The physical character of Maricopa County has been described sufficiently in a report

prepared by the Maricopa County Planning and Zoning Department: "A Part of the

Comprehensi ve PI an for Mari co po County/Part I: Hi story / Economi cs/ Physi cal Features / "

published in 1963.

It is of interest, howeve~/ to extend some of this information to the ground water

bearing desert basins of Maricopa County.

1. Preci pitation and Ground Water Replenishment

The average annual rainfall per year ranges from 4.51 inches at Sentinel in the west to

8.06 inches at Mesa in the east. The ground water basins of the County are being replenished

primarily from the runoff originating in the surrounding mountains tributary to the basins. The

U.S. Geologi cal Survey/in Water Supply Paper 1669-F / has calculated the probable

annual recharge from precipitation for the Waterman Wash Basin, Maricopa County. It is

estimated that about 10 percent of the rainfall on the rugged mountain watershed of the Sierra

Estrella Mountains, adjacent to the basin, becomes runoff. Perhaps as much as 5 percent of

the preci pi tati on actuall y is recharged to the ground water reservoi r at the mountai n fronts.

The SO/ODD-acre drainage area of the basin receives an average annual precipitation of

7.5 inches, a total of about 30/000 acre-feet. Of thi s quantity a maximum of 1/500 acre

feet may be recharged, but probably considerably less. Most of the precipitation falling on

the basin itself is lost to evapotranspiration by the vegetative growth, or just evaporates, and

doesnot contribute to the replenishment of the aquifer. It may be concluded and generalized

that the present-day recharge of the County's basin-aquifers by rainfall and rainfall-runoff is

negligible.

The ground water basins form natural units within which climate, topography, natural

vegetation, geology and types of land and water use are closely interrelated. The basin unit /

therefore, becomes a suitable base for collection, analysis, and interpretation of its

characteri sti c features.
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2. Hydrogeology

The study area encompasses a group of structurally controlled depressions formed in

crystalline and metamorphic rocks. During Tertiary times, a period of regional uplift occurred,

and in connection with this uplift, a block-faulting and throwing up of mountain rangt. The

chai ns of mountai ns are the upthrown parts of blocks. On thei r west side are alluvi al fi II ed

valleys, today's ground water reservoirs. It is believed that these valleys are bounded by

faults of large displacement, whi ch have been subsequently obscured by erosion and alluvial

sediments. Caused by subsequent periods of faulting in two different directions, 5W-NJE and

E-W, beneath the va"ey Hli may ex' st '"eguIad ,; es a f the a Id roc k su rfoce; bur'ed d fges;

and other natural barriers. Along the base of some of the mountain fronts pediments h ve been

found, bedrock masses underneath a thin sheet of alluvium. The pediments terminate sharply at

the faults.

The structural troughs, probably more than a million years ago, were filled with debris

from the surrounding mountains, a heterogeneous complex of clay, silt, sand, gravel a d

boulders, and at the time of their deposition also with water, originating as runoff fro} the

hi gher elevations. The deeper parts of the basins often hold, underneath the younger, lIuvium,

now compacted lakebed deposits of clay, silt and fine sand, and underlying these are ,onglom

erates of volcanic and granitic material. The total thickness of these sediments ranges up to

5, 000 feet and more in the deepest parts of the basi ns. No extensi ve measurements of the

valley fi II have been made. The depth of exi sting wells vari es from several hundred feet to

over 1,500 feet, usually dri lied wi thout reaching the bedrock surface. However, suffi ci ent

information is avai lable from well logs and geophysi cal surveys of some of the ground jater

basins to construct a bedrock map to 1,000 feet depth. Ground water contained in the younger

sediments constitutes the main reserve, although deep wells have penetrated the lakeb d

deposits into the older sediments, tapping permeable zones in both deposits. The deePjl r

aquifers usually are not as productive because of finer-grained texture and a greater dgree of

cementation. The existing geologi cal information permits making certain assumptions.

Economic considerations indicate that the present economic limits of pumping for agriculture

are well above 1, 000 feet depth.
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The available information of the ground water basins to the depth of 1,000 feet has been

plotted on Plate 2. This Bedrock Map has been used for the Phoenix and Mesa Basins to

measure basin length, width and depth to 1,000 feet as the first factor to determine ground

water storage capacity. The second factor isthe specific yield which determines the volume

of water that can be withdrawn by pumpage from a unit volume of soil.
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TABL E 4

SURFACE WATER RESERVOIRS

Cumulative
Total

Location Storage Completion Surface Drainage Drainage
Capacity Date Area Area Area

(acre-feet) (acres) (sq. miles) (sq. miles)

SALT RIVER PROJECT

Salt River

T. Roosevelt Lake 1,382,080 1911 17,315 5,830 5,830

Apache Lake 245,000 1927 2,600 110 5,940

Canyon Lake 58,000 1927 950 160 6, 100

Saguaro Lake 70,000 1930 1,264 120 6,220

Verde River

Horseshoe Lake 142,800 1945 2,719 5,970 5,970

Bartlett Lake 179,500 1939 2,768 190 6, 160

Agua Fria River

Lake PI easant 163,000 1927 3,585 1,460 1,460

Total 2,240,380 31,201 13,840 13,840
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IV. TRENDS IN WATER CONSUMPTION

Insofar as water consumption is concerned, nonagricultural use in Maricopa County has

been unimportant relative to agricultural use. The use pattern is changing with the steadily

increasing urbanization of the Phoenix Metropolitan Area. This chapter presents consumption

fi gures from the Count/s water hi story, thei r trends and si gnifi cance for the future.

1. Water History

The water use by Indians and early white settlers was based entirely on available surface

water supplies, essentially in the Salt and Gila River Valleys. These rivers were flowing, at

least seasonall y, and su ppl ied water for agri cu Iture and domesti c use. Irri gation agri cui ture

expanded soon and the available surface water supplies became inadequate. They were not

assured unti I after the construction of Rooseve It Dam on the Sal t Ri ver in 1911. As the

agri cu Itural area grew, more surface water was needed, and addi tional surface water reservoirs

were built along Salt, Verde and Agua Frio Rivers. Their storage capacities, drainage areas

and construction dates are shown in Table 4.

Before 1920, the total amount of ground water pumped did not exceed 100,000 acre-feet

per year from sha"ow we II s and most of it was used for irri gati on .

At that time in the Salt Riyer Valley, return recharge from surface water irrigation and

seepage losses from canals caused considerable acreages to become waterlogged. Wells were

first drilled for the purpose of lowering the high water table and later for supplemental

irrigation. Organized irrigation districts were created, to distribute surface water and/or

ground water to the agricultural areas as needed. The largest irrigation district is the Salt

River Valley Water Users' Association of the Salt River Project with some 250,000 acres which

more or less initiated the development of Metropolitan Phoenix.

During the early growth period of the County, other areas were also opened to

agriculture, in several of the ground water basins shown in Plate 1.
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Today's economic base is sustained by the County's water resources. The primary

income, as recently as 10 years ago in 1953, was largely agricultural. The population

explosion brought wi th ita shi ft in the economi c base from farmi ng to manufacturi ng .

TABLE 5

NET INCOME MARICOPA COUNTY 1953 AND 1963

I
I
I
I
I

Source - Mari copa Facts and Fi gures, 1964-1965.

There is an emerging awareness of water as the controlling factor in the County's

economi c growth. M. M. Kelso studi ed for the year 1958 the net income created by water

use in Arizona and came to the interesting figures shown on Table 6.

Source of Income

Manu facturi ng

Farming

Tourist

Total Income

1953 1963
Dollars Percent of Dollars Percent of

Total Total

180,000,000 38.7% 640,000,000 57.1%

210 ,000,000 45.2% 295,800,000 26.4%

75,000,000 16.1% 185,000,000 16.5%

465,000,000 100% 1,120,800,000 100%

I
I
I
I
I
I

Irrigated agriculture produced a net income of $32 per acre-feet of water used, while

manufacturi ng produced $2,909. An overall total income of $371 was created by the use of

water. This table opens some intriguing problems. Further economic expansion in Maricopa

County mi ght have to come through transfer of water from one use to another. The question

also rises by implication, whether nonuse of some presently used water in exchange for its use

in a distant future year might not also be an economic exchange. N. Wollman found similar

productivity values for the Rio Grande Valley in New Mexico expressed per acre-foot of water

used: Agri cu Iture, $44 to $51; and, Industry, $3040 to $3989.

-16-
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TABLE 6

TOTAL WATER USES AND NET INCOMES CREATED BY INDUSTRIAL SECTORS
Ari zona, 1958

Water Sector

Agri cu Iture

Livestock
Crops

Total Agri cu Iture

Manufacturing

Water Used
(ac re-feet)

65,000
6,049,306

6, 114,306

Percent
Water Used

1.0
93.4

Net Income
(mi Iii ons of do II ars)

31.0
194.8

225.8

Percent of
Net Income

Generated in
Water

Dependent
Uses

1.3
8.1

Net Income
(dollars

per acre
foot) of

Water Used

477
32

Food processi ng
Primary metal fabri cation
All other manufacturi ng

Total Manufacturing

Mining: Total

Electri cal Generation: thermal

All Other Sources of Net Income

Household -Muni ci pal Water Use

Grand Totals:

3,069
30,690
6, 138

39,897

85,900

9,207

235,000

0.6

1.3

0.1

3.6

56.9
41.3

269.1

367.3 15.3 2,909

189.0 7.9 2,200

46.3 1.9 5,029

1,575.8 7,651

65.5

Water Use
Net Income

6,484,310 100%
2,404.2 100% 371

Source: M.M. Kelso, Department of Agricultural Economics, University of Arizona, In: The Economic Dilemna -
An Excursion in Speculation - Chapter 7 of Fourth Arizona Town Hall on Arizona's water supply, Tables 1, 2,
and 3, Arizona Academy, April 6-8, 1964.

-------------------



2. Agricultural Water Use

The agricultural water supply will remain vital to the economic health of the Phoenix

Metropolitan Area because of the local food consumption-production imbalance whi ch wi II

continue to increase as the County's population grows. Table 7 records the total cropped

acreage of the County for the peri od 1950 to 1963.

TABLE 7

TOTAL CROPPED ACREAGE
Mari copa County, 1950-1965

Year Acres

1950 435,000
1951 511,500
1952 560,000
1953 560,000
1954 530,000
1955 485,000
1956 465,000
1957 479,000
1958 516,700
1959 519,160
1960 523,863
1961 522,650
1962 501,370
1963 509,400

Source - Uni versi ty of Ari zona, Agri cu 1
tural Extensi on Servi ce .

These figures seem to be of a comparable order of magnitude, not revealing changes

which have occurred especially during the period 1953-1963. Plate 3 discloses, for instance

for the Phoenix Metropolitan Area a reduction of about 90,000 acres in irrigated agricultural

acres (see Tabl e 8).
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TABLE 8

IRR IGATED ACREAGE 1953 AND 1963
Phoenix Metropolitan Area

Much of the urban growth has been and obviously in the future will continue to be at

the expense of agricultural acreage for which a water supply is assured.

The irrigated acreage fluctuates from year to year, in accordance with the available

water supply and government acreage allotments. New additional lands are continuously

developed for irrigation wherever ground water supplies can be found. Some of the older

acreage is forced out of production either because the local ground water supply is exhausted,

or has to be abandoned as pumping costs have increased beyond the point of diminishing returns

as the result of the rapidly falling water tables. Plate 3 demonstrates new cultivated land

developments in the Harquahala Basin, McMullen Valley, and west and northeast of Gila

Bend, which all have been leveled and prepared for irrigated agriculture during the period

1953-1963. On the other hand, the cropped acreage decreased along some of the boundaries

of the Queen Creek-Magma area, since receding water-tables intercepted the bedrock

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Area

Phoenix Basin

East of Agua Fri a

West of Agua Fria

Sub Total

Mesa Basin

Paradise Valley

Mesa Chandler Area

Queen Creek-Magma Area

Sub Total

Phoenix Metropolitan Area Total

Acres Cropped
1953 1963

110,080

125,710

235,790

25, 100 14,434

151,411 128,211

47,300 51,620

223,811 194,265

520,674 430,055

I
I
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surface. Along the Gila River near St. Johns, Komatke and north of Gila Bend, land is out

of production because of ground water salinity increasing beyond the concentration ofagricul

tural use. Some shri nki ng acreage al so can be observed in parts of the Waterman Wash and

Harquahala Basins because of rapidly sinking water tables.

Urban needs have the fi rst ri ght to water so it becomes obvi ous that whatever impacts water

shortages in Mari copa County may have on its future economi c growth, they wi II ari se in

agriculture and be channeled through agri culture onto the rest of the economy. Table 9 i IIustr

ates past changes by the quanti ti es of water in various ground water basi ns of the County.

Agri cultural water use from ground water reserves increased one mi Ilion acre-feet per year to

2.4 mi Ilion for 1946 to 1953, and si nee then fluctuated in between 2.4 and 2.7 mi Ilion acre-feet.

The average annual rate of water used for crops grown and whi ch is needed at the poi nts

of diversions and well sites, is between 4.5 and 5.0 acre-feet per acre. The U. S. Bureau of

Reclamation* has selected an average gross water use of 4.84 acre-feet per acre which value is

being adopted as base-value for calculations in thisreport. Although improvements are being

made in irrigation methods, they are coming along slowly, and irrigation efficiency still can

be improved.

