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Glossary 

Application (water right) All water in Oregon belongs to the public. Consequently, a water 

user must apply and obtain a permit from the Oregon Water 

Resources Department before authorized water use can occur, 

excepting some use types exempt from needing a permit under 

Oregon law. 

Authorized Duty The maximum volume of water allowed per acre of land for the 

irrigation season, which is defined within each water right. The 

authorized volume should be sufficient to meet the water demand of 

most crops. 

Assigned Duty The volume of water used in this study (often less than the 

authorized duty) to estimate pumpage based on actual or assumed 

irrigation method and crop water requirements as determined by 

Beamer and Hoskinson (2021). 

Beneficial Use A reasonably efficient use of water without waste for a purpose 

consistent with state law. 

Certificate (water right) After a water user completes development of their water system and 

satisfies all of the conditions of their permit, they may be issued a 

water right certificate. It is also known as the ñperfectedò water right 

and is valid as long as water is used according to the provisions of 

the water right at least once every five years. 

Claim (water right) If water was used prior to the 1909 water code and has been used 

continuously since then, the water user can make a claim to that 

water by a certain deadline. The claim then goes through the 

adjudication process that may end in a decree from the county circuit 

court stating who has a legal right to use this water. OWRD then 

issues water right certificates for decreed rights. 



 

 x 

Claim of Beneficial Use A survey of water use conducted by a certified water rights examiner 

to prove that the permit holder has met the conditions of the permit 

so that they may obtain a water right certificate. 

Completion Date A date specified in a water right permit that marks the deadline for 

a permit holder to submit their Claim of Beneficial Use. 

ET Fields Boundaries for actively irrigated fields within the GHVGAC for 

1991-2018 identified and assigned an estimate of groundwater 

pumpage based on evapotranspiration by Beamer and Hoskinson 

(2021). 

Evapotranspiration The combined process of evaporation of water from the ground and 

transpiration of water from plants. 

Multi -Part Feature A single spatial object composed of multiple shapes.  

Permit (water right) A permit is issued by the Water Resources Department to use water 

after reviewing an application for non-exempt water uses. The water 

user then develops their permit within a specified time frame and 

complies with the conditions on the permit before being issued a 

certificate. 

Permit Amendment A type of transfer that is used to change the point of diversion, point 

of appropriation, place of use, or type of use when the use is 

authorized by a water right permit.  

Place of Use The authorized area or location to which water can be applied under 

a water right. There can be multiple places of use on a single water 

right. 

Point of Appropriation The authorized point at which water is extracted (ñappropriated") 

for use; usually a well, spring, or sump. 

Priority Date The date assigned to a water right used to compare the seniority of 

a water right against other water rights in order to apply the doctrine 

of prior appropriation, which forms the basis of water law in 



 

 xi 

Oregon. It is usually the date the application was filed, stamped 

received by the Water Resources Department. 

Public Land Survey System A survey developed in the United States to divide property for 

ownership and sale. 

Pandas Dataframe A two-dimensional data structure made up of rows and columns that 

is treated as an object for use in python programming. 

Python An open source computer programming language that supports 

structured, object-oriented, and functional programming paradigms. 

Shapefile A file format used to store geometric location and attribute 

information for geographic features represented by points, lines, or 

polygons. 

Snapshot An identifier used in a Water Resources Department water rights 

relational database table to distinguish different stages during the 

evolution of a water right (i.e. application stage, permit stage, 

certificate stage, etc.). 

Sump A wide, shallow hole within which groundwater is sought or 

encountered. 

Timestep This study utilized 240 timesteps to represent groundwater pumpage 

through time (one month each for 20 years between 1930 and 2018).  

Transfer (water right) A transfer may be used to change the point of diversion, point of 

appropriation, place of use, or type of use when the use is authorized 

by a water right certificate unless the type of transfer is a permit 

amendment, which may be used to modify a permit.   

Water Right Family A collection of water right snapshots makes up a ñfamilyò that 

shows all stages of a water right or water rights that evolved from 

the same application or claim. 

Well In this study, ñwellò usually refers to a water supply well, which is 

a constructed hole in the ground used to extract (appropriate) water 
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for use. An occasional reference to ñinjection wellsò refers to a 

constructed hole in the ground into which water is injected to add 

water to groundwater. 

Well Log ID A Water Resources Department relational database table identifier 

used to distinguish individual drillerôs reports (well reports) 

submitted to the Department. The Log ID identifier is a compound 

alpha-numeric key consisting of a four-letter county code followed 

by a sequential number. 

Well Report A drillerôs report of original or subsequent work conducted at a well, 

including construction, lithologic, water-bearing, owner, and 

location information. 

