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Disclaimer:

I am not a lawyer or 

trained hydrologist.

My training is in geology 

and education.

But this is my attempt to 

illustrate Arizona’s water 

situation in a relatively 

simple narrative.

The actual picture is 

very complex, and it is 

constantly changing.



4



5

Gold is currently more than $1500.00 per ounce.

Municipal water is roughly $0.000015 per ounce.

That’s a ratio of 1 Billion to 1.

But which is more valuable? 
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Most of the water in Arizona is used for agriculture, which is only

about only 8% of the economy. More efficient use of agricultural 

water could free up water for communities and industries.
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Part 2

Surface Water
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Camp Creek waterfall, 15 miles east of Cave Creek
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This crossing of Cave Creek is dry more than half of the year.
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Floods on Cave Creek can carry as much water as the Colorado River 

through the Grand Canyon, isolating dozens of homes for as long as a week.
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Desert streams are sometimes called “flashy.” They can go from 

bone dry to roaring water in a few minutes in a “flash flood.” As 

of August 2023, the greatest measured flood on Cave Creek 

occurred on September 3, 2005, after the Cave Creek Complex 

Fire. 
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This is the USGS stream gauge “Below Cottonwood Creek” on the 

Greenberg historic stamp mill property. The black arrow shows 

organic debris, possibly from the 2005 flood.
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Horseshoe Reservoir, on the Verde River east of Cave Creek 

is managed by the Salt River Project (SRP).

It is often nearly empty.
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But Horseshoe Dam overflows when the Verde River is in flood.

This is from the Arizona mountains snow melt in 2023. 
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Bartlett Lake is the other major SRP reservoir on the Verde River.
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Making Bartlett Dam higher would 

impound/store more water in flood years, such 

as 2023, rather than the water being lost by 

overflow.
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The Central Arizona 

Project (CAP) canal 

brings Colorado 

River 

water more than 300 

miles to the Phoenix-

Tucson corridor. It 

serves about 80% of 

Arizona’s population.

Building it cost about 

$5 billion. But to get 

the needed support of 

California, Arizona 

took “Junior Partner” 

(low priority) status.

The CAP canal was 

intended to preserve 

groundwater. 
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The Central Arizona Project CAP aqueduct begins at the Mark 

Wilmer pump station on the Colorado River at Lake Havasu.
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The CAP aqueduct includes the canal,  pump stations, tunnels, and siphons.

Salt River
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Cave Creek receives its water from the CAP canal at Deer Valley Road. 

It’s pumped uphill 600 feet and 12 miles to the Town of Cave Creek.  
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The Cave Creek water treatment plant is located on Basin Road in 

the Town Core. Recent upgrades have modernized potable water 

treatment, reduced losses and increased efficiency.
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Part 3

Groundwater
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Groundwater occurs where there is connected pore 

space within the ground. It emerges at springs.
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Seven Springs is a constant 

source of groundwater that 

flows down to Cave Creek. 
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A short distance downstream is the crossing of Forest Road 24. Because 

of  the constant outflow of Seven Springs, it flows like this all year long.
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Trucks bring some of the spring water away from the Cartwright Ranch 

in the high desert north of Cave Creek. The Cartwright water claim has 

seniority over the U.S. National Forest claim.
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Water supply is often expressed in units of 

acre-feet. (AF) One acre-foot is roughly 

enough water to cover a football field 

one foot deep. 

One AF can supply 2-4 Arizona homes 

for a year, assuming average water use. 
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The Cartwright Ranch has 

a claim to 60 acre feet of 

spring water for irrigation 

and 30 acre feet for 

domestic use.

This claim pre-dates the 

Tonto National Forest, but

has not been adjudicated 

and is therefore not a full 

water right.

The effect this diversion of 

water flowing into Cave 

Creek is uncertain.
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The Town of Cave Creek has several wells including the Vermeesh 

well in Galloway Wash. It is not currently in use, partly because of 

arsenic contamination. Natural arsenic is common in Western 

groundwater. Blending with water that has a low arsenic content, such 

as Colorado River water, would allow it to conform to federal water 

standards.
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Small private wells are known as “exempt wells.” 