3. Nonagricultural Water Use

For the average ci ti zen, water is not a scarce commodi ty, especi a II y not in the Phoeni x

Metropoli tan area, where domesti c water use never has been restri cted. He sti II pays Iess for

his water every day than for his daily quota of kilowatt hours and cubic-feet of natural gas,

and therefore there is no indication to him that water will become more expensive as time

advances. The population of Maricopa County increased during the period 1950-1963 a total

of 500,000 people, as shown in Table 10. Ninety-eight percent of this population has settled

in the Phoenix Metropolitan Area. In 1963, of a 815,000 population, approximately 590,000

persons resided in the Phoenix Basin, and the remaining 225,000 persons resided in the Mesa

Basin.

* Personal communication, U.S. Bureau of Reclamation
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TABLE 9

GROUND WATER PUMPAGE (IN ACRE-FEET) FROM WELLS IN PRINCIPAL GROUND WATER BASINS
1946-1963

Mari copa County

Area 1946 1950 1953 1955 1959 1960 1961 1962 1963 *

Phoenix Metropolitan Area 1,360,000 1,852,000 2,300,000 2,200,000

Queen Creek-Magma
Area 170,000 155,000

East of Agua Fri a River 1,450,000 1,175,000

West of Agua Fri a River ** 550,000 675,000

Tonopah Basi n 50,000 55,000

Harquahala Valley Basin 20,000 30,000 100,000 125,000

McMullen Valley Basin 6,000 20,000 45,000 60,000

Waterman Wash Basin 28,000 40,000 50,000 60,000

Gi Ia Bend Basi n 33,300 59,000 145,000 140,000 250,000 250,000

Palomas Plains Basin 6,700 6,000 5,000 6,000

TOTAL 1,400,000 1, 91 7, 000 2,404, 000 2,436,000 2,665,000 2,555,000

* Incomplete
** Includes Arlington Valley

Source: U. S. Geologi cal Survey and Ari zona State Land Department

165,000 160,000

1,300,000 1,115,000 1,132,000

750,000 700,000 891,700

35,000 35,000

100,000 200,000 200,000

75,000 75,000

65,000 65,000

200,000 170,000

2 ,690,000 2,520,000

-------------------
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TABLE 10

POPULATION GROWTH, MARICOPA COUNTY, 1950-1963

City or Town 1950 1955 1960 1963

Avondale 2/505
(2)

6/151 6/5404/328(2)
Buckeye 1/932 2/109(2) 2/286 2/350
Chandler 3/799(1 ) 6/665(2) 9,531 10,961
EI Mirage 500 1,112(2) 1/723 2,820
Gila Bend 1 000(1) 1/407(2) 1/813 2,200/

Gi Ibert 1/114 1/474(2) 1/833 2/100
Glendale 8/ 179 11/938(2) 15/696 27/250
Goodyear 1/254 1/454(2) 1,654 2/122
Mesa 16/790 25,281 33,772 38,000
Paradise Valley

2 000(1) (2)
2,091 5/260

Peoria 2/297(3) 2/593 3/100/

Phoenix 106/818 140,000(2) 439, 170 503/576
Scottsdale 2/032(1) 6/029(2) 10/026 39/760
Surprise 500 1/037(2) 1/574 1/720
Tempe 7/684 16/291 (2) 24/897 40/151
Tolleson 3/042 3,464(2) 3/886 3/900
Wickenburg 1/736 2/091 2/445 2/600
Youngtown 1/559 1/800

Cities and Towns, Sub-Total 160/885 226,977 562/700 696,210

Urban Fringe and Rural/Sub-Total 170,885 223/023 100,810 134,790

Mari copa County Total 331/770 450 000(3) 663/510 831/000/

(1) Esti mate by Mari copa County PI ann ing and Zoni ng Department.
(2) Interpolation, 1950 to 1960 by Maricopa County Planning and Zoning Department
(3) Arizona Statistical Review, 1963, Valley National Bank, See Page 10.
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Within the Phoenix Metropolitan Area, there has been made no attempt to separate

domestic, commercial, industrial, public, institutional, military and other water uses. For

the purposes of thi s report / all these uses have been included in the per capi ta consumpti on rate.

In making the allocation of industrial water on a per capita basis, the assumption was made 

and useQ as basis for extension - that expansion of industry would take place also on a per

capita basis, following the existing trend. From 1955 until 1963/ Table 11 points to the

interesting fact that total nonagri cultural water use has increased from 156/300 to 282/000

acre-feet, but also that at the same time the per capita water use (in gallons per capita per day,

gpcd) has decreased from 325 to 309 gpcd.

A break down of the fi gures gi ven Iast has been attem pted in Chart 1. The per capi ta use

I
I
I
I
I

*Information obtained by Salt River Project.

The urban irrigation quantities shown on Table 11 and Chart 1 include deliveries by the

Arcadia Water Company and other irrigation districts, which total 61/200 acre-feet in 1963.

These are estimates, since urban irrigation in this sense is only the quantity as reported by

the Salt River Project and other agencies, that is used for surface irrigation. The Salt River

Project delivered the following volumes of water for the irrigation of yards of private homes:*

rates for 1955 and 1963 are:

Type of Water Use 1955 1963

Domesti c Use 170 192 gpcd

Commercial and Industrial Use 50 50 gpcd

Urban Irrigation Use 105 67 gpcd

Total Water Use 325 309 gpcd

I
I
I
I
I
I
I
I
I
I
I

44/031 acre-feet
41 /551 acre -feet
44/025 acre -feet
43/907 acre -feet
43/ 113 acre-feet
45/034 acre-feet
54/493 acre-feet

1955
1958
1959
1960
1961
1962
1963
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TABLE 11

NONAGRICULTURAL WATER USE
Phoenix Metropolitan Area

Year 1955 1963

Ci ty of Phoeni x
Other Muni ci pali ti es
Pri vate Water Com pan ies
Self-Supplied Commercial and Industrial
Urban Irrigation

Total Nonagricultural Use

14 , 72 7,a10 , 000
8,474,000,000
3,449,000,000
8,295,000,000

16,080,000,000

51,025,000,000

156,300

325

39,241,469,000 Gallons per year
11,470,792,000 Gallons per year
5,342,000,000 Gallons per year

15,846,000,000 Gallons per year
19,950,000,000 Gallons per year

91,850,000,000 Gallons per year

282,000 Acre-feet per year

309 Gallons per capita
per day (gpcd)

-------------------
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The totals of municipalities and the private water companies contain unknown additional

volumes delivered for sprinkler irrigation, the irrigation of golf courses and parks, etc. For

this major reason, daily water deliveries by different water companies vary between 68.5 and

1780 gallons per house in the Phoenix Metropolitan Area. A gradual leveling off has been

observed in the gpcd-use of urban irrigation water, because of the increase in multiple

dwelling areas and commercial districts, combined with higher population density which do

not use irrigation water. However, a steady slight increase is expected in the total future

urban irrigation use (acre-feet per year) as the Phoenix Metropolitan Area expands further into

the existing agricultural districts. People often prefer to live in an oasis-like surrounding.

This expected trend, as well as the observed annual domesti c use-i ncrease of 3 gpcd, wi"

continue to give the total nonagricultural use an upward trend in the future (Chart 1).

Domesti c Water Use

An annual increase of 3 gpcd of domestic water use has been observed. The respective

1955 and 1963 use fi gures are 170 and 192 gpcd. The upward trend has been constant for the

past, and is expected to continue into the future. It is a mean of a cycle and, consequently,

year to year variations must be expected as various factors affect the Phoenix Metropolitan

Area to a greater or lesser degree. Multiple bathrooms, washing machines, dishwashers,

garbage disposals and swimming pools have contributed to the rising trend in per capita con

sumption. Cities use water for sanitation and for recreational purposes such as playgrounds,

swimming pools, the beautification of parks, street cleaning and fire protection. Records

show a steady increase as new household conveniences are developed. There is nothing to

indi cate a reversal of these trends in the future.

Commerci al ond Industri al Water Use

Large quantities of water are used by commercial establishments such as laundries, motels

and hotels. Industrial use is very high in steam-electric generating plants and ironworks, that

use water almost entirely for cooling purposes. It is obvious that a city seeking new industries

should scrutinize their water requirements. Such major industries are supplied directly by the

City of Phoenix; others have their own water supply. Practically all industrial uses of water

fall within one or more of the classifications listed in the following groups: a) cooling;

b) processing; c) power generation; d) sanitary services; and f) fire protection. Steam-electric

-21-



generating plants use an average of about 60 gallons of water for each ki lowatt-hour of elec

tri ci ty generated. The past trends show that commerci al and industri al water use increases on

a per capita basis. New heavy industries have not located in the Phoenix Metropolitan Area,

with exception of the sugar refinery being bui It south of Chandler.

Water Use by Livestock

The County is well known for its extensive cattle raising and feeding operations. The

water used by livestock is not di rectly measurable, but computations show that the total

quantity is far larger than may be realized. Reported are water uses of 10 to 12 gallons per

head per day, or about 1 acre-foot for each hundred head of cattle and horses per year. An

addi t ional 4 to 6 gallons per head and day has to be allocated because of necessary waste

due to evaporation, sloshing of tanks, etc. The evaporation losses from stock tanks in the

County are in the order of 6 to 7 acre-feet per acre of water surface, every year.

Water Use in Recreation

Water is an integral part of most recreational activities. For many parts of recreation 

swimming, boating, fishing, water sports - water bodies are prerequisite. N. Wollman has

calculated the value of water for recreational purposes, especially for sport-fishing, to be

$264 per acre-feet. Picnicking, camping, hiking, and driving can be made more attractive

along lake fronts and canal banks. County parks, campsites, and playgrounds need develop

ment of water faci Ii ti es. The quanti ty of water wi thdrawn is small, Ii mi ted to the amounts

required for domestic uses at developed facilities. Water losses must be charged to recreation

only there, where lakes or reservoirs are maintained exclusively for recreational use, which is

rather the exception than the ru lei n Mari copa County.

-22-

I
I
I
I
I
I
I
I
I
Ii

I
I
I
I
I
I
I
I
I



WATER REQUIREMENTS AND WATER SUPPLY 1963
Phoenix Metropoli tan Area

(Quantity in Acre-Feet Per Year)

TABLE 12

Water Requi rements by Use
(At Farm Head Gate and at
Water System)

Agri cultural

Nonagri cu Itural

TOTAL

Water Suppl y by Source
(At Diversion Points and Well Sites)

Ground Water

Surface Water

TOTAL

Actual Water Use by Source

Surface Water and Ground Water
Return Recharge

Depl eti on of Ground water
Reserve

TOTAL

2,081,000 acre feet

282,000 acre feet

2,363,000 acre feet

2, 134,000 acre feet

828,268 acre feet

2,962,268 acre feet

1,649,268 acre feet

1,313,000 acre feet

2,962,268 acre feet

Percent of Total

88.1%

11.9%

100%

72.0%

28.0%

100%

55.6%

44.4%

100%

I
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v. WATER SUPPLY SOURCES

Surface water and ground water are the sources of all water used for irrigation, public

supply systems, industry, and for rural domestic and stockwatering needs.

1. The Phoenix Metropolitan Area

Table 12 refers to the water demands and supplies of the Phoenix Metropolitan Area, for

the year 1963.

The requirements at farm head gates and at water systems totalled 2,363,000 acre-feet;

88.1 percent is used for agricultural purposes. This necessitated that 2,962,268 acre-feet be

available at diversion points and well sites. The difference of 599,268 acre-feet was lost by

seepage and evaporation between the points of diversion and the points of use. In addition a

portion of the water appli ed to the agri cui tural areas was return-recharge to ground water. The

total annual safe yield of surface water and ground water combined amounted to 1,649,260

acre-feet or 55.6 of all the water used; 1,313,000 acre-feet was the quantity of ground water

"mined". In other words, 44.4 percent of the 1963 water supply or 1,313,000 acre-feet was

depl eted from ground water reserves.

Annual Safe Yi eld

The annual safe yi eld of a ground water reservoi r is equal to the average annual

recharge to that reservoir from all sources minus the amount that is depleted from the aquifer.

This method evaluates additions to the ground water reservoir by infi Itration from surface water

sources (seepage from stream channels, canals, laterals and irrigated land) and by rainfall

penetration. This is not an annual constant, for the following reasons: (1) Table 13 and

Chart 2 exemplify annual variations in the volume of diverted surface water and in the per

centage of ground water used, for the period 1953-1963; (2) the Salt River Project's long

range canal and lateral rehabilitation program, in progress since 1950, consists of concrete

lining of canals, lining and tiling of laterals and other treatment methods to reduce seepage

and evaporation losses. This water conservation program, and those of other irrigation districts,
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TABLE 13

TOTAL WATER SUPPLY AT POINTS OF DIVERSION
Phoenix Metropoli tan Area

(Gross Values in Acre-Feet Per Year)

Year Pumped Values of Diverted Volumes of Total Gross
Ground Water Surface-Water Water Supply

1953 2,300,000 856,658 3,156,658

1954 2,300,000 814,136 3,114, 136

1955 2,200,000 749,262 2,949,262

1956 2,300,000 781,432 3,081,432

1957 2,300,000 655,534 2,855,534

1958 2,300,000 742,535 3,042,535

1959 2,200,000 712,088 2,912,088

1960 2,000,000 904,203 2,904,203

1961 2,200,000 722,453 2,922,453

1962 2,000,000 892,791 2,892,791

1963 2,134,000 828,268 2,962,268
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PHOENIX METROPOLITAN AREA
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will slowly reduce seepage losses and herewith affect the annual safe yield; (3) irrigation

practices might be changed by scientific irrigation procedures which would increase the irri

gation effi ci ency and reduce consi derably the annual safe yi eld. The II annual safe yi eld" is

the ground water recharge from all sources per year.

