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Prior Appropriation Doctrine

• Earliest appropriators have 
the highest priority; “First 
in time, first in right.”

• Water must be put to 
beneficial use without 
waste or speculation.

• Remote uses and transfers 
allowed.

• Right of use can be 
forfeited by non-use.

Presenter Notes
Presentation Notes
The system of Prior Appropriation was eventually embraced by all of the Rocky Mountain states with some variations.  The strength of the system is the certainty in how water is allocated during times of scarcity.



Junior (10 cfs water 
right)

Water Administration Examples

Senior (10 cfs 
water right)

Presenter Notes
Presentation Notes
I thought it might help to understand some simple basics of water administration under the prior appropriation system.   These diagrams are very simplified, but they will show you the kind of information used by water commissioners to regulate a river.   This line diagram shows a river running at 10 cubic feet per second.  1 cfs = about 450 gallons per minute.  The senior has an adjudicated water right for 10 cfs.   The junior for the same amount but his priority date is later.



Senior (10 cfs 
water right)
Gets 10 cfs

10 cfs 

Junior (10cfs 
water right)
Gets 0 cfs

Presenter Notes
Presentation Notes
If there is only 10 cfs in the stream, the junior cannot divert.



Senior (10 cfs 
water right)

Junior (10 cfs  
water right)

12 cfs 

Presenter Notes
Presentation Notes
What happens if there is more water in the river say 12 cfs?  



Senior (10 cfs 
water right)
Gets 10 cfs

Junior (10 cfs 
water right)
Gets 2 cfs

12 cfs

Presenter Notes
Presentation Notes
Junior is able to take 2 cfs.



Senior (10 cfs 
water right)

Junior (10 cfs 
water right)

10 cfs

5 cfs

Return Flows

Presenter Notes
Presentation Notes
Return flows are waters that flow back into the river after it has been diverted.  A water right is for the amount that is actually put to beneficial use. Every water right users are required to be efficient and not waste water.  Some water rights were issued using a “duty of water” rate, i.e. 3.5 cfs to irrigate an acre of land.  Here the junior may divert 10 cfs, but the crops only need 5 cfs so 5 cfs returns to the river.  If the junior diverts all of the 10cfs, 5 will return to river.  Not enough to meet the Senior water right.




Senior (10 cfs 
water right)
Gets 10 cfs

Junior (10 cfs  
water right)
Diverts 4 cfs

12 cfs

2 cfs

Presenter Notes
Presentation Notes
Now let’s say there are 12 cfs in the stream (like the earlier slide, where junior got 2 and senior 10 cfs).  With return flows calculated in,  the Junior can now divert 4 cfs, leaving 8cfs in the river, which then receives return flows enough to meet his 10 cfs water right.  This is very simplified and return flows are not an immediate return to the river so timing issues become involved.  



Law of the River
• Colorado River Compact, 1922
• Boulder Canyon Project Act of 1928
• California Seven Party Agreement
• Mexican Water Treaty, 1944
• Upper Colorado River Basin Compact, 1948
• Colorado River Storage Protection Act of 1956
• Arizona v. California, 1964
• Colorado River Basin Project Act of 1968
• Long Range Operating Criteria, 1970
• Interim Surplus Criteria, 2002
• Interim Guidelines for LB Shortages and Coordinated 

Operations for Lake Powell and Lake Mead, 2007
• Drought Contingency Plans 2019



www.usgs.gov/media/images/colorado-river-basin-map

Upper Basin 
7.5 MAF

Lee Ferry

Lower Basin
  7.5 MAF
+1.0 MAF
   8.5 MAFMexico

1.5MAF

Colorado River Compact, 1922

Presenter Notes
Presentation Notes

Remember Compacts are both federal and state law, approved by Congress and state legislatures.