Well-Specific Rate If multiple wells are associated with a single water right, each 

individual well may be assigned individual maximum rates at which 

the well may pump water. If no individual rate is specified, all wells 

on the water right are assigned the total maximum rate authorized 

by the water right (no single well or combination of wells is 

authorized to exceed the maximum rate). 

Well Tag (Number) A label with a unique number attached to a well as part of the Well 

Identification Label Program that began in 1996. Well tags are often 

required as a permit condition before a certificate can be issued. 
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Abstract 

This report describes the methods used to estimate groundwater pumpage for irrigation 

and non-irrigation purposes from wells in the Harney Basin of southeastern Oregon for 1930-

2018. The estimates are intended to be pumpage input for a numerical groundwater flow model 

being developed by the U.S. Geological Survey (USGS) to further understand groundwater flow 

in the Harney Basin. The final pumpage estimates were determined by using three different 

methods for three subsets of available data. The first two methods estimate groundwater 

pumpage for irrigation and the third method estimates pumpage for non-irrigation uses. Method 

1 uses and builds upon the Beamer and Hoskinson (2021) field-scale monthly groundwater 

pumpage estimates based upon monthly field-scale evapotranspiration (ET) within the Greater 

Harney Valley Groundwater Area of Concern (GHVGAC) during an assumed May through 

September irrigation season for 13 selected calendar years, 1991 through 2018. Method 1 assigns 

the field-scale pumpage values to point locations (wells) based on (a) existing water right points 

of diversion, where available, or (b) point locations at the field centroid. Given the USGS 

groundwater flow model includes years prior to and a geographic area larger than the scope of 

Beamer and Hoskinson (2021), Method 2 uses water right information to estimate groundwater 

pumpage for irrigation for the entire USGS groundwater model extent for the 1930-1990 period 

and for the area outside the GHVGAC for the 1991-2018 period. The Method 2 estimates are 

then corrected by using a comparison to the Method 1 estimates within the GHVGAC for the 

1991-2018 period. Method 3 estimates January to December non-irrigation groundwater 

pumpage for the entire model extent and for the entire 1930-2018 period using the methodology 

described in Grondin (2021). Final pumpage estimates for input into the USGS groundwater flow 

model combined the results from the three methods.  

Boundaries for actively irrigated fields within the GHVGAC for 1991-2018 identified by 

Beamer and Hoskinson (ET fields) were tied automatically to mapped water right places of use 

(POUs) in ArcMap by spatial join, and these correlations were further tested by applying time 

constraints relative to when water was assumed to be in use according to the water rights 

database (WRIS) (OWRD, 2022b) with a 95% correlation rate based on spatial join. After 

applying time constraints (removing ties to water rights that were not valid during the time 
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period that the ET field appeared in the actively irrigated field coverage), the number of ET 

fields that were correlated to water rights was 68%, accounting for 70-74% of irrigated acres and 

72-92.5% of observed water use for 1991-2018.  

Final estimates incorporated Method 1 and Method 2 values according to location and 

time period. Within the entire model extent, the final estimation of pumpage increases from 14 

acre-feet in 1930 to 63,000 acre-feet in 1990 and 160,000 acre-feet in 2018. One hundred percent 

of estimated pumpage occurred within the GHVGAC in the 1930 and1940 timesteps, and 

percentages between 1950 and 2018 range from 85% to 97% irrigation within the GHVGAC. 

Non-irrigation groundwater use was the largest proportion of the total use estimates from 1930 to 

1950, after which the irrigation water use proportion rapidly grew to dominate the total use 

estimates. Non-irrigation use shows heavy influence by commercial-industrial uses, mostly 

related to the opening and closures of large lumber mills in the 1930s and 1980s, respectively. 

Consumptive non-irrigation groundwater use ranged from 1,218 acre-feet in 1930 to 11,742 acre-

feet in 1980 for the entire model extent, then dropped down to 3,616 acre-feet in 1990, then 

increased to 5,166 acre-feet in 2018. Total groundwater pumpage within the expected model 

boundary show that non-irrigation uses made up 99% of groundwater use in 1930 but decreased 

to 4% by 2018. Total groundwater pumpage was estimated at 1,300 acre-feet in 1930, which 

increased to 64,000 acre-feet in 1991 and 160,000 acre-feet in 2018 (any apparent discrepancies 

are due to rounding).  
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1.0 Introduction 

This report presents the methods and results used to estimate groundwater discharged 

(pumped) from wells for various uses in and around the Harney Basin in southeast Oregon 

during the 1930-2018 period. This work is part of a multi-year joint U.S. Geological Survey 

(USGS) and Oregon Water Resources Department (OWRD) study intended to define the basinôs 

groundwater system, water budget, and response to groundwater development. The primary 

purpose of the well discharge estimation effort is to provide input for a numerical groundwater 

flow model being developed by the USGS to further understand groundwater flow in the Harney 

Basin.  The effort required using three methods to sufficiently address the various groundwater 

uses and the entire expected USGS groundwater model aerial extent and time period.  This report 

presents each method in separate sub-sections within the ñMethodsò section 

This work used two main sources of data for irrigation groundwater pumpage estimates. 