The Salt River Project

During the year 1963/ the Salt River Project produced 1/096/027 acre-feet of irrigation

water. Gravity sources furnished 692/153 acre-feet of this total, while 403/874 acre-feet

were provided by water pumped from wells. The city limits of Phoenix embrace over 140/000

acres/ a large portion of which has been previously irrigated by the Salt River Project. Phoenix

obtains part of its water supply by transferring Salt River Project water from irrigation to

muni ci pal use / as i rri gated Iands are subdi vided. The Ci ty pays assessments on its urban

developments within the Project area, where landowners do not and cannot use the Project

water. Phoeni x / however / is prohi bi ted by contract from usi ng thi s water outsi de Project

boundari es.

In the year 1963/ the City of Phoenix withdrew 105/331 acre-feet of surface water:

39/875 acre-feet Verde River water from its Verde Filter Plants; and 65/456 acre-feet of

assessed irrigation water from the Salt River Project, a large percentage of which was processed

through the City's Squaw Peak Filter Plant. Wells produced the difference of the City's water

supply (see Table 11).

The Cities and Towns of Mesa, Tempe, Glendale, Gilbert and Peoria/ also located

within the Salt River Project, have or contemplate similar contracts on irrigation water use for

urban developments. With continued population growth and urban development, an increasing

percentage of Salt River Project water will be used for municipal requirements.

In 1963 the Salt River Project on its 126/223 Project-irrigated areas produced crops

having a gross value of nearly $54 million, a gross value of $335 per acre and $55.5 per

acre -foot of i rri gated water used.

Surface Water Sources

Stream flow in Mari copa County has been recorded si nee 1889. The period before 1904

was a period of low stream flow / lower than any that has been experi enced si nee that peri od •
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The minimum water-year* on record (1899-1900) yielded 274,000 acre-feet. The period 1905

to 1920 appears in the records as a period of increased precipitation with a record high of

4,328,000 acre-feet runoff for the water-year 1904-05. The long-range aim of the Salt River

Project is management and maintenance of its 13,000 square-mi Ie watershed. Deterioration

and physi cal changes have reduced the effecti ve preci pi tation from 12 percent in the period

1910-1929 to 5.6 percent in 1963. In other words, 5.6 percent of the rain and snow falling

on the watershed will reach runoff storage reservoirs with a storage capacity of 2,076,580 acre

feet (see Table 4). The only spill from the Salt and Verde Rivers system in the last 40 years

occurred during the exceptionally wet water-year 1940-41. **

The U.S. Bureau of Reclamation in its "Supplemental Report of the Central Arizona

Project, January 1963," found the average annual yield of the Salt-Verde River system to be

965,000 acre-feet, and of the Agua Fria River to be 52,000 acre-feet. The Bureau's estimate

of the average annual yield of 100,000 acre-feet for the Gila River has been reduced in this

study to an expected 33,000 acre-feet, because of the pending development of the Gila River

Indian Reservation and its own water requirements. The calculated average annual surface

water yield, available for the Phoenix Metropolitan Area, has been determined at 1,050,000

acre-feet, which is used as a basis for forecast later in this report. The Bureau of Reclamation's

esti mate is 1, 117,000 acre feet per year .

The primary source of water for Metropolitan Phoenix is surface water. However, the

Metropolitan Area is most fortunate that it has additional large ground water reserves available

to bridge periods when surface supplies are below normal. This is the main reason why the

water-dependent economy of the area can and should be maintained at stable levels.

Ground Water Sources

The collection of essential basic data, scientific analysis of this data, and research to

evaluate the best methods of ground water use and development are the fundamental steps in

*The water year extends from October 1 unti I September 30.

**After completion of manuscript for printing, Salt River was flowing again in Spring
of 1965.
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this present water resources research program. The limitations and the lack of essential data

for specific projects have been mentioned before.

Analytical Approach to Quantitative Study. Mathematical control is indispensable for

ultimate solution to the problem of prediction. To predict future withdrawals which may be

possible, it is necessary to know how low water levels are permitted to fall. A cone of

despression in a water table will be deepened by pumping water, and enlarged by diverting

more water into wells. The cumulative effects of withdrawals over the years and changing

aquifer conditions must be permitted to react within reasonable boundaries. Before starting

with such an analysis, it is pertinent to determine the cumulative effects of the withdrawals

that have been made in the past. The east-west cross-section of the ground water basi ns

(P late 4), intersecting the Mesa and Phoenix Basins of the Metropolitan Area, permits an

understandi ng of the si gni fi cance of thi s present research. Shown in this cross-section are the

1902 water-table; the falling water levels as of spring 1963; and the 1980 prediction assuming

continuous past declining rates.

Water-Table Observations. Records show that the water table in many wells fluctuates

in response to the changing amounts of water pumped in the surrounding well field during

different periods of the year. In some basin areas, depletion of storage is seasonal rather than

perennial, and the early spring readings are given a hi gher priority than the fall readings.

This complicates quantitative studies. Water-table measurements are taken in the late winter

months of each year, or in the earl y spri ng, by the U . S. Geo logi cal Survey; the U. S. Bureau

of Reclamation; the Salt River Project; and by numerous other districts and private organizations.

All the water level measurements since before 1950 to spring 1963 and later have been

collected and evaluated for almost every observed well in the Mesa and Phoenix Basins, as

well as in the other ground water basins of the County.

The procedure used for the present analyti cal approach is based on the average depletion

trend for each single well, plotted since 1950 (Chart 3). This step automatically eliminates

all water-table readings which fallout of line and establishes the necessary basis for further

calculations. It is conservatively founded on the past trend, until the most recent observations,

and it also allows for an estimate of future trends. Chart 3 indicated the method used for a

few exam pi es sel ected in vari ous basi n areas. The same procedure has been found the best
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possible approach to establish future trends, by the U.S. Geological Survey in Water Resources

Report No. 16: "Effects of Ground Water Withdrawals in Part of Central Arizona Projected to

1969". Readers may find that this present analysis of the water problem does not numerically

agree in all phases wi th the U . S. Geologi cal Survey anal ysi s. This is a natural consequence

of the compl exi ty of the si tuati on. There can never be enough observation materi al to map

ground water tabl e f1unctuations and, for thi s present study, besides the information from the

U.S. Geological Survey, additional material from the U.S. Bureau of Reclamation and other

sources has been used in order to limit errors which cannot be avoided when using numerically

restri cted informati on .

The annual rates of water-table declines presented in Chart 3 range from 1.5 to 17.0 feet.

Observed decline rates reach maximum values of 22 feet per year.

The hi stori cal ground water development was commenced by the earli est pumpers, whose

enjoyment of the ground water source has been interfered with in the course of time by those

who tapped the supply at a later period. This is demonstrated by Plates 5 and 6, maps which

show the"Depth to Ground Water in Spring 1963" and the" Annual Rate of Ground Water Level

Decline, 1963" in the County, respectively.

Along the mountain fronts depth to water augments caused by steeper ground-surface slopes

toward foothills and mountains (Plate 5). In the Phoenix basin, water stands at relatively

shallow depth in the Salt and Gila River Valleys, caused by irrigation return flows, low

elevations, seepage losses from canals, and the fact that ground water pumpage underneath the

central part of the City of Phoenix has declined with the rapid city development. The greatest

depth to water is observed in Deer Valley (470 feet) and, northwest of the Luke Air Force Base

(440 feet), together with annual decline rates of 15 and 17 feet, respectively. These and

other extremes are displayed in Table 14.

In the Mesa Basin, the shallowest water table is situated west of Tempe, at about 60 feet

depth. The greatest depths to water have been observed in Paradise Valley (870 feet) with a

1.0 decline per year; east of Mesa (501 feet) with a 15.4 foot decline per year; and near

Chandler Heights (445 feet) with a 18.6 foot annual decline.

The water-table decline map points to the existence of two major cones of depression in

the Phoenix Basin: (1) Along the northern basin boundary, north of Glendale and in Deer

Valley, and (2) west of the Agua Fria River, along the east front of the White Tank Mountains.
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TABLE 14

SPRING 1963 WATER TABLES
RATES OF ANNUAL DECLINE AND FORECASTS 1970 AND 1980

ASSUMI NG CONTINUOUS PAST DECLINE RATES
Phoenix Metropolitan Area

" MESA BASIN

I PHOENIX BASIN

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

60-220
220-680

60-220

200-580
300-880

350-637
350-633

220-740

84-745
200-761

Depth to
Water

Forecast 1980
Feet

50-180

70-615
75-575

50-180
180-530

180-570

200-420
240-860

279-527
287-457

Depth to
Water

Forecast 1970
Feet

0- 4.0
4.0-15.0

0- 4.0

4.0-17.0

1.4-15.4
0-18.6

6.0-13.5
6.0-13.0

10.5-17.5
1.0- 9.2

Rate of Annual
Water Table

Decline
Feet

40-150

60-513
50-445

40-150
150-440

150-470

60-315
186-850

230-501
245-412

Depth to
Water

Spring 1963
Feet

Gila River Valley
litchfield-Beardsley Area

Area

Salt River Valley
Phoenix-Glendale
Deer Valley Area

South of Indi an Bend
North of Indi an Bend

North of Baseline
South of Baseline

Mari copa County Area
Pinal County Area

West of Agua Fri a River

Paradise Valley

East of Agua Fri a Ri ver

Queen Creek-Magma Area

Mesa-Chandler Area
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Three decline areas exist in the Mesa Basin: the most important one lies east of Mesa

and two minor ones are located near Chandler Heights and near Scottsdale.

The two ground water basins of the Phoenix Metropolitan Area are in almost every stage of

development, from areas that are scarcely being depleted to those that are seriously over

developed. Wells are being deepened in all those districts which have heavy water-table

declines, and steadily increasing pumping costs prevail.

Quantitative Estimates

The volumes of water that may be extracted from a ground water basin are determined by a

quantitative ground water inventory. Normally capacity tables and curves are developed for

surface water reservoirs. A gage will show the change in water level and with it the net

increase or decrease in storage. When this storage method is applied to ground water reservoirs,

several steps have to be taken:

(1) Determination of the basin boundaries;

(2) Contour maps have to be constructed showing the ground water reserves at successive

dates;

(3) Calculation has to be made of the weighted average depth to water by using

mathemati ca I too Is;

(4) Evaluation has to be made of the soi I volume already depleted;

(5) Sel ection of a wei ghted average speci fj c yi eld factor has to be made for the

depleted part of the aqui fer;

(6) Calculation has to be made of the volume of ground water dewatered;

(7) The volume of ground water dewatered has to be subtracted from the volume of

ground water pumped, leaving the return recharge to the aquifer from all sources.

Chart 4 discloses the extent of the Phoenix and Mesa Basins underneath ground surface as

well as the joint basin areas of the Phoenix Metropolitan Area. Selected for detailed evalua

tions is a period with relatively similar annual water table characteristics, spring 1956 to

spri ng 1963. A water table map of spri ng 1956, not shown here, illustrates more in detai I the

information given in the last part of Table 15, as to basin extent and average depth to water.

Similar evaluations for spring 1963 are based on data used for the construction of Plate 5,

the Depth to Ground Water Map of Spri ng 1963.
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TABLE 15

BASIN EXTENT, AVERAGE DEPTH TO WATER, AVERAGE ANNUAL DECLINE RATES
1956, 1963 AND FORECASTS 1970 AND 1980

Phoenix Metropolitan Area

Annual
1956 1963 1970 1980 rate of

Depth Depth Depth Depth water
Basin Extent to water Basi n Extent to water Basin Extent to water Basi n Extent to water table

sq.mi. acres In feet sq .mi . acres in feet sq.mi. acres in feet sq.mi. acres in feet decline

PHOEN IX AREA I

Area East of Agua Fri a 441 282,000 131 435 278,000 170 420 269,000 209 396 253,000 265 5.6

Area West of Agua Fri a 355 227,000 161 342 219,000 206 341 218,000 251 339 217,000 315 6.4

Sub Total 796 509,000 144 777 497,000 186 186 487,000 282 735 470,000 288 6.0

MESA AREA II

Paradise Valley 230 147,200 318 220 141,000 360 210 134,500 402 205 131,300 462 6.0

Mesa-Chand ler Area 313 200,200 173 307 196,500 225 304 194,500 277 297 190,000 351 7.4

Queen-Creek
Magma Area 292 187,000 305 305 178,000 360 272 174,000 415 258 165,000 494 7.9

Sub Total 835 534,400 269 805 515,500 309 786 503,000 358 760 486,300 429 7.0

TOTAL
(Phoen ix Metropo Iitan
Area (I & II) 1,631 1,043,400 203 1,582 1,012,500 248 1,547 990,000 293 1,495 956,300 358 6.48

-------------------



TABLE 16

GROUND WATER PUMPAGE, RETURN-RECHARGE AND LOSS 1956 TO 1963

Phoenix Metropolitan Area
(Quantities in Acre-Feet)

Ground Water Pumped

Ground Water Recharge
from all Sources

Loss from Ground Water Storage
(at 20% specific yield)

Spring 1956-Spring 1963

15,300,000

9,380,000

5,920,000

Average Per Year

2,185,000

1,340,000

845,000
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Accardi ng to the data in these tabl es, a soi I vo Iume of 46,900,000 acre-feet in the

Phoenix and Mesa Basins has been dewatered in the 7-year period from the spring of 1956 to

the spring of 1963. * The overall average water-table decline rate of 6.48 feet per year

corresponds with M.M. Kelso's** overall figure for Arizona. Mr. Kelso states: "The ground

water suppl ies wi II conti nue to dec! ine at 6.5 feet per year as they have on the average si nce

1953, so long as withdrawals continue at the present rate volume."