Compact divides consumptive use of the River (not diversions), Lee Ferry the line between the Basins.   (Lee’s Ferry is location of USGS gage just upstream of Lee Ferry.) Each basin allotted exclusive beneficial use of 7.5 MAF/Y plus 1.0 MAF/Y for the Lower��The Upper Basin required to not cause the flow at Lee Ferry to be depleted below and aggregate of 75 MAF over 10 years.   ��Note that northeastern Arizona is included in the Upper Basin and western NM is in Lower Basin.�
Compact contemplated a Treaty w Mexico and if flows insufficient for treaty delivery, it provided for how basins would make-up the loss.�
Compact expressly protects “present protected rights.”�
AZ did not approve. Compact until 1944 in concession for CAP project
�Compact says nothing in its provisions shall affect U.S. government’s obligations to Indian Tribes.  
��Negotiators worked on basis that normally on the average there was more that 17 MAF/Y in river.  Lawyers and engineers have argued about the credibility of using that base amount.  The latest book by Fleck and Kuhn, “Science Be Dammed,” posits that U.S.G.S had a better handle on actual flows and the decision makers chose to ignore it.




1945 International Water Treaty
• Between U.S. and Mexico on Rio Grande, 

Tijuana and Colorado Rivers. 

• U.S. required to deliver a certain 1.5 
maf/year to Mexico.

• Created the International Boundary and 
Water Commission

www.ibwc.gov/images/MorelosDamaerial.jpg

Presenter Notes
Presentation Notes
Finally, Colorado is also affected by an international Treaty with Mexico.  On the Colorado River and on the Rio Grande, the U.S. guarantees a certain amount of water will be delivered to Mexico.  That water come out first, before shared by the other States.  It is so automatic, that individual water users never really feel it.  There has been a lot of international cooperation with Mexico on the Colorado River of late and I hope to be able to share more of that with you at another time.  



Upper Colorado River Compact, 1948

• % Apportionments to CO, 
NM, UT, WY & 50,000 
AF/yr to AZ 

• Process for curtailment 
of use to comply with 
Colorado River Compact

• Established Upper 
Colorado River 
Commission

Presenter Notes
Presentation Notes
Actual supply depends on water availability.  Not exact number, although states look at it as their due that they get % of 7.5 maf.



1928 Boulder Canyon Project Act
• Ratified CR Compact with 6 

states approval
• Authorized building of 

Hoover Dam and All-
American Canal and other 
features

• Congress apportioned water 
from Lake Mead to Lower 
Basin states: 

• AZ 2.8 maf 
• CA 4.4 maf 
• NV 0.3 maf

Presenter Notes
Presentation Notes
Point out Parker Dam.



State Apportionments

4.4 MAF

0.3 MAF

2.8 MAF

14%
(1.04 MAF)

51.75%
(3.9 MAF)

11.25%
(0.8 MAF)

23%
(1.7 MAF)

+ 50,000 af/year

Presenter Notes
Presentation Notes
Lake Mead constructed to deliver water to LB entities.  Compact allows LB states to take advantage of unused apportionments from other states.  Entities must enter into contracts with Reclamation for delivery of water.  Sec. is the “water master” controlling inflow and deliveries to LB.

Lake Powell is the main bucket to store flows from the UB to ensure UB meeting compact non-depletion requirement at Lee Ferry.  It’s like a savings account.  Unfortunately it is severely depleted today. 



1934 Arizona Navy

Presenter Notes
Presentation Notes
In 1934, the federal government began the Parker Dam construction project to divert Colorado River water to Southern California, but neither the feds nor California got approval from Arizona to build on its land. So, a very unhappy Arizona Gov. Benjamin Baker Moeur declared martial law. 

“The Arizona Navy was a mighty force of two ships," said John Larsen Southard, a local historian. "And they were used to patrol the river and patrol the Parker Dam construction site to ensure that those willy Californians didn’t succeed in building Parker Dam and they’re not taking therefore, Colorado River.”

Southard said the Navy’s fleet was made up of wooden ferry boats that happened to be in the area. Gov. Moeur even named the boats’ owner admiral of this newly formed Navy. Adm. Nellie T. Bush, yes a woman, commanded the ships for two days!  

