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ORIGIN OF PERENNIAL YIELD AS BASIS OF 
MANAGEMENT OF NEVADA GROUNDWATER
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UNDERGROUND WATER LAW OF 1939 – NRS 534

• Clarified that all groundwater (GW), 
among other waters of the State, 
belongs to the Public.

• Gave State Engineer (SE) authority to 
manage groundwater.

• Established concept of basins, but did 
not define or delineate the basins.

• Did not establish Perennial Yield (PY) as 
basis for GW management.
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(SE Biennial Report 1938-40, 1940, pg 89)

https://www.leg.state.nv.us/nrs/nrs-534.html
http://images.water.nv.gov/images/publications/biennial%20reports/1940-1942.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1938-1940.pdf
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THE ORIGIN OF PERENNIAL YIELD AS BASIS OF GW MANAGEMENT
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(SE Biennial Report 1940-42, 1942)

(SE Biennial Report 1946-48, 1948, pg 32)

The concept of PY was 
understood at the time by 

SE Alfred M. Smith

Originally referred to as 

‘Safe Yield’

http://images.water.nv.gov/images/publications/biennial%20reports/1940-1942.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1940-1942.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1946-1948.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1946-1948.pdf
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THE TERM PERENNIAL YIELD FIRST APPEARED IN 1960
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(GW Reconnaissance Report 1, 1960, pg 16)

But it was already the 

conceptual basis for limit of 

GW appropriations.

http://images.water.nv.gov/images/publications/recon%20reports/rpt1-Newark_valley.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1946-1948.pdf
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THE SE UNDERSTOOD THE NEED FOR SCIENTIFIC STUDY FOR SAFE

DEVELOPMENT OF NV GROUNDWATER RESOURCES
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(SE Biennial Report 1944-46, 1946)

http://images.water.nv.gov/images/publications/biennial%20reports/1944-1946.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1944-1946.pdf
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THE SE AND NV LEGISLATURE THUS INITIATED THE NEVADA GROUND

WATER PROGRAM WITH THE USGS IN 1945
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(SE Biennial Report 1944-1946, 1946)

http://images.water.nv.gov/images/publications/biennial%20reports/1944-1946.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1944-1946.pdf
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THE EARLY NEVADA GROUNDWATER 
PROGRAM
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THE NEVADA GROUNDWATER PROGRAM

• 1945 – Systematic investigation of 
Nevada GW began.

• 1946 – Beginning of Water Resources 
Bulletin Series

• 1960 – Beginning of Groundwater 
Resources – Reconnaissance Series

http://water.nv.gov/bulletins.aspx

http://water.nv.gov/reconreports.as

px
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EARLY METHODS OF ESTIMATING GROUNDWATER BUDGETS

Discharge Recharge

– Initially assumed equal to discharge

– Maxey – Eakin (M-E) method 
developed in 1949

– M-E method used extensively to 
independently estimate recharge

(Cohen, 1964)

Discharge area x ETg rate = 

Discharge volume (ac-ft/yr) ETg is Groundwater Evapotranspiration
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MAXEY–EAKIN METHOD OF ESTIMATING RECHARGE

Introduced in Bulletin 8

(Hardman, 1936)(Maxey and Eakin, 1949)

Where:

R is M-E recharge,

Pi is annual precipitation band

Ai is area of precipitation band 

and

βi is M-E coefficient

Hardman Precipitation Map
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ESTABLISHMENT OF HYDROGRAPHIC BASINS 
AND PERENNIAL YIELD
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NEVADA’S HYDROGRAPHIC BASIN’S

• Drawn and formalized in 1968.

• Formerly referred to as ‘Hydrographic Area’s’.

• Much GW development has already occurred 
by 1968.

• Many of the Bulletin and Reconn GW 
investigations already completed.

13

(Water Resources-Information Series Report 6, 1968)

http://images.water.nv.gov/images/publications/Information%20series/6.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1944-1946.pdf
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ESTABLISHMENT OF PERENNIAL YIELD

FOR HYDROGRAPHIC BASINS

14

(Nevada’s Water Resources, Planning Report 3, 1971)Roland D. Westergard (1934-2022)

http://images.water.nv.gov/images/publications/water%20planning%20reports/water%20for%20nevada%203.pdf
http://images.water.nv.gov/images/publications/biennial%20reports/1944-1946.pdf
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LIMITATIONS OF PERENNIAL YIELD FOR 
GROUNDWATER MANAGEMENT
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LIMITATIONS OF PERENNIAL YIELD AS BASIS OF GW MANAGEMENT
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John D. Bredehoeft (1933-2023)
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LIMITATIONS OF PERENNIAL YIELD AS BASIS OF GW MANAGEMENT
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Conflict

Groundwater Management Perspective

Source of Water to a Well
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LIMITATIONS OF PERENNIAL YIELD AS BASIS OF GW MANAGEMENT

• PY establishes upper limit for GW 
development.

• To be sustainable, must know: 

– Where recharge and discharge occur. 

– Aquifer properties.

• Pumping needs to be strategically 
located:

– To capture available discharge.

– To avoid conflict with existing rights.

18

3.7

0

Recharge (ft/yr)ETg (ft/yr)
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MOVING BEYOND THE PERENNIAL YIELD WITH 
THE NEVADA WATER RESOURCES INITIATIVE
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NEVADA WATER RESOURCE INITIATIVE – OVERVIEW AND VISION

• 2020’s version of the Nevada 
Groundwater Program.

• Use new technologies and data to 
update science and 
understanding of water resources.

• Re-estimate water budgets

• WHERE water enters and leaves 
our hydrographic basins.

• Develop the resources and tools 
for sustainable management.

20
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NEVADA WATER RESOURCE INITIATIVE – COMPONENTS

Develop Statewide Discharge Datasets: Develop Tools and Approaches for estimating:

21

ETg Recharge

Interbasin Flow

Pumping
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NEVADA WATER RESOURCE INITIATIVE – COMPONENTS (CONTINUED)

Increased Hydrologic Monitoring Application of Methods in Demonstration Basins

22
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NEVADA WATER RESOURCE INITIATIVE – WHO BENEFITS?

• Datasets needed for groundwater models.

• Data and tools will be available to all.

– Municipalities & Water Authorities

– Mines & Industry

– Consultants

– Irrigators/Irrigation Districts

– State & Federal Agencies

– Universities & Schools

– Non-Governmental Organizations

– Public

23
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NEVADA WATER RESOURCE INITIATIVE – SUMMARY

For Water Resource Community

• Updated science and understanding.

• New useful tools and approaches.

• Additional data and resources.

For NDWR

• Perennial Yield will remain important 
constraint for UG appropriations.
– Update of PY when warranted.

– Potential for increase in water availability 
in some basins.

• More effective management of water 
resources (water rights)

• Inform/Reduce existing conflict

• Conjunctive Management

• Sustainable Development of our Water 
Resources

24
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Kip Allander, Hydrogeologist
Division of Water Resources
Phone: 775-684-2853
Email: kallander@water.nv.gov

Contact 

water.nv.gov   l        @NevDCNR
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