Specific Yield. The specific yield is the volume of water as a percentage of the total

soi I volume that can be stored in it or withdrawn from it by pumpage. It changes from place

to place because of changes in porosity and permeability. It also changes with increasing

depth due to the higher compaction of the sediments and intervening layers of clay. The

average specific yield value of the Phoenix and Mesa Basins is unknown (its determination

would require many detailed studies of soil samples and numerous pumping tests of wells, which

studies are not available). A weighted average specific yield value has to be projected. The

U.S. Geological Survey analyzed the alluvial fill of the Humboldt River Valley in Nevada

for specific yield. Specific yield values of the fine-grained deposits proved to be considerably

higher than previously reported by earlier studies. The mean specific yield of all samples was

21.3percent. (U.S. Geological Survey, Water Supply Paper 1669-M, 1963). In another

publication and atso shown in Table 22, the weighted average of the Waterman Wash Basin's

specific yield has been given as 12.6 percent between 500 and 800 foot depth (U .S.

Geological Survey,Water Supply Paper 1669-F, 1963).

. The present study di sc loses that the average speci fi c yi e Id of the dewatered part of the two

basi ns of the Phoeni x Metropol itan Area is between 20 percent and 21 percent, considerably

higher than assumed in earlier papers published by the U.S. Geological Survey for this area.

An average specific yield of 20 percent was selected for an overall average depth to water

of 248 feet. It further was assumed that the overall specific yield at 1,000 feet depth should

be 10 percent and that the change in specific yi eld between 248 foot and 1,000 foot depth

should be gradual following a straight line approach. The specific yield of 12.8 percent for

800 foot depth compares well with the 12.6 percent determined for the Waterman Wash Basin

* See Table 16

**See M.M. Kelso, Arizona Academy, 1964
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by the U.S. Geological Survey. If the specific yield values should actually average a larger

decrease, then the following calculations would tend to yield an overestimate of the volume of

ground water in storage. If specific yield values actually average a smaller decrease, then the

following ground water volumes would be an underestimate of the volume of ground water that

can actually be removed for a given weighted average water-table drop. The specific yield

assumptions are shown in Chart 5.

Fundamental in the formulation of the basic ground water hydrologic equation is the concept

that an entire ground water basin has to be considered as a unit in the analyti cal approach. It

may be wri tten in two parts:

(1) Depleted Basin Ground Water Volume = Basin Volume divided by weighted average
specific yield

(2) Depleted Basin Ground Water Volume = Ground Water Loss by Discharge plus
Ground Water Return Flow from all Sources

Annual Safe Yield. The expression "annual safe yield" will not be used further in this

study, si nce it is not a constant factor. The annual ground water repl eni shment return flow

from all sources, in this sense, is the same figure as the annual safe yield.

Table 17 and Chart 6 exhibit"Ground Water Storage Curves to 1,000 Feet Depth," based on

a hypothesi zed set of condi tions previously di scussed herei n. Accordi ng to these exhi bi ts the

total remaining ground water storage to 1,000 feet depth in the spring of 1963 was as follows:

I
I
I
I
I
I
I
I
I
I
I
I

Phoen ix Basi n

Mesa Basin

Total Phoenix and Mesa Basins

53,971,000 acre-feet

46,337,000 acre -feet

100,308,000 acre -feet

I
I

Up to 1,000 feet depth, the Phoeni x Basi n contai ned more water than the Mesa Basi n,

since the average water table of the Mesa Basin stood at 309 feet in the spring of 1963, com

pared with the average Phoenix Basin water table at 186 feet. Although the exact volume of

the ground water reserve is on Iy esti mated, changes can be projected by maki ng certai n

assumptions in the correct order of magnitude. Even allowing for a considerable error, there

can be no escaping the fact that the ground water reserves of the Phoenix Metropolitan Area
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CHART 5
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TABLE 17

GROUND WATER STORAGE TO 1,000 FOOT DEPTH, SPRING 1963
Phoenix Metropolitan Area

I PHOENIX BASIN II MESA BASIN I & " PHOENIX METROPOLITAN AREA
Average Depth from Ground Water Average Depth from Ground Water Average Depth from Ground Water

Ground Surface Storage in Ground Surface Storage in Ground Surface Storage in
in Feet Acre-Feet in Feet Acre-Feet in Feet Acre-Feet

186 - 200 2,460,000

200 - 300 9,000,000 248 - 300 11 ,500,000

300 - 400 8,300,000 309 - 400 9,200,000 300 - 400 18,800,000

400 - 500 7,500,000 400 - 500 8,300,000 400 - 500 15,200,000

500 - 600 6,700,000 500 - 600 7,300,000 500 - 600 14,300,000

600 - 700 6,000,000 600 - 700 6,500,000 600 - 700 12,500,000

700 - 800 5,500,000 700 - 800 6,000,000 700 - 800 11,000,000

800 - 900 4,700,000 800 - 900 5,000,000 800 - 900 9,500,000

900 - 1000 3,800,000 900 - 1000 4,037,000 900 - 1000 7,508,000

Total 186 - 1000 53,971,000 309 - 1000 46 ,337,000 248 - 1000 100,308,000

-------------------
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are depleting rapidly, even when taking into consideration that there are additional water

bearing strata in the deeper valley fill that are below 1,000 feet depth. The average specific

yield below 1,000 feet depth is probably considerably less than 6 percent.

Some prediction as to water available is a dire necessity. So far, the problem of quanti

tative estimates has not been approached in the Phoenix Metropolitan Area. It is hoped that

this report will lead to a continuing inventory of the quantity and quality of the water stored

in the Area's two ground water basins.

Qualitative Estimates

The ground waters of the Phoenix Metropolitan Area are characterized by a wide range in

type and concentration of chemical constituents. Water quality may appreciably affect water

quantity. Larger bodies of highly mineralized water are surrounded by ground water of lower

concentration .

The source of the brackish water is due partly to the storage of salt water and to salt layers

in the lakebed deposits located in the deeper parts of the ground water basins. The deep salt

water sources have only occasionally influenced water quality in the younger formations. The

steady increase in concentration of total dissolved solidsto the southwest of Chandler, and in

the Gi la and Salt River Valleys, from the Salt River confluence area downstream to the County

boundary in the west/ has to be attributed mainly to the recirculation of ground water/ since it

is used for irrigation. A water outflow leaving the Mesa and Phoenix Basins, for practical

purposes does not exi st / to remove the sal ts of the tai Iend irri gati on waters / and to mai ntai n a

salt balance in the ground water basins.

With all the collected qualitative information, it is now possible to determine location

and horizontal extent of the saltwater bodies in the younger alluvial fi II. Because of past

trends, observed since 1942/ it also is possible to predict, to a certain degree, the extent of

volume-increase to be expected in future years. The Gi 10 River saltwater body actually

extends as a continuous flow around the south side of the South Mountains to the northeast into

the Chandler area of the Mesa Basin. Twenty years ago/ the Chandler and Buckeye saltwater

bodies were smaller in size and more or less separated from one another. A simple calculation

underlines the significance of these observations and the existing trends.
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Quali ty Cri teri a

Total Dissolved Solids. Dissolved matter is commonly the outstanding constituent in

ground water, originating in the soluble material which is dissolved by water moving through

Plates 7, 8 and 9 illustrate the following criteria: Total dissolved solids, total hardness,

and fluorides. These components are discussed as follows:

Suggested Upper Limits of Chemicals in Drinking Water

Concentrati on in Parts
Constituent Per Million (ppm)

SOO

170

1.4

Total Dissolved Solids

Total Hardness

Fluorides

According to the preceding quantitative estimates, it can be concluded that a total of

about 2.2 mi Ilion acre-feet of surface water and ground water is used per year, whi Ie approxi

mate�y 800,000 acre-feet are returned to ground water storage, from the grand total of about

3 million acre-feet needed at diversion points.

The overall total salt content of the water supply may be conservatively estimated at

600 parts,Per million (ppm). Therefore 2,200,000 acre-feet x 600 x 0.00137*= 1,800,000

tons of salt per year. In other words, 2.2 million acre-feet of water are used up, leaving in

the two basi ns 1,800,000 tons of sal t per year in the underground to be added slowl y to the

ground water reserve. In the 1953-1963 period, an estimated 18 million tons of salt added have

increased substanti ally the concentration of the remaining ground water solution. The preceding

discussion may be helpful to explain the salinity problem of the Phoenix Metropolitan Area.

The Federal Register of March 6, 1962, carried the latest revision of the generally

accepted sanitary criteria for water for domestic purposes in the "public Health Drinking Water

Standards." This revised criteria is used by the Maricopa County Health Department in their

review process for approval of proposed water supplies. The following limits are being

suggested :

I
I
I
I
I
I
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*See Footnote Page 7.
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the alluvi 01 fi II and along bedrock formation boundari es. Plate 7 shows that the quantity of

total dissolved solids may vary widely. As has been mentioned previously, chemical quality

may be modified by use. This also holds true for irrigation return flows and for the sewage from

municipalities. The used water generally has a higher proportion of dissolved solids than it had

prior to the use, because of consumption, evaporation, and addition of chemicals.

The total dissolved solids content of water does not present an actual health hazard. The

limit of 500 ppm is abritrary, but calls into notice a point where a f.ew persons object to the

taste of the water. Most of the drinkin.g water used in Maricopa County has a total solids

content between 500 and 1,000 ppm. The Phoenix Metropolitan Area is most fortunate in

retaining considerable ground water reserves with a total salt, content below 500 ppm: in the

northern part of the Phoenix Basin; in Paradise Valley; and in the Queen Creek-Magma area.

Table 18 displays the extremes and average values of the total dissolved solids; hardness,

fI uori des, and ground water tem perature.

The total solids range from 168 ppm in the Litchfield-Beardsley area to 8,136 ppm south

of Chandler. The content of total dissolved solids can be reduced effectively by demineral

ization, as demonstrated by the demineralization plant in Buckeye, where the salt content of

brackish water is being diminished from above 2,000 ppm to below 500 ppm.

The significance of hardness lies in the field of aesthetics and economics rather than

public health. The U.S. Public Health Service recommends less than 170 ppm for waters of

good quality. The following classification of water hardness is arbitrary although commonly

used:

Total Hardness. Hardness of water is caused mainly by calcium and magnesium dissolved

in ground water, and is a measure of the amount of soap requi red to form a Iather. Hardness is

calculated as follows: Calcium (ppm) x 2.5 + Magnesium (ppm) x 4.1 = total hardness (ppm),

expressed as CaC0
3

equivalent. Plate 8 shows the total hardness of ground water in Maricopa

County.

I
I
I
I
I
I
I
I
I

o 60 ppm

61 - 120ppm

121 - 180 ppm

More than 180 ppm
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TABLE 18

QUALITY OF GROUND WATER 1963
Phoenix Metropolitan Area

Area Total Dissolved Solids Total Hardness Fluorides Temperature
Range Average Range Average Range Average Range Average
ppm ppm ppm ppm ppm ppm ppm ppm

A. PHOEN IX BASIN

West of Agua Fri a River

Gila River Valley 179-6560 2100 40-2360 600 0.2- 5.0 1.3 71-114 80
Litchfi eld-Beardsley Area 168-2014 280 26- 578 77 0.3- 5.0 1.4 72 - 91 82

East of Agua Fri a River

Salt River Valley 544-6840 1900 52-2687 520 0.2 -28. 8 0.8 70- 84 77
Phoenix-Glendale-
Deer Valley Area 192-2983 490 82- 791 250 0.2-9.0 0.6 69-996 81

B. MESA BASIN

Paradise Valley

South of Indi an Bend 253-1747 625 66- 780 225 0.3- 5.6 0.7 66- 94 83
North of Indi an Bend 195- 454 305 48- 232 160 0.3- 1.4 0.7 83- 97 86
Black Mountain Foothi lis 280- 480 380 105- 378 230 1.0- 3.2 2.2 74- 75 75
McDowell Mountains Foothi lis 247-1063 580 118- 512 155 1.0- 6.0 3.5

Mesa-Chandler Area

North of Baseline 318-4083 770 46-1593 270 0.1- 0.8 0.8 68-112 75
South of Base Ii ne 463-8136 2100 85-3820 790 0.2- 2.4 0.6 74- 95 78

Mari co po County Area

North of Apache Blvd. 835-1433 1130 130- 470 350 0.3- 2.8 1.8 84-106 95
South of Apache Blvd. 250-1072 440 21- 298 150 0.2- 0.9 0.7 76- 95 88

Pinal County Area 230- 690 550 161- 268 210 0.1- 1.0 0.6 74- 90 79

-------------------
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Table 18 gives the range of hardness for the Phoenix Metropolitan Area from 21 to 3,820

ppm. Soft waters are in the Litchfield-Beardsley area. Moderately hard and hard ground

waters are found in Paradise Valley and the Queen Creek-Magma area. Very hard waters are

in underground storage in all other parts of the Phoenix Metropolitan Area.