They are unregulated and assumed to have little impact on aquifers.  
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Unlike Southern California, the Phoenix-Tucson corridor has a deep 

aquifer. It could supply most of our water for as much as 10 years. 

But this is “fossil water,” best managed as a “water reserve account.”

Water recharge/banking can extend its lifetime and our future 

security. But Arizona’s current groundwater use is not sustainable.
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Because recharge can be much slower than extraction, groundwater in 

Arizona needs to be treated as a non-renewable resource. Therefore

we use the term, “water mining.” Surface water and groundwater are 

separate in some regulations, but they are, in nature, interconnected. 

TMcG
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Construction of the 

Central Arizona Project 

(CAP) aqueduct allowed 

Active Management Areas 

(AMAs) and Irrigation 

Non-Expansion Areas 

(INAs) where groundwater 

withdrawal is managed for 

future availability.

Outside the AMAs and 

INAs, groundwater is 

neither monitored nor 

regulated.

Additional AMAs and 

INAs can be established

by state and local action.

Arizona’s Water Future: Challenges and Opportunities,

Report by the University of Arizona, 2004
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Outside the AMAs, unrestricted 

development and industrial farms 

are draining some desert aquifers. Note 

the center-pivot  irrigation circles near Wilcox, AZ.
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Former Governor Babbitt urged citizens to 

establish a rural “Active Management Area.”

But Wilcox voted not to become an AMA.  
36
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These are center-pivot

irrigation locations 

identified from 

satellite images. 

The circles are 

easy to spot during 

commercial air travel. 

They are increasingly 

common throughout 

the desert southwest.

Most are outside the 

regulations of Active 

Management Areas.
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A “cone of depression” is 

created by center-pivot wells, 

as water is pumped from as 

deep as 1/2 mile.
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Withdrawal of 

water from 

aquifers 

sometimes 

makes nearby 

wells run dry.

Industrial farms 

can drill deeper 

wells to extract 

“fossil water,” 

but rural 

homeowners 

can’t afford such 

deep wells.

TMcG
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We wouldn’t allow Arizona water to be shipped out like this…
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…so we turn the water into animal feed and export it.
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In 2022 the governor allowed a Saudi Arabian company to lease 

state land for as little as $25 per acre per year. This allowed them to 

extract unlimited groundwater to grow animal feed that is shipped 

to the Persian Gulf. This contract is now under review. 
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Residents of Rio Verde Foothills purchased homes enabled by lot splits on county land north of 

the 

Scottsdale city limits. Unlike larger developments, homes on lot splits do not require a “100 year 

assured supply.”Although they were given notice, residents were allowed to temporarily haul in 

Scottsdale water. In order to prepare Scottsdale for a water shortage, hauling was terminated.
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Rio Verde Foothills could have formed a DWID (Domestic Water Improvement District), but some 

balked at the high cost. Maricopa County negotiated with Scottsdale to resume supplying water. But 

Scottsdale insisted on guarantees that their own citizens would not be disadvantaged by incurring 

extra costs, having to supply uncontrolled residential growth or loss of their own allocated water.
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The Central Arizona Groundwater Replenishment District (CAGRD) 

allows a housing development to extract local groundwater in an 

AMA with a commitment to replace it. It’s a “workaround” allowing 

developments to be built where groundwater extraction is normally 

prohibited. CAGRD grew from 4 developments in 1995 to 1,248 

subdivisions in 2022. Anthem is a CAGRD project with 10,000 homes.

Homeowners are responsible through their water supplier to pay 

for water to constantly replace the groundwater. It’s controversial 

because the groundwater recharge doesn’t have be where it is 

withdrawn. This can result in the collapse of the local aquifer.
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The ASU Kyle Center has 

published on-line reports 

about Arizona water 

supplies. Groundwater is 

especially critical. A 

critical goal is to equalize 

withdrawal with recharge 

for sustainable use.

Because of historic uses, 

contracts and state-wide 

policies, Arizona is using 

more ground water than is 

being replaced.

Three other booklets are 

also available at the Kyle 

Center for Water Policy 

website.
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Part 4

Reclaimed Water (Effluent)
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Treated wastewater is a valuable commodity in the desert. Here are 

the six major uses for effluent in Phoenix. This includes cooling 

water for the Palo Verde nuclear power plant west of Phoenix. 