The first set was groundwater discharge estimates determined by Beamer and Hoskinson (2021) 

based on evapotranspiration for the Greater Harney Valley Groundwater Area of Concern 

(GHVGAC) for the 1991-2018 period. Water right information was then used to expand the area 

of interest to cover the entire expected USGS groundwater model extent and to extend the time 

period back to 1930. The use of water right information in determining irrigation groundwater 

pumpage brought forth a secondary objective of this effort, which includes identifying the 

limitations of the current OWRD water right information system (WRIS) and its appropriateness 

for estimating pumpage by comparing water-right-derived pumpage estimates with estimates by 

Beamer and Hoskinson (2021). 

2.0 Objective and Scope 

This report serves two purposes. The first and primary purpose is to provide supporting 

documentation for the groundwater pumpage inputs for the USGS groundwater flow model for 

the Harney Basin by detailing the methods used to derive those inputs and reporting the results. 

The secondary purpose is to provide thorough documentation on the methods and limitations of 

using existing water right data in estimating water use to inform any future similar efforts, 

primarily for those wishing to use OWRDôs databases.  
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This report describes the methods used to estimate groundwater pumpage for irrigation 

and non-irrigation uses from wells in the Harney Basin of southeastern Oregon for 1930-2018. 

The final estimates were determined by using three different methods for three subsets of 

available data. Method 1 builds upon the field-scale monthly estimated groundwater pumpage 

derived from evapotranspiration (ET) by Beamer and Hoskinson (2021) during selected calendar 

years during the 1991-2018 period for an assumed irrigation season of May through September. 

They utilized a satellite-based evapotranspiration (ET) model showing current and historical 

water use, groundwater pumpage, and irrigated acreage estimates for the GHVGAC. This work 

related these ET-based estimates for identified fields to specific water wells supplying the 

groundwater assumed to irrigate those fields and discusses the difficulties around relating water 

right information to remotely-sensed irrigated field boundaries. Method 2 uses water right 

information to estimate groundwater pumpage for irrigation for the entire USGS groundwater 

model extent for the 1930-1990 period and for the area outside the GHVGAC for the 1991-2018 

period in the absence of wide-scale, high quality remotely sensed data (OWRD, 2022b). 

Reported water use information was used where available for a limited number of wells starting 

in 1990 (OWRD, 2022d). Method 3 estimates January to December non-irrigation groundwater 

pumpage for the entire expected model extent and for the entire 1930-2018 period using the 

methodology described in Grondin (2021). Final pumpage estimates merged the results from the 

three methods. 

In the Harney Basin, groundwater pumpage for irrigation has increased significantly from 

1991 to 2018, with irrigation making up 97 percent of uses for water pumped from groundwater 

sources for 2017-2018 (Garcia and others, 2021). Estimates of groundwater consumed and 

returned to the groundwater system from irrigation uses was not estimated as part of this effort, 

as it is expected to be included separately as a model input.  

Non-irrigation water uses include public municipal, public and private community, rural 

domestic, livestock, and commercial-industrial supply (Grondin, 2021). Non-irrigation 

groundwater use was estimated using the methods described in Grondin (2021) applied to a 

larger geographic area (the entire expected model extent) and for a longer time period (1930-

2018). Groundwater discharge consumed versus returned to the groundwater system varies 

significantly from 100% consumed to 100% returned depending upon the non-irrigation use.  

Consequently, the groundwater pumpage estimates accounting of the groundwater consumed 
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versus returned depends upon the type of non-irrigation use and is summarized by use in the 

ñMethod 3ò (non-irrigation use) section.  

3.0 Geographic Area 

The Harney Basin encompasses 5,243 square miles in southeast Oregon and is located 

primarily in northern Harney County and overlaps the north portion of the Malheur Lake 

Administrative Basin (Figure 1). Most development in the basin is in the informally named 

ñGreater Harney Valley Groundwater Area of Concern,ò which is a 2,410 square-mile area that 

includes Harney Valley and the Silver Creek and Donner und Blitzen River valleys that is 

defined in rule (GHVGAC, OAR 690-512-0020).. The GHVGAC is the study area used in 

Beamer and Hoskinson (2021) and was delineated using twelve-digit hydrologic units from the 

USGS Watershed Boundary Dataset (WBD) selected from the lower elevation portions of the 

upland flanks facing the valleys (U.S. Geological Survey and U.S. Department of Agriculture, 

2013). As of 2015, there were an estimated 95,821 permitted acres of both primary and 

supplemental irrigation groundwater rights in Harney Basin, with only 138 permitted acres, or 

0.1 percent, outside the GHVGAC (Oregon Water Resources Department, 2015).  

https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=180246
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Figure 1.  Locations of Harney County, Malheur Lake Administrative Basin, Harney Basin, and Greater 
Harney Valley Groundwater Area of Concern (GHVGAC). 