In the laundry industry it is generally accepted that water with more than 100 ppm of hard

ness should be softened, to produce better results in laundry operations. There is no set limit

above which a home softening unit should be installed economically, although it is somewhere

between 100 and 200 ppm total hardness. The deminerali zati on of the Buckeye water reduces

the total hardness from 354 ppin to 51 ppm, offset by an increase in sodium.

Fluorides. The solvent action of water on the minerals with which it comes in contact

makes water a chemi cal solution ofvarying composition. This holds true especially for fluorides,

as set forth by Plate 9. Ground water coming in contact with granitic rocks often is character

ized by a higher fluoride content, as displayed in Table 18. The fluorides in the Phoenix

Metropoli tan Area range from O. 1 to 28.8 ppm. The average values above the recommended

upper limits are found near and in the foothills to the north and east of Parodise Valley, east

of Mesa, and north of the Queen Creek area, they also are higher than 1.4 ppm in parts of the

Li tchfi eld -Beardsl ey-Buckeye area.

The recommended control limits of fluorides are related to average daily air temperatures

(see Table 19.) Fluorides in concentrations greater than two times optimum constitute grounds

for the rejection of the supply, for the following reasons: Young children during the period of

formation of their permanent teeth, are greatly affected by the fluoride content of the water.

Too little fluoride leads to a higher incidence of dental cavities. Too high a fluoride content

leads to fluorosis, a condition in which the teeth become discolored, mottled or brittle. The

greater the deviation from the optimum level, in either direction, the more pronounced is the

effect. Mi Id-mottling wi II occur from 1.5-2.5 ppm of fluoride'content; above 2.5, brown

stains on the teeth are in evidence; and above 4.0 ppm deep pits will appear where the enamel

surfaces have been vi rtually destroyed.

Some of the water supplies need fluoridation treatment, i.e., fluorides have to be added.

Others need defluoridation.
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TABLE 19

SUGGESTED UPPER LIMITS OF FLUORIDE IN DRINKING WATER

Annual Average of Recommended Control Limits
Maximum Dai~ Air Fluoride Concentrations in ppm

Temperature F Lower Optimum Upper

50.0 - 53.7 0.9 1.2 1.7

53.8 - 58.3 0.8 1.1 1.5

58.4 - 63.8 0.8 1.0 1.3

63.9 - 70.6 0.7 0.9 1.2

70.7 - 79.2 0.7 0.8 1.0

79.3 - 90.5 0.6 0.7 0.8
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Not covered in thi s report are ni trates and ni tri tes whi ch are rated among the poi sonous

ingredients dissolved in water. Excess contents of these constituents sometimes cause irritation

of the mucous linings of the gastro intestinal tract and bladder. High sodium content in

drinking water may be harmful to persons suffering from cardiac, renal, and circulatory diseases.

Ground Water Temperature

Ground water temperature reflects to a certain degree the micro-climate of an area, which

has an effect on the severity of frosts. For this reason Plate 10 may be of interest to farmers

and home owners; also industrial water users who are considering locating in the Phoenix

Metropolitan Area may pay attention to this map. Table 18 shows the temperature range of

the Phoenix and Mesa Basin from 66
0

to 114°F. The largest warm water zones exist east of

Mesa, with temperatures from 90
0

to 112°F, supplying hot baths in the Buckhorn health resorts.

The temperatures of the ground waters shown in Plate 10 have been measured in the water

pumped from various wells in the area, which are normally above 500 feet in depth. Because

of the geothermal gradi ent, ground water temperature increases 1
0

F for each 64 feet of depth.

Plate 10 does not represent a ground temperature in one certain depth; it offers a good approxi

mation of temperature distribution in ground waters pumped from underground storage.

2. The Outlying Ground Water Basins

Thi s secti on di scusses the ground water condi ti ons as of spri ng 1963 in the ground water

basins located to the west of the Phoenix Metropolitan Area in the following sequence:

Waterman Wash Basin; Gila Bend Basin; Dendora Valley; Palomas Plains; McMullen Valley;

Harquahala Basin; Tonopah Valley; Arlington Valley; Lower Hassayampa Valley.

Information available from these basins is not very adequate, and various assumptions had

to be made in order to construct thei r porti on of Plates 5 to 10. For these basi n areas, the

data presented have to be considered as estimates.

Following the procedure used for the Phoenix Metropolitan Area, Tables 20 and 21 set

forth the extremes of the observed water-table data, annual decline rates, and the range and

averages of observed water-quality information.
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Table 20 displays four major water-table decline areas: Waterman Wash Basin; the north

ern part of the Gi la Bend Basin; the areaeost of McMullen Valley and the Harquahala Basin.

The highest decline rates per annum have been recorded for the Horquahala Basin, which seems

to have reached its peak of irri gation agri cu Iture .

Table 21 shows dissolved solids contents below 1,000 ppm in the northern Palomas Plains;

McMullen Valley; Harquahala Basin; Tonopah Valley; and Lower Hassayampa Valley. The

average fluoride content is considerably above the maximum limit of 1.4 ppm in all of these

ground water basins, with the exception of the Lower Hassayampa Valley (0.5 ppm).

Because of the irregular distribution and the relatively small number of wells in the basin

areas, little information is available as to the hydrological character of the alluvial fill. No

estimate is avai lable as to the amount of water stored in the ground water reservoir, with the

exception of the Waterman Wash Basin.

Waterman Wash Basin

During the year 1963, a total of 65,000 acre-feet of ground water was pumped, in order to

irrigate 11,300 acres (1963 Agricultural Map of the University of Arizona), as shown in Plate 2.

The depth to water in this agricultural area ranged from 215 to 356 feet, and the rates of

annual water-table decline from 2 to 10 per year. The water quality is as follows:

I
I
I
I
I
I
I
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I
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Total soluble salts and fluorides mostly are above acceptable limits.

Quali ty Cri teri a

Total Soluble Salts

Total Hardness

Fluorides

Ground Water Temperatures

Quali ty Range

598 - 2,100 ppm

40 - 416 ppm

0.3 - 7.3 ppm

81 - 96
0

F

Quality Average

1,100 ppm

130 ppm

4.5 ppm

89
0

F

I
I
I

The U. S. Geologi cal Survey (Water Study Paper 1669-F) has studi ed the Waterman Wash

Basin and found that 15 percent of the pumpage used for irrigation is being recharged as return

flow to ground water and that the total loss of ground water duri ng the ll-year peri od 1952

through 1962 was 366,000 acre-feet whi Ie 480,000 acre-feet had been pumped. These figures

take into account any possible annual recharge of the ground water basin from all sources. In the

center of the irrigated area, the water table declined more than 120 feet in the period 1952-1962.

-36-
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TABLE 20

GROUND WATER BASINS OUTSIDE THE PHOENIX METROPOLITAN AREA
Water Tables, Spring 1963, Rates of Annual Decline and Forecasts 1970 and 1980

(Assumi ng Conti nuous Past Decl i ne Rates)

Depth to Rate of Annual Depth to Depth to
Water Water Table Water Water

Spring 1963 Decline Forecast 1970 Forecast 1980
Area Feet Feet Feet Feet

Waterman Wash Basi n 215-356 2.0-10.0 277-385 365-454

G" B dB' (North 110-329 2.0- 9.7 140-364 204-414
I a en aSI n (South 24-252 0- 4.2 24-261 24-274

Dendora Vall ey 30- 60 0.7- 1.8 35- 65 40- 78

. (North 76-244 0- 1.0 77-253 78-263
Palomas Plains (5 h 30- 76 0- 1.0 30- 77 30- 78. out

McMullen Valley 406-484 2.6- 9.0 424-547 450-637

Harquahala Basin 31-390 0.9-22.0 200-525 350-730

Tonopah Valley 64-245 0.3- 7.7 70-273 75-313

Arlington Valley 63-200 0.6- 3.0 88-215 120-235

lower Hassayampa Valley 30-480 0- 1.3 30-490 30-500



TABLE 21

GROUND WATER BASINS OUTSIDE THE PHOENIX METROPOLITAN AREA
Quali ty of Ground Water 1963

Values Shown in Parts Per Million
Total Dissolved Solids Total Hardness Fluorides Tem peratu res

Area Range Average Range Average Range Average Range Average
ppm ppm ppm ppm ppm ppm of of

Waterman Wash Basin 528- 2,100 1100 40- 416 130 0.3- 7.3 4.5 81- 96 89

Gi Ia Bend Basi n 335-14,500 1900 96-4,860 490 0.2- 8.0 2.9 66-119 82

Dendora Valley 2,111- 7,235 3200 191-2,537 1,450 1.0- 6.8 3.9 79-95 85

Palomas Plains 526- 700 660 37- 60 56 1.1- 6.4 4.5 78-106 95

McMullen Valley 189- 420 300 48- 206 85 0.6-15.0 2.8 80- 95 86

Harquahala Basin 417- 864 600 45- 160 100 0.6-32.0 3.2 76-102 90

Tonopah Valley 253- 971 480 36- 138 65 2.4-10.0 6.0 79-129 96

Arlington Valley 343- 4,901 1200 60-1,635 130 0.4-10.0 2.3 73- 95 87

Lower Hassayam pa Va II ey 198- 347 260 51- 160 140 0.2- 1.1 0.5 76- 82 78

-------------------
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Tabl e 22 revea Is a total ground water storage of 9,500,000 acre-feet to 1,000 feet depth

in the Waterman Wash Basin.

The cone of depression formed by ground water pumpage obviously does not recover, since

the formations have a relatively high silt content.

Gi Ia Bend Basi n

The present ground water withdrawals in the basin are considerably greater than recharge,

and the deficiency is balanced by drawing from ground water storage. In 1953, the loss from

ground water storage averaged 115,000 acre-feet per year, during which time 173,000 acre

feet were pumped to irrigate 32,000 acres. During the years 1959-1960, pumpage reached

maximum values of 250,000 acre-feet per year, causing an annual ground water loss in the

order of 190,000 acre-feet. The heavy water-table decline and the increasing ground water

salinity caused a reduction of pumpage to 170,000 acre-feet in 1962. Of the 53,500 cultivated

acres only about 42,000 were irrigated during the year 1963. One hundred twenty-five wells

were in operation. A minor quantity of surface water is used for irrigation, averaging 10,000

to 12,000 acre-feet per year and originating in the Gila River. Depth to water in the spring

of 1963 was as great as 329 feet in the northern part of the basin (Rainbow Valley). Practic

ally all of the waters in the basin exceed the suggested limits for total solids, hardness and

fluorides:

Quali ty Cri teri a Quality Range Quality Average

Total Soluble Salts 333 - 14,500 ppm 1,900 ppm

Total Hardness 191 - 4,860 ppm 490 ppm

Fluorides 0.2 - 8.0 ppm 2.9 ppm

Ground Water Temperatures 66 - 1190
F 85

0
F

Dendora Valley

In 1963, 1,870 acres in Dendora Valley were cultivated. This is a relatively small basin,

and past ground water pumpage has been in the order of 6,000-7,000 acre-feet per year.

Water-table decline rates are below 2 feet per year, and the greatest depth to water was

60 feet in the spring of 1963. The water exceeds the suggested limits of chemicals in

drinking water as set forth on page 32.
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TABLE 22

COMPUTATION OF AVERAGE SPECIFIC YIELD AND VOLUME OF RECOVERABLE WATER
WATERMAN WASH BASIN

Depth Estimated Footage Percent Wei ghted Average Area Total Volume
Zone Specifi c of of Total Average Thi ck- (acres) Volume of
(feet) Yield Logs Footage Specific ness of Recoverabl e

(Percent) Examined Yield of Zone Sediments Water
(Percent) (feet) (acre -feet) (acre-feet)

300* to 500 15 2,390 69.3 10.4

300* to 500 5 1,060 30.7 1.5
-

SUM 3,450 100.0 11.9 200 120,000 24,000,000 2,800,000

500 to 800 15 4,963 76.3 11.4

500 to 800 5 1,547 23.7 1.2

SUM 6,510 100.0 12.6 300 120,000 36,000,000 4,500,000

800 to 1000 15 1,243 42.0 6.3

800 to 1000 5 1,713 58.0 2.9

SUM 2,956 100.0 9.2 200 120,000 24,000,000 2,200,000

300 to 1000 11.3 700 120,000 84,000,000 9,500,000

Source: U.S. Geological Survey Water Supply Paper 1669-F, Table 7,1963

* Water level is at 300 foot depth.

-------------------
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Quality Criteria

Total Soluble Salts

Total Hardness

Fluori des

Ground Water Tem peratu res

Palomas Plains Basin

Quali ty Range

2, 111 - 7,235 ppm

191 - 2,537 ppm

1. a - 6.8 ppm

79 - 95 of

Quali ty Average

3,200 ppm

1,450 ppm

3.9 ppm

85
0

F

I
I
I
I
I
I
I

This basin is located in western Maricopa and eastern Yuma Counties. The U.S. Geolog

ical Survey estimated the quantity of ground water in storage in the first hundred feet below the

water table to be about 5 million acre-feet (Arizona Water Resources Report No.4). During

1962, about 4, 000 acres were j rri gated wi th 15, 000 acre-feet of ground water. Greatest depth

to water was 244 feet and the hi ghest water-tabl e decl ine was 1 foot per year, in the spri ng of

1963. The valley has a total extent of 1,225 square miles.

In the southern part of the area, in the Gila River Valley, ground water is highly mineral

ized. Massive tuff deposits underlie the alluvial fi II. Wells have been drilled successfully

penetrati ng these deposi ts and they have found a deep-seated fresh -water aqu ifer in vo Icani c

rocks at about 1,000 feet depth whi ch extends in this depth to the north underneath the

Palomas Plai ns.