In fact, reclaimed water can be made more pure than traditional 

potable water supplies such as groundwater and surface water.
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Supplying potable reclaimed water is being explored 

in Phoenix and other valley cities. This water fountain 

at the “end of the line” in Scottsdale’s very high-tech 

demonstration water purification facility. 
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The Cave Creek wastewater treatment 

plant is located along Carefree Highway. 
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Cave Creek’s treated wastewater is dedicated to irrigate the 

Rancho Mañana Golf Course. Notice the natural brown 

vegetation of the Sonoran Desert above the 6th fairway. 
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Part 5

Follow the Colorado River
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The Colorado River 

starts high in the Rocky 

Mountains of Colorado.

It is not a large river.

It drains 8% of the 

United States, but 

has only 1.2% of the 

water volume. Yet the 

Colorado River serves 

40 million people.

The Columbia River 

has the same size 

watershed as the 

Colorado, but carries 

12 times as much 

water.
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A profile of the Colorado River below Yuma shows that the gradient 

is steeper west into the Imperial Valley than it is to its natural 

terminus into the Sea of Cortez.
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Demise

of the

Alamo

Canal

The original canal to irrigate California’s Coachella/Imperial Valley 

was built in 1900. Floods overwhelmed the intake from 1904 to 1906.

Flooding created the Salton Sea, 200 feet below sea level. It was 

replaced by the All-American Canal with better control gates.
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California’s Imperial Valley, along with nearby Yuma, Arizona irrigation

lands, provide most of the winter vegetables for the whole United States.

Salton Sea

https://en.wikipedia.org/wiki/Salton_Sea#/media/File:SaltonSeaArielFromSouth.jpg
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Part 6

The Colorado River in History
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From 1852 to 1909 shallow draft boats could travel 300 miles up 

the Colorado River past present day Las Vegas depending on 

water flow conditions. 
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Low water: Late summer flow on the Colorado River near Moab, UT

River discharge is low above the major dams, until the 

the spring and summer Rocky Mountain snow melt.
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Before the dams were built, flow volume of the Colorado River 

could be 40 times as much water in late spring as it had in the 

dry fall and winter months.  
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Part 7

The Colorado River as a Storage System



71

This is a simplified model of the Colorado River as a storage 

System from the Rocky Mountains to the Sea of Cortez. Water lost 

to evaporation, now estimated as 1/8 of the water, is not shown.



These graphics show that 2023 was an excellent year for mountain 

snowfall. But much of the snow evaporated  due to climate change.

72

Best

guess
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In 2022-2023 the level of Lake Mead, shown here at Hoover Dam, was 

about a quarter full; the lowest since the reservoir filled in the 1930s. 

Erin Schaff/The New York Times; April 11, 2023
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Notable elevations of Lake Mead at Hoover Dam

1. Full Lake Capacity (It was near this level in 1983 and 1999)

2. Elevation in August, 2023, after our 20+ year drought

3. Dead Pool (Below this level no water can pass through.)

(Note that because of the shape of the bottoms of the reservoirs, Dead Pool is far below half full.)

1.

2.

3.
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In May 2022 the ramp of the Lake Powell Bullfrog to Halls Crossing 

ferry had been closed for years. At capacity, the water would be close to 

the blue sign, and most of the land you see here would be under water.
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Part 8

The Law of the River
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The Law of the River:

The “Law of the River” is a huge 

accumulation of regulations consisting of 

scores of compacts, federal laws, court 

decisions, joint decrees, contracts, and 

regulatory guidelines worked out among 

the seven Colorado River Basin States. 

Conflicts among the regulations abound.

Since 1922, as conditions and needs have 

changed, it is in a constant state of flux.

It can be a lawyer’s dream or 

nightmare.

(”Water’s ‘fer fightin’ over.”)
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A good read
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The Colorado River 

Compact of 1922 divided the 

watershed into four Upper 

Basin States and three lower 

basin states. The boundary 

is at Lees Ferry.

The upper basin states were 

expected to send 7.5 million 

acre feet (MAF) of water to 

the lower basin states.