“He backed up the navy with a deployment of the National Guard Troops from Phoenix

It was 40 riflemen and 20 machine gunners lined up along the Colorado River bank. A reconnaissance mission to make sure construction did not happen on Arizona’s side of the river. It was a show of force until one of the boats got stuck in the water and Californians, you know, the enemy, had to help get it loose.

“His deployment of the navy did cause Secretary of the Interior Ickes to delay construction of the dam, and in fact when dam construction was resumed it was allowed to resume, because Arizona had won a project, an irrigation project to be sponsored by the federal government," Southard said. 

That project was the Gila River Irrigation system. 



Colorado River Storage Protection Act of 1956

Source:  Bureau of Reclamation

• Authorized storage projects 
(including Glen Canyon Dam) to 
assist Upper Basin to meet 
compact obligations

• Established the Upper 
CR Basin fund from 
power revenues

Courtesy of Bureau of Reclamation

Presenter Notes
Presentation Notes
Controversial conversations regarding two of the proposed dams. Edward Abbey (The Monkey Wrench Gang) author and environmental activist opposed two big dams (Echo Park (Utah) and Marble Canyon) in the CR Storage Protection Act.  He gave up his opposition to Glen Canyon Dam in exchange for protecting the Echo Park locale. 

Other dams authorized and now build are Flaming Gorge, Aspinall Unit (Blue Mesa, Morrow Point, Crystal), and Navajo Dam.

Upper CR Basin fund is used for salinity control, endangered species recovery plans on Colorado and San Juan Rivers, and for implementation of the Grand Canyon Protection Act.  






Idaho 

1 Ute Indian Tribe of the Uintah 
and Ouray Reservation 

2 Southern Ute Indian Tribe 
3 Ute Mountain Ute Tribe 
4 Jicarilla A ache Nation 
5 Nava·o Nation 
6 Zuni Tribe 
7 Ho i Tribe 
8 Kaibab Band of Paiute Indians 

JJ . 
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Phoenix• 23 

Lower Basin 2A 
25 

11 Shivwits Band of Paiute 
Indian Tribe 

12 Moapa Band of Paiute 
Indians 

13 Las Vegas Tribe of 
Paiute Indians 

14 Fort M ave Indian Tribe 
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Arizona 5 

18 
19 
20 
21 
22 

VVyorning 

Colorado 

5 • Albuquerque 

New Mexico 

23 Salt River Pima-Maricopa 
Indian Community 
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25 Ak-Chin Indian Communit 
26 Quechan Indian Tribe 
27 Coco ah Indian Tribe 
28 Tohono O'odham Nation 
29 Pascua Ya ui Tribe 



Arizona v. California
• United States Supreme Court original jurisdiction case 

decided in 1964

• Determined Congressional apportionments for Lower 
Basin states

• Determined federally reserved water rights for five tribes 
– water to come from home state’s apportionment

• Determined Secretary to charge consumptive use to 
Lower Basin states at the point of delivery (at the 
headgate)

• Distributed surplus water: 50% CA, 46% AZ, 4% NV

Presenter Notes
Presentation Notes
Also allowed unused water from one LB state to be used in another. (CA took advantage as grew faster than AZ).  This means that Reclamation has been delivering over 9 MAF/Y to the LB.  LB is not charged for evaporation and delivery losses.  Controversial between two basins.  

There are 30 recognized Tribes in the Colorado River Basin.  CO  has two:  Ute Mountain Ute and Southern Ute Tribes.  Many Tribes have not been able to adjudicate their federally reserved water rights.  Under an early 1900’s US Supreme Court Case, the US reserved the amount of water necessary to live on the reservation with priority date the date the reservation was made.  Much uncertainty still exists regarding their water rights on the CR.  