North of the Gila River zone with highly mineralized waters, the water characteristics

are:

Fluorides generally are exceeding the recommended limits.

I
I
I

Quali ty Cri teri a

Total Soluble Salts

Total Hardness

Fluorides

Ground Water Temperatures

Quality Range

543 - 700 ppm

37 - 60 ppm

1. 1 - 6.4 ppm

78 - 106°F

Quality Average

660 ppm

56 ppm

4.5 ppm

95
0

F

I
I
I
I

The lava flows and volcanic conglomerates underlying valley fill and tuff layers contain

freshwater locally of higher temperatures (l06°F). The old health resort and spa of Agua

Caliente ori ginated here because of the warm water, observed first as a spring flow in the

foothills of the Agua Caliente Mountains.
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McMullen Valley

Located in the northwest corner of Maricopa and in Yavapai and Yuma Counties is

McMullen-Valley, 48 miles long and 15 miles wide. During 1953 about 6,000 acre-feet of

ground water were pumped for irrigation. In 1957 the pumpage increased to 21,000 acre-feet,

and in 1962 to 75,000, for the irrigation of 18,000 acres. The greatest depth to water was

484 feet near Agui la and the water-table decline rate 9.0 feet per year, in spring 1963. The

water quality critieria are as follows:

Quality RangeQuali ty Cri teri a

Total Soluble Salts

Total Hardness

Fluorides

Ground Water Temperatures

Fluori des are too hi gh for domesti c use.

189 

48 

0.6 

80 -

400 ppm

206 ppm

15.0 ppm

93°F

Quality Average

300 ppm

85 ppm

2.8 ppm

86°F

I
I
I
I
I
I
I
I
I

Harquahala Basi n

About one-third of the basin is situated in Maricopa County, the remainder in Yuma

County. The agricultural development, mostly within the southern part of the basin in

Maricopa County started in 1952-1953, when numerous wells were dri lied. Ground water

pumpage increased from 20,000 acre-feet in 1953 to about 100,000 acre-feet in 1959 and

200,000 acre-feet in 1963, irrigating an estimated 33,000 acres from 105 irrigation wells.

The increasing rate of ground water withdrawal has caused ground water table declines of

as much as 200 feet since 1954, and a depth to water up to 390 feet in the spring of 1963.

The annual water-table decline rate of 22 feet per year, occurring underneath a relatively

large area, probably will cause a reduction in agricultural acreage within a short span of years.

An additional increase in decline-rates can be expected, since the water-yielding capacity of

the alluvial fill decreases with depth. The water quality is good for agricultural purposes; for

domesti c use the hi gh fluoride content is in most places detrimental:
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Tonopah, Arlington and Lower Hassayampa Valleys

The average water quality information of the three basin areas may be condensed as

follows (also see Table 20):

The total salt content is very high in Arlington Valley; and fluorides are excessive in the

Tonopah and Arlington Valleys.

Ground Water
Temperature

6.0
2.3
0.5

65
130
140

Chemi cal Consti tuents (ppm)
Average Values

Total Fluorides
Hardness

6,920 acres

6,540 acres

850 acres

480
1,200

260

Total
Soluble

Salts

Quality Cri teri a Qua Ii ty Range Quality Average

Total Soluble Salts 417 - 864 ppm 600 ppm

Total Hardness 45 - 160 ppm 100 ppm

Fluori des 0.6 - 32.0 ppm 3.2 ppm

Ground Water Temperatures 76 - 102°F 90
0

F

Tonopah Valley

Arlington Valley

Lower Hassayampa Valley

Ground Water Basin

Tonopah Valley
Arlington Valley
Lower Hassayampa Valley

These three areas are connected wi th one another. Accordi ng to information recei ved

from the University of Arizona, Department of Agricultural Economics, the following agricul

tural land was cultivated in 1963:

The total water use in the Tonopah Valley was reported by the U.S. Geological Survey as

35,000 acre-feet in 1962. Water consumption rates in the other two basin areas have not been

reported separately. Water use in the Tonopah Valley was as high as 55,000 acre-feet in 1960,

and has decreased considerably, probably caused by falling water tables with a decline rate

up to 7.0 feet per year and a depth to water of 245 feet in 1963. The comparable values of

Arlington Valley are 200 feet depth to water and 3.0 feet decline for spring 1963.

I
I
I
I
I
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I
I
I
I
I
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Tonopah is one of the oldest spa and health resort areas in Arizona because of hot ground

water resources with temperatures up to 129
0

F. It might be predicted that Tonopah has a good

possibi lity of being revived as a health-resort after the projected Interstate Highway No. 10 has

been constructed.
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VI. FUTURE WATER NEEDS AND POPULATION POTENTIAL OF THE
PHOENIX METROPOLITAN AREA

Availability of water is one of the major governing factors in urban land use in the

Phoenix Metropolitan Area. So far it is obvious that there has never been an attempt to

answer the question of how much water is avai lable that can be used for future development.

The present study sheds light on some of the pressing issues which are significant far beyond

those of a water resources study only. Dependabi Ii ty of supply is the prime requisi te for all

water users, especi all y busi ness and industry. The purpose of thi s part of the study is to deter

mine the water resource utilization potential in relation to population growth and water require-

ments.

1. The Population Potential

E. Whi ttacker made a most interesti ng study in 1953: "The Theory of the Relationshi p of

Resources Development to Economic Development." Based on earlier discussions of this

phenomenon, he depicted a typical cycle of population increase in the West as a flattened "S".

The curve supposes that some new development has expanded resources and therefore has stim

ulated a surge forward in population. But gradually the surge loses its momentum and in due

course growth ceases. Whittacker poi nts out that it seems apparent that the popu lati on -resou rce

connection operates as cause and effect in both directions. The present population growth rate

of the Phoenix Metropolitan Area is relatively high, so that lack of sufficient water might

present a limitation. It cannot be denied from an economic standpoint that a certain mal

distribution of water is in effect. Most likely, the need for water for all purposes will grow at

a rate substantially faster than that of the population. This might be prevented, if the County

wou Id masterpl an future Iand use, by anal yzi ng area for area Iand uti Ii zation, water uses, water.

requirements and water availability. This concept might include the distribution of water

uti lity companies within the County and their actual function. The aim is to define a future

ultimate urban land use plan solidly based on dependable sources of water.
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The extent of future expansion for each land use, the intensity of development and the

direction and limits of growth influence water use, as well as recent trends in domestic con

sumption. Both are important and must be considered in determining the adequacy of any land

use concept to meet future growth. A land development plan provides information on the

amount of land that will be devoted to each purpose and how intensively it will be utilized

through gradual development. From knowledge of how much water each individual use requires,

the total consumed in the area can be computed.

Per Capi ta Water Use

Present water consumption and the continuous change in requirement during a certain period

of the past have been studi ed (see Chapter IV: Trends in Water Consumpti on). However, it

becomes evident that in order to study future demands today's standards of water usage are not

entirely suitable for application to the expected growth in population and expansion of land

uses in the Phoenix Metropolitan Area. With the information available it is difficult to make

predictions as to the adequate changes that can be expected to take place in present day con

sumption figures. This should be kept in mind when using the forecasted per capita require

ments for all nonagricultural purposes, presented in Table 23" and Chart 1.

It is anticipated, at this time, that the per capita water requirements will increase from

309 gpcd in 1963 to 335 gpcd in 1980.

Agricultural Water Use

It has been assumed that agricultural water use averages 4.84 acre-feet per acre and year.

There do exist limits in water development. It might become obvious, after having studied this

report, that expansi on in water use can on Iy come through transfer of water from one use to

another, and not through development of additional uses which would increase the total water

consumption.

Economic Limits in Water Development. There are cost limits to water development.

Water is a limitation on irrigated crop production. M. M. Kelso has shown that, through its

effects, it will have a significant impact on the County's economy (Arizona Academy 1964).

A substantial percentage of the County's personal income still is created, directly and indirect

ly, through crop agriculture. The limiting water cost is a result of several factors: pumping
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TABLE 23

WATER REQUIREMENTS FORECAST
Phoenix Metropolitan Area*

Year Gallons Per Capita Per Day Total
Muni ci pal Use Urban All Other

Irri gation Nonagri cultural
Use Uses

1963 192 67 50 309

1965 198 63 50 311

1970 213 53 50 316

1975 228 47 50 325

1980 243 42 50 335

*See also Chart 1•



cost per acre-foot; intensity of water application and crops grown; government acreage allot

ments; local water availability; and supply-demand-generated price relationships. There does

not exist a fixed concept. It is a changing concept over time, depending on actual and

anticipated cost-price technology relationships facing individual farmers and groups of farmers

ina parti cu Iar area of the County. However, the statement can be made that as the water

table declines and the operating costs increase, the farming income will diminish and also that

of farm-dependent busi ness.

These consequences have not always been realized in farm investments in the past, neither

by the farmer nor by the farm appraiser. At this time it still remains wishful thinking to raise

the farm efficiency from 50 percent to an optimum of70 percent - to offset the increasing

production costs. This problem has not changed in its order of magnitude during the past

10 years, nor will it probably change in the next 15 years.

In Chapter IV it is shown that the economic limit of the used water resource is found in

irrigation agriculture. Water used in any other sector of the County's economy other than

agriculture, no matter whether the results are measured in dollars or employment, is vastly more

productive. This limiting factor is mentioned to underline the fact that some estimate of the

economic holding capacity of the land in the Phoenix Metropolitan Area is badly needed.

Manipulating Ground Water Storage for Maximum Utilization

It is obvious that peopl e cannot be expected to change thei r Ii fe long habi ts wi thout di re

need, never minding the seriousness of the water problem. During the period 1953-1963,

water tables have declined at a constant annual rate, and the total annual water use in the

Phoenix Metropoli tan Area was relatively constant. Accordingly, the principal objective in

planning should be to manage the ground water reserve for long-range maximum utilization by

keeping the decline rate of the past ten years constant, also in the future, at least for the

coming ten years. This approach will give the necessary time to develop a balanced water

land use information program, based on a basin-wide concept.

In making projections of future water use it is essential to predict the areas where future

water users are likely to be located. Questions arise as to the magnitude of the potential

areas of water development, and as to the potenti al for effective uti Ii zation of the sti II

remaining ground water reserves. Quality changes will set new area limits acceptable for

-44-
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human consumption, as shown in Plate 11. Water supplies have to be allocated to certain

areas assuring that water can be obtained there in the appropriate quantities and qualities, and

for an acceptable pri ce at the time when needed and for many years to come. It has been most

revealing and unexpected that the water consumption of Buckeye was reduced to half that of

the precedi ng year, after the water was demi nerali zed and became more expensi ve (accordi ng

to information obtained from the Town of Buckeye).

Time relations are surely of basic significance in ground water development forecasts.

Depleting the remaining resources too far during the next ten years narrows and limits the

opportunities to make adjustments that may be needed in the future. This means loss in flexi

bi lity. The same thinking holds true for the safety of long-term investments, or business oper

ations, where water is directly or indirectly a critical limiting factor, such as agriculture,

industry, power and gas lines or other business. In this sense, the present report is part of a

reconnai ssance survey.

Any plan should be flexible, so that it can be modified if future developments deviate

from predi cti ons whi ch thi s present forecast indi cates. A fi rst essenti al is some forecast as to

the future, because a plan to accommodate future demands for water must be founded upon

some predictions, expressed or implied, as to future needs. It is the logical procedure to fit

any future developments into the avai lable water supply, by master planning the County's

future development trends. Examples will be given later in this report.

Projections with Present Decline Rates Continued until 1980

The two depth-to-ground-water forecast maps for 1970 and 1980 (Plates 12 and 13) have

been constructed and ground water fluctuation contours were drawn according to the average

water table decline rate at each single point of observation. The areas enclosed by each con

tour were evaluated by planimeter and the computed average area between contours was

multiplied by the contour interval to obtain the volume of change in the ground water reservoir

between contours. The algebraic sum of the volumes between contours resulted in the total

change in volume of the Phoenix and Mesa Basins, for each evaluated part of the two ground

water reservoi rs .
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Continuing discharge at a rate guaranteeing the further constant decline of the past years

would empty the ground water reservoirs to 1,000 feet depth, under the assumptions made in

Part V of this report in the following periods, starting in the spring of 1963:

The detailed calculations are presented in Table 24. These theoretical assumptions have

been made in order to provide some constructive operational planning basis.

By 1980, the average depth to water in the Phoenix and Mesa Basins would be 288 feet

and 429 feet, respectively. Under these assumptions, the quantity of water in storage would

be progressively depleted.

The foregoi ng di scussions are necessary steps for consi deri ng the uti Ii zati on potenti al of

the available water resources during the period 1963-1980, and beyond this period toward

ultimate utilization. This enables the investigation of the two ground water reservoirs with

flexible approaches. A possible one, an area-type study approach, is demonstrated in

Chart 7.

Tabl e 24 shows the quanti ty of ground water that can be de pi eted each year, in each one

of the two basins, at continuous average water table decline rates of 6.0 feet in the Phoenix

Basin and 7.0 feet in the Mesa Basin. An uninterrupted return-flow from all sources would be

required, comparable to the 845,000 acre-feet per year of the period 1956-1963, or its replace

ment by importation of other water, to balance water supply and demand every year.