Within the GHVGAC, alfalfa and grass hay are the principal crops irrigated, with 

marginal amounts of spring and winter grains and mint (US Department of Agriculture National 

Agricultural Statistics Service, 2018). The typical growing season is May through September 

(Beamer and Hoskinson, 2021). Agricultural fields are irrigated with primary and supplemental 

water rights, designated in WRIS (Oregon Water Resources Department, 2022b). A primary 

water right is the principal water supply for the authorized (usually permitted, certificated, or 

claimed) use, and a supplemental water right is any additional appropriation of water used to 

make up a deficiency in the supply from an existing (primary) water right. Fields irrigated with 

pumped groundwater only are predominantly irrigated with a primary groundwater right and 

fields irrigated with a combination of surface and groundwater are generally irrigated with a 

primary surface water right and a supplemental groundwater right.  

The expected USGS groundwater model extent is a 11,270 square-mile box around 

Harney Basin (Figure 2), extending from Malheur National Forest to the north and Steens 

Mountain to the south. The western and eastern boundaries are several miles outside the furthest 

extent of Harney County. 
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Figure 2. Extent of the USGS groundwater flow model and the GHVGAC boundary used by Beamer 
and Hoskinson (2021). 
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4.0 Previous Groundwater Use Estimates 

Published information regarding historical groundwater use for irrigation in the Harney 

Basin is very limited. Estimates for the early 1930ôs can be found in Piper and others (1939) for 

irrigation wells in the Silvies Subarea. Nineteen1 of the wells listed in that report are identified as 

irrigation wells, but only four2 could be tied to water rights by this current study through research 

into OWRD water right files. Seven3 of the nineteen had reported water use, three4 of which 

could be tied to water rights. An additional nine non-irrigation wells5  listed in that report could 

be tied to irrigation water rights [Note: wells may have multiple uses and the uses may change 

over time]. For 1931, Piper and others (1939) estimated about 710 acres of alfalfa and cereals 

were being irrigated by groundwater, with an estimated consumptive use of 18 to 32 inches 

(1,065 to 1,893 acre-feet). The total reported pumpage during 1931 from six6 irrigation wells in 

the Silvies Subarea was 621 acre-feet (Piper and others, 1939). 

The next published estimate of groundwater use for irrigation was by Leonard (1970), 

who used power company records to estimate groundwater irrigation in Harney Valley at about 

10,700 acre-feet in 1968 and 7,900 acre-feet in 1969, noting that 1968 was a drier year. He 

estimated that in 1968 about 12,000 acres were covered by groundwater rights (about 5,000 acres 

primary and about 7,000 acres supplemental), but about 9,200 acres were actually irrigated 

(including ña few hundred acres for which no water right was on file at that timeò) by 85 wells.  

The USGS periodically publishes water use estimates for the United States as Circulars 

using a census of irrigated acres and national coefficients for crop water requirements. State-

level data for 1950-1980 and county and hydrologic unit-level data for 1985-2015 are available. 

Cooper (2002) compared the 1985 census of total acres irrigated within hydrologic units in 

Oregon to the total acres authorized by water right within the same units and noted the actual 

acres irrigated ranged from 40 to 75 percent of the authorized acres for the state (nearly 50 

 
1 Nos. 35, 39, 56, 64, 65, 74, 94, 95, 112, 143, 145, 169, 210, 313, 332, 333, 334, 344, and 348 
2 Nos. 64, 65, 94, and 143 
3 Nos. 56, 64, 65, 74, 94, 95, and 112 
4 Nos. 64, 65, and 94 
5 Nos. 5, 24, 30, 17, 25, 26, 37, 96, and 206 
6 Nos. 56, 64, 65, 94, 95, and 112 
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percent within the Silvies River unit), indicating that growers may not be using their water rights 

to their fullest extent. Cooper further noted that only 43 percent of water diverted in Oregon for 

irrigation in 1990 was actually consumptively used by crops.   

Beamer and Hoskinson (2021) used a satellite-based evapotranspiration (ET) model to 

estimate groundwater and surface water irrigation use for the GHVGAC for select years within 

the 1991-2018 period. They estimated that groundwater pumpage was about 54,000 acre-feet in 

1991 and increased to 150,000 acre-feet in 2017. They determined that 70 percent of the water 

pumped went to ET, 20 percent to wind drift and evaporation, and 10 percent to runoff and deep 

percolation.  