Colorado River Basin Project Act of 1968

• Authorized Central Arizona 
Project

• Water supply junior to CA 
compact rights

• Coordinated operation of federal 
storage projects (602 (a) storage)

• Directs Sec. of Interior to create a 
yearly consumptive uses and 
losses report on state-by-state 
basis

• Requires Sec. to develop “Long 
Range Operating Criteria LROC) 
for the CR reservoir systemCourtesy of Bureau of Reclamation

Presenter Notes
Presentation Notes
The UB keeps a separate accounting of consumptive uses and losses in an effort to even the playing field since LB not charged for evap and delivery losses.  

Long Range Operation Criteria  LROC developed in 1970 considered one of the “laws of the river”



Central Arizona Project
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Presenter Notes
Presentation Notes
The 336 mile-long canal��
Central Arizona Project delivers water to Maricopa, Pinal and Pima counties, serving more than 5 million people, or more than 80% of the state’s population.

Municipal and industrial: CAP delivers “raw” water to cities and water utilities that then treat the water they deliver to stakeholders.
Agricultural: CAP’s agricultural water users are primarily large irrigation districts that deliver water to farmers. The majority of CAP water is used for agriculture.
Native American Tribes: Through a contract with the U.S. Department of the Interior, CAP delivers water to Native American Tribes in central and southern Arizona. The tribes may use their water in their community or lease it to others.

To get to Phoenix and Tucson, the aqueduct muscles its way 2,400 feet uphill, tunneling through mountains and even flowing underground as it delivers 1.5 million acre-feet of Colorado River water every year from Lake Havasu to the Valley and on to Tucson. Its 13 massive, round-the-clock pumping stations are immensely powerful, and make the CAP Arizona’s top consumer of electricity. The Colorado River delivers about half the water the Valley uses each year via the CAP, though the distribution, storage, swapping, lending, crediting and debiting that goes on would make William Mulholland’s head hurt. The financial analogies are all too real – Arizona operates a state Water Bank to keep track of it all. CAP water goes to contracted users in Maricopa, Pinal and Pima counties, which include a dozen Native American communities, municipalities, industry and development interests. The biggest user though is agriculture.��Read more at: https://arizonareport.com/central-arizona-project-cap-canal-history/



Drought

www.usbr.gov/uc/water/crsp/studies/images/PowellForecast.png



2007 Interim Guidelines
• Interim implementation of 

amended LROC expires in 2025

• Sets criteria for shortages in the 
LB  (California sees no shortages, 
Arizona takes biggest hit)

• Creates a mechanism for a LB 
water bank (intentionally created 
surplus).

 Coordinating criteria for 
operations between Lake Powell 
and Lake Mead (protects UB from 
a LB call).

Presenter Notes
Presentation Notes
Secretary of Interior Gale Norton (former CO AG) saw a train wreck headed her way and threatened the states to take control of the river unless they produced an interim plan.  18 months later, plan presented to Secretary, NEPA done and adopted. 

Powell has released 9 MAF or more in seven of the 12 years since the 2007 Interim Guidelines






Balancing Tiers
Lake Powell Lake Mead 

Elevation Operation According Live Storage Elevation Operation According Live Storage 
(feet) to the Interim Guidelines (maf)' (feet) to the Interim Guidelines (maf)' 

3,700 24.3 
Equalization Tier 

Equalize, avoid spills, 
or release 8.23 maf 

1,220 
Flood Control Surplus or 

25.9 

Quantified Surplus Condition 
Deliver > 7.5 maf 

1,200 ■ ---------------· 22.9 
3,636-3,666 ·---------------· 15.5-19.3 
(2008-2026) (2008-2026) 

Upper Elevation Balancing Tier3 

(approx.)2 
Domestic Surplus or 

(approx.)2 

ICS Surplus Condition 
Delive r > 7.5 maf 

Release 8.23 m af; 
if Lake Mead < 1,075 feet, 1,145 111 ---------------· 15.9 

balance content s w ith 
a min/ max release of Normal or 

7.0 and 9.0 maf ICS Surplus Condition 
Deliver ~ 7.5 maf 

3,575 
111 ---- - - - ------ - - • 

9.5 
1,075 ■ - - - - - - - - - - - - - -- I 

9 .4 

Mid- Elevation Release Tier Shortage Condition 
Release 7.48 maf; Deliver 7.1674 maf 