136 years

99 years

Phoenix Basin

Mesa Basin

Fundamental for the analytical approach is the concept that an entire ground water basin

is to be considered as a unit, independent of the possibility that only certain portions of the

basi n mi ght be operated. Discharge in acre-feet is plotted agai nst time. The other two

variables are the two consumers, agriculture and nonagriculture. The last two have to be

balanced with the annual allowance. The summation of all water-using operations within the

ground water reservoir or water supply area has to fit the basic assumptions, established for the

concept of ultimate development. The projections of probable agri cultural land uses and

population growth rates depart from actual past trends observed during the period 1953-1963,

if these are continued beyond 1980. Population forecasts have been made by Maricopa County

PI ann ing and Zoni ng Department, whose fi gures have been used. They are publi shed in

I
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TABLE 24

FORECAST OF WATER-TABLE DECLINE AND GROUND WATER DEPLETION 1963-1980
Phoenix Metropolitan Area

PHOENIX BASIN AREA II ME SA BASI N AREA I & II PHOENIX METROPOLITAN AREA

Year Averoge Basin Area Water Specific Ground Water Accumulative Average Basin Area Water Table Specific Ground Water Accumulative Average Basin Area Water Specific Ground Water Accumulative
Depth to Below Water Table Yield Depletion D~pretion Depth to Below Water Decline Yield Depletion Depletion Depth to Below Water Table Yield Dep.letion Depletion
Water Tobie Decline (by Percent) Per Year (Acre-Feet) Water Table (Per Year) (by Percent) Per Year (Acre-Feet) Water Table Decline (by Percent) Per Year (Acre-Feet)

(Acres) (Per Year) (Acre-Feet) (Acres) (Acre-Feet) (Acres) (Per Vear) (Acre-Feet)

1963 186 497,000 6.0 0.2080 620,000 620,000 309 515,000 7.0 0.1920 693,000 693,000 248 1,012,000 6.48 0.2000 1,313,000 1,313,000

1964 192 495,580 6.0 0.2073 616,000 1,236,000 316 513,300 7.0 0.1911 687,000 1,380,000 254 1,008,880 6.48 0.1992 1,303,000 2,616,000

1965 198 494,150 6.0 0.2064 612,000 1,848,000 323 511,600 7.0 0.1902 681,000 2,061,000 261 1,005,750 6.48 0.19B3 1,293,000 3,909,000

1966 204 492,720 6.0 0.2057 608,000 2,456,000 330 509,900 7.0 0.1893 676,000 2,737,Oor 267 1;002,620 6.48 0.1975 1,284,000 5,193,000

1967 210 491,290 6.0 0.2050 604,000 3,060,000 337 508,200 7.0 0.1884 671,000 3,408,OC 274 999,490 6.48 0.1967 1,275,000 6,468,000

1968 216 489,860 6.0 0.2041 600,000 3,660,000 344 506,500 7.0 0.1877 666,000 4,074,00< 280 996,360 6.48 0.1959 1,266,000 7,734,000

1969 222 48B,430 6.0 0.2031 596,000 4,256,000 351 504,800 7.0 0.1869 661,000 4,735,000 287 993,230 6.48 0.1950 1,257,000 8,991,000

1970 228 487,000 6.0 0.2026 592,000 4,848,000 358 503,000 7.0 0.1858 656,000 5,391,000 293 990,000 6.48 0.1942 1,248,000 10,239,000

1971 234 485,.300 6.0 0.2018 588,000 5,436,000 365 501,330 7.0 0.1850 650,000 6,041,000 300 986,630 6.48 0.1934 1,238,000 11,477,000

1972 240 483,600 6.0 0.2012 584,000 6,020,000 372 499,660 7.0 0.1840 644,000 6,685,000 306 983,260 6.48 0.1926 1,228,000 12,705,000

1973 246 481,900 6.0 0.2004 580,000 6,600,000 379 497,990 7.0 0.1830 638,000 7,323,000 313 979,890 6.48 0.1917 1,218,000 13,923,000

1974 252 480,200 6.0 0.1998 576,000 7,176,000 386 496,320 7.0 0.1820 632,000 7,955,000 319 976,520 6.48 0.1909 1,208,000 15,131,000

1975 258 478,500 6.0 0.1990 572 ,000 7,748,000 393 494,650 7.0 0.1812 627,000 8,582,000 326 973,150 6.48 0.1901 1,199 ,000 16,330,000

1976 264 476,800 6.0 0.1982 568,000 8,316,000 400 492,980 7.0 0.1804 622,000 9,204,000 332 969,780 6.48 0.1893 1,190,000 17,520,000

1977 270 475,100 6.0 0.1974 563,000 8,879,000 407 491,310 7.0 0.1795 617,000 9,821,000 339 966,410 6.48 0,1884 1,IBO,Ooo 18,7OO,OOC

1978 276 473,400 6.0 0.1966 558,000 9,437,000 414 489,640 7.0 0.1786 612,000 10,433,000 345 963,040 6.48 0.1876 1,170,000 19,870,000

1979 282 471,700 6.0 0.1958 554,000 9,991,000 421 487,970 7.0 0.1778 607,000 11,040,000 352 959,670 6.48 0.1868 1,161,000 21,031,000

1980 288 470,000 6.0 0.1950 550,000 10,541,000 429 486,300 7.0 0.1770 602,000 11,642,000 358 956,300 6.48 0.1860 1,152,000 22,183,000

2000 408 441,000 6.0 0.1785 10,200,000 20,741,000 569 459,000 7.0 0.1585 11,110,000 22,752,000 488 900,000 6.48 0.1685 21,310,000 43,493,000

2020 528 422,000 6.0 0.1650 8,880,000 29,621,000 709 428,000 7.0 0.1410 9,305,000 32,057,000 617 850,000 6.48 0.1530 18,185,000 61,678,000

1,000 359,000 6.0 0.1000 24,350,000 53,971,000 1,000 386,000 7.0 0.1000 14,280,000 46,337,000 1,000 745,000 6.48 0.1000 38,630,000 100, 308, 000

- - - - - - - - - - - - - - - - - - -
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"A Part of the Comprehensive Plan for Maricopa County; Part II: Population Growth, Existing

Land Use, Phoenix, 1964." In the long run, irri gation development and population growth

are interdependent, one upon the other. Attention should be called to the fact that it is not

so important to predict when the stage of initial full development (immediately before reaching

ultimate development) will be reached, as it is to approximate the pattern of land use that is

most likely to accompany that specific stage. It is essential however to note the changes in

the different types of land utilization in terms of their percentages of the total area irrigated

and in relation to the passage of time, at least approximately. Some assumptions, therefore,

with respect to the rate of potential population growth are essential as a primary step in

projecting the agricultural pattern.

Tables 25 arid 26 disclose the details of the calculations which serve for the construction

of Chart 7.

Tables and charts are based on the two basin areas, Phoenix and Mesa Basins. The sum

mation of the comparable basin values establishes the water needs of the Phoenix Metropolitan

Area as a whole. * If this area's population were to increase from 815,000 persons in 1963 to

1,800,000 in 1980, the irrigated acreage would have to decline from 430,055 to 315,000

acres to maintain the annual rate of decline. The total water quantity required at delivery

points would be less in 1980 than in 1963: 2,202,000 compared to 2,363,000 acre-feet, since

the storage capacity of the two basins for the same thickness of water-filled material declines

with depth. Using consistent assumptions, the forecasts also unfold the initial full development

stage of 3 million people around the year 2020 with declining agriculture, and the ultimate

development stage of 3.2 mi Ilion people using 1.8 mi Ilion acre feet of water per year and

practically no agriculture left in the Phoenix Metropolitan Area. Salt River Project and

Central Ari zona Proj ect, together wi th return -flow of treated waste water, shou Id be abl e to

supply this volume of water indefinitely. The ground water reserve itself will be touched in

ti mes of great need on Iy, for instance in years of surface water shortage. The uIti mate deve lop

ment stage shou Id establi sh the long-term planni ng goal.

*See Table 27
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TABLE 25

FORECAST OF URBAN AND ALL OTHER NONAGRICULTURAL WATER REQUIREMENTS
1963-1980

I PHOENIX BASIN AREA II MESA BASIN AREA I & II PHOENIX METROPOLITAN AREA
Year Population Total Use Population Total Use Population Total Use

gpcd* Acre-feet/ gpcd* Acre-feet; gpcd* Acre-feet/
Year Year Year

1963 590/000 309 204/000 225/000 309 78/000 815/000 309 282, 000

1964 614/117 310 213/000 258/824 310 90/000 872/941 310 303,000

1965 638/235 311 222/000 292/647 311 102/000 930/882 311 324, 000

1966 662/353 312 231/000 326/471 312 114/000 988/824 312 345,000

1967 686/471 313 240/000 360/294 313 126/000 1/046/765 313 366,000

1968 710/588 314 249/500 394/118 314 138/500 1/ 104/706 314 388,000

1969 734/706 315 259/000 427/941 315 151/000 1/162/647 315 410,000

1970 758/824 316 268/500 461/765 316 163/500 1/220/589 316 432,000

1971 782/941 317.5 278/000 495/588 317.5 176/000 1/278/529 317.5 454,000

1972 807/059 319 288/000 529/412 319 189/000 1/336/471 319 477, 000

1973 831/177 321 298/500 563/235 321 202/500 1/394/412 321 501/000

1974 855/294 323 309/000 597/059 323 216/000 1/452/353 323 525,500

1975 879/412 325 320/000 630/882 325 229/500 1/510/294 325 549/000

1976 903/530 327 331/000 664/706 327 243/000 1/568/236 327 574/000

1977 927/647 329 342/000 698/529 329 257/000 1/626/ 176 329 599/000

1978 951/765 331 353/000 732/353 331 271/000 1/684/118 331 624/000

1979 975/883 333 364/000 766/176 333 285/500 1/742/059 333 649/000

1980 1/000/000 335 375/000 800/000 335 300/000 1/800/000 335 675/000

2000 1/420/000 338 617,000 1,240,000 388 539/000 2,660,000 388 1/156/000

* Gallons per capita per day.

-------------------



TABLE 26

FORECAST OF AGRICULTURAL REQUIREMENTS
1963-1980

I PHOENIX BASIN AREA II MESA BASI N AREA I & II PHOENIX METROPOLITAN AREA

Year Total Agri cultural{l) Total Agri cu Itural{l) Total Agri cu Itural(l)
Acreage Water Use Acreage Water Use Acreage Water Use

(Acre -Feet) (Acre -Feet) (Acre-Feet)

1963 235,790 1,140,500 194,265 940,500 430,055 2,081,000
1964 233,000 1,127,500 191,000 922,500 424,000 2,050,000
1965 230,000 1, 114,500 187,000 904,500 417,000 2,019,000
1966 227,000 1, 101,500 183,000 887,500 411 ,000 1,989,000
1967 225,000 1,088,500 180,000 870,500 405,000 1,959,000
1968 222,000 1,075,500 176,000 853,000 398,000 1,928,000
1969 219,000 1,061,500 173,000 835,500 392 ,000 1,897,000
1970 216,000 1,048,000 170,000 818,000 386,000 1,866,000
1971 213,000 1,034,500 166,000 800,500 379,000 1,835,000
1972 210,000 1,020,500 162,000 781,500 372 ,000 1,802,000
1973 207,000 1,006,000 158,000 762,000 365,000 1,768,000
1974 204,000 991,500 154,000 742,500 358,000 1,734,000
1975 201,000 976,500 150,000 723,000 351,000 1,699,500
1976 198,000 961,500 146,000 704,500 344,000 1,666,000
1977 195,000 945,500 142,000 685,500 337,000 1,631,000
1978 192 ,000 929,500 138,000 666,500 330,000 1,596,000
1979 189,000 914,500 133,000 647,000 322,000 1,561,500
1980 186,000 899,500 129,000 627,500 315,000 1,527,000

2000 120,500 583,000 69,800 293,000 181,000 876,000

2020 74,800 363,000 8,300 40,000 83,000 402,000

(1) Based on 4.84 acre-feet of water per year for each acre of irrigated agricultural land.

-------------------



TABLE 27

FORECAST OF TOTAL WATER REQUIREMENTS

(l) Based on 4.84 acre-feet of water per year for each acre of irrigated agricultural land.

- - - - - - - - - - - - - - - - - - -
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2. Augmenting the Available Water Supply

The 2,202,000 acre-feet at points of diversion (1963 water use) will not be available

from the present surface water sources alone by about 1980, when return flows from seepage

and irrigation will have been drastically reduced. N. Wollman concludes that if the South

west is to share in projected population and economic growth, one or more of the' following

adjustments in the projections for 1980 must take place:

(1) An increase in water supply by increase in precipitation, increase in importation or

desali ni zation;

(2) An increase in efficiency of water use beyond that which is anticipated;

(3) A reduction in heavy water-depleting uses in order to allow fulfi IIment of other uses.

(Senate Select Commi ttee on Nati onal Water Resources, U. S. Congress, 1959-60).

Central Arizona Project

The Colorado River offers the most readily avai lable source of water from whi ch to augment

the supply of the Phoenix Metropolitan Area. It is assumed that the average canal side

delivery of Colorado River water via Central Arizona Project wi II be for:

It is planned to deliver, from the quantity last mentioned, 100,000 acre-feet to the City

of Tucson at the end of a 50-year period. This delivery plan covers all of the Central Arizona

Project Area in Maricopa, Pinal and Pima Counties. However, subsequent modifications may

be expected after later determinations are made on distribution to various areas of need.

Water delivery can scarcely be expected before 1980.