Arizona did not initially sign 

the Colorado River Compact 

due to inclusion of the Gila 

River. But Arizona later 

claimed it was entitled to 

2.8 MAF.
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Colorado River water was allocated (red lines) to the states and 

Mexico based on discharge in the early 1900s. These were relatively 

wet years. (green) Since then discharge has been lower. (white) But 

most of the years after 2000 have been drought years. (brown)

Bottom line: the river is over-allocated.
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The colored, left side of this graphic shows user priorities for CAP water. 

(The highest priorities are on the bottom.) For example, cities and towns 

and Indian reservations generally have a higher priority than agriculture.

The right side shows various water levels of Lake Mead at which 

particular users are impacted. They are called Tier levels. Red lines 

indicate when restrictions can be expected in the various priority groups. 

As conditions have been changing, so have the Tier level restrictions. 
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The Secretary of the Interior directed the Basin States to formulate a plan 

to save 20% of current water use. In spite of conflicting rights, six of the 

seven states negotiated a preliminary agreement in 2022. But California 

will not “buy in.” California cites its prior appropriation and senior 

partner status.
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Negotiating Colorado River water is similar to a “zero sum game.” In 

order for one state to win, someone else must lose. But it’s even 

worse. The total “pot” (river discharge) is decreasing. The Law of the 

River gives Arizona a weak hand to play with.
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These are the suggested Federal “Bookends,” April 2023:

A. Cut back all Lower Basin states by 25%.

California, the greatest user, would loose the most total water.

B. Base reductions on prior appropriation.

Arizona would experience, by far, the greatest loss.

The final allocations will probably be a hybrid of these two.



So many moving parts:
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1. Yearly variations in weather

2. Climate Change/Global Warming

3. Balancing dozens of reservoirs

4. Department of the Interior policy

5. State and tribal allocations

https://twitter.com/kevinmd/status/1048498169959665664/photo/1
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Part 9

The Bad News and the Good News
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John Wesley Powell cited the 100th meridian as separating the moist 

Eastern climate from a climate requiring irrigation for agriculture.
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Arizona has done 

too good a job of 

convincing people 

it’s a great place to 

move to.
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Population Growth

in the

Intermountain

States

https://gardner.utah.edu/utah-population-achieves-3-million/

Arizona has the fastest population growth among all the US 

Intermountain States. Widespread use of air conditioning in 

the late 20th century had a huge impact on Arizona’s growth.
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Buckeye’s Population Growth and Water Supplies

2000-2050
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Cave Creek’s Population Growth and Water Supplies

2000-2050
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If water in Arizona is kept relatively cheap, conservation of water 

by individual Arizona customers will not be a high priority 

Compare Arizona rates with the largest cities of California.
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Part 10

Solutions
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Basically,

Arizona can’t control economic growth and population.

Arizona can’t control how much water is available.

Arizona (alone) can’t control climate change/global warming.

But we can control how our water is used.
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Xeriscape:

A landscape that does not require irrigation

Irrigation of grass and gardens is most

often the greatest use of household

water in the dry southwest. 
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Regenerative no tilling agriculture (Arizona Republic, March 13, 2023)
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The Cave Creek Vice Mayor organized a water policy seminar in 2021. 

Following the seminar, by early 2023, the Town of Cave Creek has banked 

a one year supply of water. This will give Cave Creek customers “water 

credits” to augment supplies when they are needed in the future. The most 

active banking/recharge sites are located near the CAP aqueduct, north-

west of Phoenix.

The Phoenix water interconnect, now being constructed, will give the town 

water security if our water line up from the CAP canal is interrupted.
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Desalination of sea water is a possible long-term “backup” supply. But 

brine from desalination can harm the aquatic environment. It would take 

10 or more years and the cost could be 10 times the present bulk rate for 

water. Furthermore, we have no ocean coast in Arizona and California 

has told us it won’t desalinate water for Arizona. Mexico is being 

considered to desalinate their portion of the river allocation, leaving more 

for Arizona.
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In 2022, the Arizona legislature passed a bill to establish a long-

term, $1 billion program to explore ways to preserve and increase 

Arizona’s water supplies. Among the options are negotiations, 

desalination and conservation. But specific details are not in it.
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Conservation: The most available water resource is the part we don’t use.
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Part 11

Appendices
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