if Lake Mead < 1,025 feet, 
release 8.23 maf 

1,050 ■ - - - - -- -- - - - - - -- • 
7.5 

Shortage Condition 

3,525 ·---------------· 5.9 
Deliver 7.0835 maf 

1,025 ■ ---------------· 5.8 

3,490 Lower Elevation Balancing Tier 4.0 

Balance contents w ith 

1,000 
Shortage Condition 4.3 

Deliver 7 .06 maf 
a min/ max release of 

7.0 and 9 .5 maf Further measures may 
be undertaken7 

3,370 0 895 0 

Diagram not to scale 
1 Acronym for mi llion acre-feet; 
2 This elevation is shown as approximate as it is d etermined each year by considering several factors including Lake Powell and Lake Mead storage, projected Upper Basin demands, 

and an assumed inflow; 3 Subject to April adjustments w hich may result in a release accord in 
4 O f wh ich 2.48 maf is apportio ned to Arizona, 4.4 maf to California, and 0.287 maf to Nevada 
5 Of w hich 2.40 maf is apportioned to Arizona, 4.4 maf to California, and 0.283 maf to Nevada 
6 Of w hich 2.32 maf is apportio ned to Arizona, 4.4 maf to Cal ifornia, and 0.280 maf to Nevada 
7 Whenever Lake Mead is below elevation 1,025 feet, t he Secretary sha ll consider w hether hyd 

g to the Equalization Tier; 

rolog ic cond itions together w ith anticipated deliveri es to the Lower Divison States and 
Mexico are likely to cause the elevation at Lake Mead to fall below 1,000 feet. Such conside rat io n, in consultation w ith the Basin States, may resu lt in t he undertaking of fu rther 
measu res, consistent w ith applicable Federal law. 



Drought/ Aridification

Lake Powell
Source:  Bureau of Reclamation

Lake Mead
Source:  Public Domain

Presenter Notes
Presentation Notes
I earlier mentioned the important roles of Lakes Mead and Powell.  Mother Nature has taken her toll on the river system over the last 2 decades.  These slides show the decrease of storage. Streamflow dropped 20% since 1900
The drought is the second worst 20-year period in the past 1,200 years, according to Udall




2019 Drought Contingency Plans

Lower Basin DCP
• Increased shortage provisions
• Incentives to bank in Mead
• Recognizes need to address LB 

overuse

Upper Basin DCP
• Drought Response Operations Agreement

• Demand Management Storage Agreement

• Weather modification

Presenter Notes
Presentation Notes
Each basin developed contingency plans.  Stricter shortages for the LB GO TO NEXT SLIDE

Voluntary demand management explored by upper basin states and UCRC

Weather mod.
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Presenter Notes
Presentation Notes
Drought Response Operations- released 661,000 AF
��




International Cooperation

• Minute 319:  
• Mexico agrees to share in shortage; 
• U.S agrees to share in surplus; 
• International environmental projects 

including experimental pulse release to 
move water to the Lower Colorado River in 
Mexico.

• Minute 323:  
• Mexico agrees to further shortage;
• Contingent on execution of L.B. drought 

contingency plan.

Presenter Notes
Presentation Notes
Because of the drought’s severity, Reclamation and the basin states began discussions with Mexico to participate in drought operations of the river.  Mexico had its own agenda of pursuing international environmental projects.  The negotiations led by representatives of the U.S. and Mexico portions of the International Boundary and Water Commission.

Already noted the Treaty.   Implementation of the  treaty requires agreements between the two countries.  These are documented as Minutes to the Treaty..  Success in Minutes 319 and 323.