I
I
I
I
I

Agricultural irrigation

Muni ci pal and Industri al Supply

814,000 acre-feet per year

256,000 acre-feet per year

I
I
I
I
I

Ground Water Recharge - Flood Waters

The Flood Control Distri ct of Mari copa County has under study proposed arti fi ci al ground

water recharge from flood runoffs for various parts of Mari copa County. The proposed recharge

facilities fall into 2 categories. The first group are facilities to handle controlled flood runoff

from detention basins providing a means of disposing of flood water; for instance, recharge pits

are considered in Southeastern Maricopa County at the following locations:
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(a) Upper Queen Creek Recharge area, in Sec. 21, and E 1/3 of Sec. 20, T2S, R8E;

(b) Upper Salt River recharge area, a strip 300 feet wide and 2 miles long on the left
bank of the Salt River;

(c) Lower Queen Creek recharge area, between Roosevelt Canal and Queen Creek in
Secs. 10, 11, 15 and 22, T2S, R6E;

(d) Sal t Ri ver Mountai ns recharge area, SW corner of Sec. 21, T2 5, R3E.

The Whitlow Dam on Queen Creek is a first step in this direction to collect and store the

flood runoff needed.

Ground Water Recharge - Treated Waste Water

The use of treated sewage effluent for recharge is feasible. A metropolitan area has large

quantities of effluent available which, with proper treatment, can provide supplies for industry,

parks, golf course, or ground water recharge. Sewage is nothing else but polluted water,

H
2
0. Undesirable matter can be techni cally removed so that the remaining product may have

any desired degree of purity. The Maricopa County Flood Control District deliberates second

ary proposed recharge faci Ii ti es for hand Ii ng treated waste water, such as domesti c and indus

trai I sewage effluent, i rri gati on tai I end water and part of the undetai ned flood runoff, for

instance at the following locations:

(a) Mesa recharge area
recharge pit at the north-central edge of Sec. 31, TlN, R5E;
recharge pit in the NE corner of NW 1/4 of Sec. 4, TlS, R5E;

(b) Chandler recharge area, recharge shafts west of Chandler.

While the idea of purifying sewage is downgraded from an aesthetic viewpoint, it provides

too much promise as a future water resource to allow passing it up without a thorough examin

ation. The 1980 population of the Phoenix Metropolitan area probably wi" require a total of

675,000 acre-feet of water. Fifty percent of the used water might be sewage effluent, i.e.

337,500 acre-feet. This emphasizes the magnitude of the availability of a resource which can

be developed wi th Ii ttle pumpi ng and no long-di stance transmi ssi on Ii nes.
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The City of Phoenix has long-range plans to care for the domestic and industrial water

demands of the Phoenix Metropolitan Area through the year 2000. The 91st Avenue Sewage

Treatment Plant will have a projected final future capacity of 240 million gallons a day or about

270,000 acre-feet a year. The plant is located in the Gila River Valley, toward Buckeye, and as

planned wou Id discharge all the treated sewage effluents at the lower end of the Phoenix Basin.

So far, no plans have been made to return at least a part of this outflow to the aquifer.

At this point, it is necessary to go one step further toward ultimate water use for about

3,200,000 people, with an annual water consumption of 1,800,000 acre~feet. The expected

sewage flow volume might be in the order of 900,000 acre-feet per year. By this time, the

average water table in the Mesa Basin may be deeper than 800 feet and approach 1,000 feet,

i.e., provided that the sewage effluent of 450,000 acre-feet per year from the Mesa Basin is

allowed to leave the basin, and not to be returned after treatment to ground water storage.

A treatment plant in the lower end of the Phoenix Basin does not help the ground water conser

vati on wi thi n the Mesa Basi n. Thi s deserves to be studi ed in detai I. The transportati on of the

sewage effluent out of the Mesa Basin might, on the long run, endanger the existence of its

water source.

Economical factors probably are in favor of operating a central sewage plant. On the

other hand, it might be more economical to recharge and store all the imported Colorado River

water in underground storage of the Mesa Basi n, instead of Maxwell Lake.

Undoubtedly, there are numerous factors which enter into a water-reuse program in

addi tion to water need, whi ch inc lude advancement in treatment methods; quali ty of resources;

regulatory principles conducive to sewage development; and above all the securing of the

proper support necessary for effective legislation and financi al support to make water reuse a

planned overall program.

Reduction of Evaporation - Salt, Verde and Agua Fri a Rivers Surface Water Reservoirs

Evaporation losses from open water surfaces are tremendous, in the order of 6 to 7 feet per

year, i • e., 6 to 7 acre-feet per acre of water surface of reservoirs on the Salt, Verde and

Agua Fria Rivers, and also on the open canals and ditches. Monomolecular layers added to

water surfaces have saved, on smaller surface water storage areas, up to 40 percent of the

previous losses by evaporation. It may be expected that chemical compounds creating more
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resistent fi Ims wi II be developed whi ch will help to save substanti ally the stored runoff from the

watersheds in the surface-water reservoirs, and to augment surface water delivery to the

Phoenix Metropoli tan Area.

Better Watershed Management to Increase Yields from Precipitation

In 1964, an agreement was signed between the U.S. Forest Service and the Salt River

Project to rehabilitate the Salt and Verde watersheds, some 6 million acres, during a period of

25 years, and to spend some $75,000,000 in federal and Project funds. It is hoped to restore

or even to improve the ori gi nal effecti ve preci pi tation of 12 percent whi ch has been decreased

now to 5.6 percent. The first contracts have already been let.

Demineralization of Saline Waters

The water demineralization plant of Buckeye has been operating since September 8, 1962,

without interruption, to produce an acceptable domestic supply from brackish water sources.

I
I
I
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TABLE 28
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BRACKISH WATER DEMINERALIZATION AT BUCKEYE
Phoenix Metropolitan Area

Chemical The Feed Water
Component ppm

Sodium 630

Calcium 116

Magnesium 15

Total Hardness 354

Chlorides 1,054

Sulfates 155

Bi carbonates 78

Nitrates 9

Fluorides 2

Total Dissolved Solids 2,076

PH 8. 1

The Product Water
ppm

142

17.6

1.7

51

220

60

27

484

7. 1
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It can be concluded that demineralization of brackish water by electrodialysis is econo

mically feasible in locations where other sources of water requ~ring less costly treatment are

not avai lable. The treatment costs for the full installation load of 233/000/000 gallons per

year are 33 cents per 1/000 gallons. The actual load is 48 percent of capacity with a price

of 50.9 cents per 1/000 gallons. It can be foreseen that demineralization wi II play an

increasing role in the water supply of the Phoenix Metropolitan Area, as the remaining ground

water solution will be getting more and more concentrated in the future.

Demineralization of brackish waters within the basins of the Phoenix Metropolitan Area

is not a means of water saving and augmenting the available supply, as it originates from the

same common ground water source. It is a popular misconception to assume that brackish

water originates from a different source. As the remaining basin ground water reserve is getting

more concentrated, demineralization will have to be used also within the Phoenix and Mesa

Basins.

Saline water conversion will eventually provide an important part to increase our local

freshwater supplies. Arizona is close enough to the Gulf of California to bring desalted ocean

water to the Phoenix Metropolitan Area, after its population has grown to such dimensions that

it can support the expense involved. Arrangements might be made with Mexico, to build a

desalinization plant either in Mexico or in the United States at the end of supply canals origin

ating in the Gulf, and pump the demineralized ocean water to the Phoenix Metropolitan Area.

The expenses per 1/000 gallons, appear at this time to be unsurmountable ($1.00 per 1,000

gallons, excluding transportation), but it might be accepted gladly in a time of dire need.

Irrigated agriculture within the Phoenix Metropolitan Area might be maintained into the future,

if demineralized ocean water in sufficient quantities for all nonagriculture uses would reach

thi s area before the end of thi s century. The same concept ho Ids true if addi tional surface

water would be imported in large quantities from the Pacific Northwest.

Since the annual return-recharge to ground water is being reduced by canal lining, higher

irri gation effi ci ency, and other methods, one of several approaches might be used successfully

to supplement the Phoenix Metropolitan Area's avai lable water supply.
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3. Water Resources Management and its Effects Upon Planning in Maricopa County

Every problem of regional growth involves a problem of land and water use. In essence,

each bui Idi ng permi t affects water resources managemen t. Extendi ng thi s though t far into the

future leads to the perplexi ng question: "What wi II be the si tuation 30 years from now?

Whi ch measures wi" have to be taken?"

Water resources management should be coordinated with regional planning. Water avail

abi lity sets the limits to the possible social and economi c regional development. So far,

Mari copa County has sponsored two basi c studi es: 1) "The Economy of Mari copa County, 1965

1980", by Western Management Consultants, published in 1965, which reviews past and present

economy, and forecasts development trends for one specifi c economi c model up to the year

1980; 2) This present water resources study which assesses present water supplies and demands,

and for a generalized model, projects future water demands up to and beyond 1980.

An objective still to be accomplished is to coordinate and to interpret the economic and

water resource data in terms of water requi rements for the future, and to transl ate these requi re

ments into a broad water resources management program. In order to reason logi cally from the

present economi c and water si tuation to a plan best sui ted for the year 2000, it is possi bl e to

use a basic methodology applied by Battelle Memorial Institute to the three Michigan Counties

of CI inton, Eaton and Ingham. *

Alternative Long-Range Plans for the Tri-County Region, Michigan

The Michigan study parallels a situation as it exists in Maricopa County: Water avail

abi Ii ty Ii mi ts regi onal growth and the task of the aforementi oned research effort was to provi de

a techni cal-economi c report that wou Id serve as a guide or base for broad poli cy deci sions

relating to three alternate patterns of regional development and their implications on water

resources management. The Michigan study involved the following major steps:

1. Revi ew of the past and present economy of the regi on;

* Battelle Memorial Institute: Alternative Long Range Water Use Plans for the Tri
County Region, Mi chi gan - A Techni cal-Economi c Report to Tri -County Regional
Planning Commission, August 1963.
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2. Assessment of present water suppli es and demands of the region;

3. Selection of an economic goal on which subsequent water plans might be based;

4. Projection of future water demands to the year 2000;

5. Identification of three alternative economi c development goals for the region to

the year 2000.

6. Consideration of three alternative geographi c patterns of future economi c develop

ment as they may di ctate future geographi c patterns for water requi rements;

7. Development of specific plans for water resources management and water-related

facilities for each of the three alternative geographic patterns of economic growth;

8. Evaluation of the alternative plans and selection of the pattern presenting the best

approach.

The three alternative physi cal approaches were: (a) Planned sprawl patterns of growth;

(b) Satelli te ci ti es patterns; (c) Corridor patterns of growth. The aforementioned were based

on: (1) An optimistic growth rate of population and industrial growth; (2) Limitations of their

water resources.

The Planning Commission, in cooperation with the consultants, prepared "first-estimate"

land -use maps accordi ng to the three postu Iated patterns of growth, followi ng generall y

accepted urban-development concepts. The economic development goals were projected to

the years 1970, 1980 and 2000, representing reasonable alternative economic growth patterns

for each of the three approaches. These were later transIated into water requi rements to the

year 2000 for residential, industrial, commercial, agricultural and public use purposes, for

each one of the three selected models. The projected water requirements then formed the

basis for projected water and sewage treatment facilities and their estimated costs.

For the benefi t of the publi c, a committee analyzed, evaluated and interpreted the three

alternative plans. It was found that a selected program has a far-reaching effect on the

sequence of precedence of construction and other measures of importance. The Tri -County

report concludes:
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11 (1) There aresi gnifi cant differences in the costs for developing water, sewage
and other water-related facilities, depending on the geographic pattern of growth in

the region;

"(2) Use of water resources of the region will require close coordination among
the political units of the region. The planning and subsequent operation of water
and sewage facilities will become increasingly interrelated, as the region develops;

"(3) The best understanding of water and sewage problems and alternative
solutions can be obtained by continuous efforts of the County Planning Commission;

"(4) The establishment of a Metropolitan or Regional Water Authority may be
required to implement the plan for water and water-related facilities and to manage
the water resources;

"(5) There appear to exist legal precedents for implementing any or all portions
of the selected plan. 11

The sequence of thought presented in the preceding program is not new. It confirms the

author's knowledge and experience in this field and stresses the fact that regional, social and

economic, improvement programs cannot be pursued without a far-reaching management program

of the regional water resources. The Tri -County Regional Study was conducted without a

precedi ng ground water eval uation, such as the subject report of Mari copa County. The U . S.

Geological Survey states, in Water Supply Paper 1800, page 421: "Ground water information

is adequate for only a few small areas. Much additional information is needed to encourage

development in unpumped areas and to serve as a firm basis for maximum development in

currentl y pumped areas. 11 (Mi chi gan, Lower Pen insu la, Southwestern Part)

The cost of the techni cal-economi c study of the three Mi chi gan Counti es is tri vi al when

compared with the benefits that, without any doubt, can be derived from its results. Conditions

indicate that it would be beneficial for Maricopa County to undertake a similar study. Program

ming the best possible solution of regional, social, and economi c development would assure

industry that it would be advantageous to locate in the Phoenix Metropolitan Area.

The Salt River Project in cooperation with the U.S. Bureau of Reclamation, both

mentioned previously, have always worked on region-wide planning aspects. Without their

efforts and operations the Phoenix Metropolitan Area probably would not have advanced to its

present degree of development. An even closer coordination of water resources management

with the physical planning process of various geographical areas in the county appears highly

advi sabl e in the future.
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