Grondin (2021) estimated the net groundwater pumpage for all non-irrigation uses for the 

entire Harney Basin after 1999 to be 6,037 acre-feet per year (6,937 acre-feet per year total 

pumped minus 900 acre-feet per year returned to groundwater).  

5.0 Methods  

5.1 Overview of Methods and Final Output 

This report describes the methods used to estimate groundwater pumpage for irrigation 

and non-irrigation purposes from wells in the Harney Basin of southeastern Oregon for 1930-

2018. The estimates are intended to be used for pumpage input for a numerical groundwater flow 

model being developed by the U.S. Geological Survey (USGS) to further understand 

groundwater flow in the Harney Basin. The final pumpage estimates were determined by using 

three different methods for three subsets of available data. The first two methods estimate 

groundwater pumpage for irrigation and the third method estimates pumpage for non-irrigation 

uses.  

Method 1 aimed to take groundwater pumpage determined by Beamer and Hoskinson 

(2021) and apply their pumpage estimates to wells. Groundwater pumpage for model inputs 

substituted other available data in cases where this information was not available in order to have 

a complete record of pumping for the desired time period (1930-2018) and the entire expected 

USGS groundwater flow model extent (Method 2). In determining the proper method for 

estimating groundwater pumpage for irrigation in the absence of evapotranspiration data, a study 
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by Cooper (2002) was examined. Cooper (2002) discusses four methods of estimating irrigation 

consumptive use: 1) Multiplying acres permitted by permitted duty (Cooper #1), 2) Summing 

permitted maximum rates of diversion for water rights (Cooper #2), 3) Summing actual 

diversions (Cooper #3), and 4) Counting the actual number of acres irrigated and crops grown 

and estimate based on crop water requirements (Cooper #4). The estimates from Beamer and 

Hoskinson (2021) most closely fit Cooper #4, which was the method selected for the Cooper 

(2002) study. Cooper #3 is the ideal situation for estimating groundwater pumpage and was 

available to some extent through the water use reporting program, which began in 1990 but was 

not universally applied. 

A computer program was developed to generate a list of irrigation wells and their 

estimated pumpage during 240 timesteps (listed in Table 1) within the expected USGS 

groundwater model extent using several data sources. The program developed for this project 

used Python 2.7 with an arcpy module, which was run through ArcMap for Desktop version 

10.8.2. The program also called upon several Structured Query Language (SQL) queries to 

obtain information from OWRDôs databases, which were then processed using a combination of 

pandas and arcpy modules within the Python script.  

Table 1. Groundwater pumpage was estimated monthly for each of 20 selected years from 1930 to 
2018, 240 timesteps in total. Irrigation use was limited to the May through September months 
whereas non-irrigation was estimated year-round. 

Historical (1930-1990) Beamer and Hoskinson (2021) Selected Years (1991-2018) 

1930 1991 2011 

1940 1992 2014 

1950 1994 2015 

1960 2000 2016 

1970 2001 2017 

1980 2005 2018 

1990 2009  

 

Figure 3 shows a decision tree for what type of well pumpage estimate was used for 

irrigation uses depending on location and time period. Final well pumpage estimates for 1991-

2018 for the GHVGAC were taken from water use assigned to ET fields by Beamer and 

Hoskinson (2021; Method 1). Estimates outside the GHVGAC for 1991-2018 and for the model 

extent for 1930-2018 were taken from water right authorized water use and were replaced with 
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reported water use from WRIS (OWRD, 2022b) where available (Method 2). A field was 

correlated to one or more existing irrigation wells where possible (Method 1a) and otherwise was 

assigned a synthetic well at the centroid of the field (Method 1b). Existing wells were assigned 

construction information taken from the well reports database (GRID) and the groundwater 

database (GWIS) (OWRD, 2022e and 2022a). User-reported water use, where available, 

replaced the WRIS-based estimates because it is assumed to be more reliable than acreage and 

duty but has its own uncertainties related to accuracy of the measuring equipment. Uncertainties 

in the reported water use data was not assessed as part of this analysis. The resultant dataset was 

then corrected based on a quadratic regression equation determined through a comparison with 

the ET field-based estimates for the GHVGAC, 1991-2018. 