2007 Interim Guidelines, Minute 323, Lower Basin Drought Contingency Plan, 
and Bi national Water Scarcity Contingency Plan 

Total Volumes (kaf) 

Bi national 
Combined Volumes by Country 

2007 Interim Minute 323 Total DCP Water Water 
US: (2007 Interim Guidelines Shortages+ 

Total 
Guidelines Delivery Combined Savings Scarcity 

DCP Contributions) 
Combined 

Mexico: (Minute 323 Delivery Reductions+ 
Lake Mead 

Shortages Reductions Reductions Contributions Contingency 
Binational Water Scarcity Contingency Plan 

Volumes 

Elevation 
Plan Savings 

Savings) 
(feet msl) 

Lower Lower Lower 

AZ NV Mexico 
Basin 

AZ NV CA Mexico 
AZ NV CA Basin Mexico Basin 

States+ Total Total Total States Total States+ 
Mexico Total Mexico 

1,090 - 1,075 0 0 0 0 192 8 0 41 192 8 0 200 41 241 

1,075 - 1050 320 13 50 383 192 8 0 30 512 21 0 533 80 613 

1,050 - 1,045 400 17 70 487 192 8 0 34 592 25 0 617 104 721 

1,045 - 1,040 400 17 70 487 240 10 200 76 640 27 200 867 146 1,013 

1,040 - 1,035 400 17 70 487 240 10 250 84 640 27 250 917 154 1,071 

1,035 - 1,030 400 17 70 487 240 10 300 92 640 27 300 967 162 1,129 

1,030 - 1,025 400 17 70 487 240 10 350 101 640 27 350 1,017 171 1,188 

<1 ,025 480 20 125 625 240 10 350 150 720 30 350 1,100 275 1,375 

Presenter Notes
Presentation Notes
Note CA didn’t take shortages under guidelines.

No shortages until last year.  Stricter shortages next year.



Department of the Interior Announcement

• Threat to States in June- plan to 
reduce deliveries by 2-4 maf

• Upper Basin response

• Lower Basin unable to agree (called 
feds bluff?)

• Sec. institutes shortages against AZ 
and NV pursuant to interim 
guidelines

• Commitment to conserve from major 
municipalities

Presenter Notes
Presentation Notes
Upper Basin 5 point plan

Seek amendment and reauthorization of the System Conservation Pilot Project legislation originally enacted in 2014. 
Commence development of a 2023 Drought Response Operations Plan (2023 Plan) 
Consider an Upper Basin Demand Management program as interstate and intrastate investigations are completed.
Implement, in cooperation with Reclamation, the Bipartisan Infrastructure Law for Upper Basin Drought Contingency Plan funding to accelerate enhanced measurement, monitoring, and reporting infrastructure to improve water management tools across the Upper Division States. 
Continue strict water management and administration within the available annual water supply in the Upper Division States, including implementation and expansion of intrastate water conservation programs and regulation and enforcement under the doctrine of prior appropriation.

Commitment to conserve letter: Aurora Water Colorado Springs Utilities Denver Water Metropolitan Water District of Southern California Pueblo Water Southeastern Colorado Water Conservancy District Southern Nevada Water Authority;



Congress to the Rescue!
Money

         to

     Uphill

   Flows  

Water

$4 billion of drought relief with priority to 
Colorado River

Presenter Notes
Presentation Notes
Inflation Reduction Act



FAQ

• What happens if UB doesn’t meet 75maf/10 years?  
Can the Lower Basin put a call on the River?

• Is the Upper Basin responsible for risks from 
climate change?

• What is the structural deficit and how did it 
happen?

• Do we need to change the Compacts?

• How do the Tribes on the River figure into all this?



Water Budget ,at Lake Mead 

Given basic apporti,onments in the Lo,wer Basin, the 
allotment to, Mexic,o, and an 8.23 maf release from Lake 
P,owell, Lake Mead storage declines 

■ lnfl,ow 
(release fro,m Po,well + side inflo,ws) 

■ Q,utflo,w 
(AZ, CA, NV, and Mexico delivery 

= g,_o maf 

= - 9.6 maf 

+ do,wnstream regulatio,n and ,gains/lo,sses) 
■ Mead evap,oration loss = - 0.6 maf 
■ Balance = - 1.2 maf 

Data based on long-term averages 

RECLAMATION 



Other Questions?
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