Because groundwater use for irrigation estimates from Beamer and Hoskinson (2021) are 

limited to select years between 1991 and 2018 and pre-1990 water use reporting and remote 

sensing methods were not available, water use prior to 1991 was estimated using WRIS. All 

estimates were subsequently converted into cubic feet per day (ft3/d) for the entire irrigation 

season (May to September) for use in the groundwater flow model. For a well to be assigned to a 

timestep after 1990, it needed to have an estimated start use date prior to the start of irrigation 

season for that year, being May 1st, meaning that wellôs completion date and the water right 

snapshot allowed for the authorized use of water for the entire irrigation season. This was a 

choice made to simplify calculations to avoid pro-rating water use for a partial timestep. Due to 

uncertainties in construction dates for older wells, this constraint was not applied for the 1930-

1990 timesteps. The final values to be used in the USGS groundwater flow model were derived 

from water use reporting values (where available) supplemented with water right authorized use 

(acreage times duty). Estimates for each water right-derived use was divided among the wells on 

each water right in proportions determined by well-specific rates as compared to total maximum 

rate on a water right. 
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Figure 3.  Decision tree for estimating final groundwater pumpage and point locations for input into the 
USGS groundwater flow model. ñGHVGACò refers to the Greater Harney Valley Groundwater 
Area of Concern. ñET Field dataò refers to pumpage estimated for remotely sensed fields by 
Beamer and Hoskinson (2021) (Method 1). ñPOA locationsò are water right points of 
appropriation and ñcorrected POA dataò is pumpage estimated in this study using water right 
duty and acreage substituted with reported water use where available (Method 2). Non-
irrigation groundwater pumpage (Method 3) was estimated separately from irrigation and 
was added to the final combined irrigation outputs. 
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Estimated non-irrigation groundwater use was estimated using the same methods as 

Grondin (2021) applied to a larger geographic area and for a longer time period. Non-irrigation 

well pumpage (Method 3) was estimated separately from irrigation uses and was added to the 

final irrigation well pumpage values in generating the final output (Appendix H). 

5.2 Assumptions and Limitations of Source Data 

The following assumptions and limitations relate to water use estimations using water 

right information and well construction information available from OWRD databases and are 

essential for understanding the complexities of estimating water use where limited data are 

available. Water right information was used for each of the three methods but was most 

extensively used by Method 2. This analysis required creating a new dataset by combining 

existing datasets and adding a new time dimension to create a series of time-dependent tables 

showing what wells were estimated to be pumping at different points in time in order to estimate 

water use through time and to compare this new dataset with monthly ET.  

5.2.1 Availability of Water Use Data 

 The Water Resources Department has limited resources to directly measure water use, 

and reported usage is limited also. For example, there were about 15,000 water rights statewide 

in 2019 that required water use measuring and reporting, about 16 percent of the total number of 

water rights in the state. In 2017, the Department received water use data for approximately 

12,000 water rights statewide and 150 groundwater rights in the Malheur Lake Basin (out of 670 

groundwater rights).   

Water right holders may be required to both measure and report water use under the 

following situations. Pursuant to ORS 537.099, Oregon requires governmental entities such as 

irrigation districts, state or federal agencies, and municipal water providers to measure and report 

water use. Starting in the early 1990ôs, the Department began adding water measurement and/or 

reporting conditions to new permits, based on the size of the water right. Smaller water rights 

may have a condition stating that ñwater measurement may be required,ò while larger permits 

may have a condition that ñwater measurement and reporting is required.ò Water users in a 

Serious Water Management Problem Area (SWMPA) or in a Critical Groundwater Area may be 

required to measure and report water use. Currently, there is one established SWMPA in the 



 

14 

 

Walla Walla sub-basin, and there are seven Critical Groundwater Areas, none of which are 

within the Harney Basin. Water use measurements reported to the Department are entered into a 

water use database that is independent of the water right database (WRIS).  

Water use measuring and reporting in the Harney Basin is similarly limited. 

Consequently, most water use within the area represented by the numerical groundwater flow 

model needed to be estimated. Many of those estimates relied upon water right information, 

particularly permits and certificates. 

5.2.2 Assumptions and Limitations of Water Right Snapshot Data 

WRIS is designed to track the evolution of a water right through different snapshots (see 

Glossary). For example, a water right may begin at the application stage, where it is reviewed by 

OWRD before the issuance of a permit, at which time the water right moves from the application 

stage to the permit stage. The date on which the application was received is the priority date. 

Once a water right is in the permit stage, the water right holder has a specified number of years 

(with the deadline being the ñcompletion dateò) to develop their water project and prove that 

water has been put to beneficial use under the terms of the permit before receiving a certificate. 

Various additional conditions and constraints may apply before a certificate may be issued, 

which is dependent on a number of factors such as the priority date of the water right and 

location. If all of the conditions have not been met or the authorized water project is incomplete 

(not fully developed) by the completion date, the water right holder may apply for an extension 

of time to complete the project and retain their legal right to use the water. If the Department 

determines that the water right holder has not made a good faith effort to complete their water 

project within the required time period or does not receive any update on the water project 

development, the Department may move to cancel a portion or the entire permit. Additionally, 

water right cancellations have historically occurred after five years of non-use, usually meaning 

that a water project has been abandoned. In cases of cancellation, this work assumed a period of 

five years prior to the cancellation to be the end of use date. Some water projects may require a 

change from the original authorized use, and in that case the water right holder applies for a 

permit amendment or a certificate transfer, which if approved is followed by the issuance of a 

superseding permit or certificate.  
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WRIS was not designed to track water use or to provide any water use estimates. It is 

designed to track the maximum authorized use only (instantaneous rate and annual volume), not 

the actual use. Water rights permits and certificates specify a maximum authorized annual 

volume of water use per area (authorized duty), but the actual volume used from year to year is 

often less for multiple reasons.  Furthermore, if a water right is still in the permit stage, WRIS 

does not track the progress of the water project, so there is no way to know how much acreage is 

actually being irrigated or how many wells have actually been drilled until a Claim of Beneficial 

Use (CBU) has been submitted and the certificate issued. Status updates may be submitted to the 

Department in paper or electronic communications, but the information is not tabulated into 

WRIS nor any other structured, queryable database. For example, an estimated 33 percent of the 

permitted groundwater rights within the study area were not certificated as of September 30, 

2021. Consequently, the development status of those water rights (none to partial to full)  is 

generally undocumented, unknown, and unqueryable. 

Because authorized water use begins at the permit stage of a water right, this work 

excluded application stage snapshots and, completed transfer snapshots that have been 

superseded by subsequent new permit or certificate snapshots. This work assumed that water use 

began on the date that the permit was signed with all the constructed wells and full number of 

acres proposed for irrigation on the project. Snapshots of certificates, amended permits, and 

incomplete transfers that are subsequent to any non-current, non-cancelled permit incomplete 

were analyzed for water use independently of any prior and subsequent snapshots with the 

assumption that the wells and irrigated acres authorized during the period of time for which each 

snapshot was valid, assuming that what was applied for was what was actually developed, even 

if a permit amendment was submitted later. For example, a snapshot representing a permit issued 

to develop 40 acres using water from three wells is analyzed independently from the subsequent 

certificate snapshot, which may indicate that 40 acres from only two wells was developed. Both 

snapshots (the permit and the certificate) represent the assumed conditions at different points in 

time (40 acres for both snapshots, but 3 wells in the permit snapshot versus only 2 wells in the 

subsequent certificate snapshot).  Inclusion of the third (undeveloped) well in the permit 

snapshot for estimating water use (pumping) input for the numerical groundwater flow model 

means that the model will likely overestimate use from the third well and underestimate use from 

the other two wells. To minimize water use (pumpage) underestimation at wells actually 
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developed and overestimation at undeveloped wells, this analysis excluded wells that were 

proposed on a water right but never drilled. That being said, it is a common practice in the 

Harney Basin to propose use from one well and switch to a different well or wells as the water 

right is developed. For future estimates of well pumpage, it may be more accurate to apply the 

conditions of the final water right snapshot to the previous snapshots, however, this can require 

detailed analysis to parse situations in which a water right is split between multiple landowners. 

For each snapshot, water use start and end dates were calculated to represent the 

minimum start and maximum end dates that can be assigned for a Point of Appropriation (POA) 

on each snapshot. These time ranges were further limited for each POA based on approximate 

well construction dates.  

The ñstart dateò assigned to each water right snapshot was either the signature date of the 

permit or certificate, the cancellation date of the preceding snapshot within the same water right 

ñfamily,ò or the priority date in the absence of any other information. Water rights prior to the 

creation of WRIS (1985) and the development of the snapshot tracking system (2001) do not 

show the same evolution of water right snapshots and will instead have a single certificate 

snapshot for the entire water right that represents the most current snapshot, and in that case the 

permit signature date was used as the start date. For pending permit amendments or transfers, a 

transfer snapshot replaces the preceding permit or certificate snapshot while it is pending. In this 

case, the preceding permit or certificate signature date was used as the start date for the transfer 

snapshot. For irrigation water rights, the water use analyses assumed the use of an irrigation well 

began at the start of the first full irrigation season after its construction, but also recognized that 

this is not always the case and situations will likely vary considerably.  

The ñend dateò assigned to historical, non-current snapshots was the signature date of the 

superseding snapshot. Current snapshots were assigned an arbitrary future end date to ensure the 

snapshot would be captured by this analysis.  

Only water right snapshots flagged as being ñcompleteò (data entry has been completed) 

were selected, and water right applications that were withdrawn were not included (a permit was 

never issued, and water was assumed to have never occurred). Only water rights classified as 

ñgroundwaterò rights were included, which excludes any surface water or reservoir rights that 

may include wells. The only POAs included in this analysis were wells, (excluding streams, 
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springs, and sumps). It should be noted that sumps have been inconsistently coded in WRIS as 

surface water versus groundwater. Consequently, many sumps likely ended up being included in 

the water use analyses because they were coded in WRIS as wells.  Snapshots for groundwater 

registration claims were included and represent cases in which the proof of water use began prior 

to August 3, 1955 per Oregon Revised Statues (ORS 537.670 to 537.956). Only snapshots with 

an estimated start use date prior to the start of the last month of the irrigation season in 2018 

(September 1, 2018) were included in this analysis. 

5.2.3 Assumptions and Limitations of Water Right POA Data 

Some complications arose during this exercise related to irrigation water rights with 

multiple POAs, namely where POAs are assigned differing maximum allowable pumping rates 

and in cases where wells did not exist prior to issuance of a permit and were drilled at different 

times during the active use of the water right. To account for wells drilled after permit issuance, 

supplemental information from GWIS and GRID were used to estimate well construction dates, 

which were compared to the time period in which a water right snapshot was ñactiveò (i.e. when 

water use was authorized and assumed to have occurred). Therefore, the query of water right 

wells ran within a series of iterations (ñwhileò loop) to determine what wells existed and were 

assumed to be pumping during each timestep (Table 1). To account for multiple POAs on a 

single snapshot, instead of assuming an even distribution of pumpage among multiple wells, 

each POA was assigned a weighted percentage based on its maximum allowable rate compared 

to the total maximum rate authorized on the water right and in relation to other wells in existence 

during each timestep (POA weighted percentage). 

Not all water right POAs had been correlated to well reports before this study began, and 

because well construction is dependent on well report information, an effort to complete well 

report to POA correlations was necessary. In cases where the approximate construction date 

could not be determined, the water right priority date was used. If a water right applicant 

proposed well locations and was issued a permit based on those proposed locations, and then 

subsequently drilled in different locations than what was proposed, those new POA locations 

wonôt be captured in WRIS until the transfer is approved and the new permit is signed. 

Consequently, in order to continue with internal business processes, OWRD staff have had to 

correlate the new POAs to the previously proposed POAs on the old snapshot before the permit 



 

18 

 

amendment has been finalized. Therefore, even though the new wells are not authorized on the 

original permit, they become associated with the old permit. In many cases, the number of wells 

does not remain the same and therefore the correlations are imperfect. This is a limitation of 

WRIS and associated business processes that favors the assignment of unauthorized wells to 

valid water right snapshots while staff wait for the new snapshot to be finalized (a new permit 

issued) and results in poor quality data in some cases where permit amendments occur. 

Additionally, a water right holder may change which well(s) they decide to use, but there is a 

delay between when this decision is made and when OWRD is notified of the change, either 

through submittal of a CBU or application for a permit amendment or a transfer. Wells may be 

dropped from the permit, replaced with different wells, be drilled in locations that differ from 

their proposed locations, or may be added when itôs discovered that the authorized wells will not 

supply enough water for the authorized water use project. After a water right evolves, the 

incorrect ties between the old water right POAs and the new wells are rarely fixed. 

 In order to tie ET fields to wells (Method 1), fields were first correlated to water right 

POUs based on spatial extent. These POUs were then tied to POAs. The ET field dataset was 

heavily time-dependent and in order to make this tie, this analysis created a heavily time-

dependent POA table by estimating when authorized use occurred. After joining the two datasets 

spatially, this analysis constrained the joined dataset by only allowing correlations where use was 

reported by both datasets for a given timestep. Therefore, some ET fields that had been 

correlated to POUs based on spatial extent lost their correlation to water right snapshots when 

they did not have an authorized use during any of the timesteps because actual use did not match 

with anticipated (authorized) use for these water right snapshots. Water use start and end dates 

for water right snapshots were estimated and used to constrain the minimum and maximum dates 

for which water use was authorized. These dates were further constrained for each individual 

POA based on the estimated well construction date to better reflect actual use. Minimum 

construction dates came from GRID or any construction date that was manually determined by 

Groundwater Section staff (taken from GWIS). Where no construction date was recorded nor 

was available, such as for many wells that were constructed prior to the Groundwater Act of 

1955, the priority date of the water right was used to approximate the construction date. Use of 

water from each well was assumed to start on the day well construction was completed or the 

day that water use was estimated to begin on the water right snapshot, whichever is later. Note 
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that this date is unique to a well on a snapshot, and that the same well may have multiple water 

use start dates related to multiple water rights or snapshots. End use dates for each well on each 

snapshot came from the snapshotôs end use date or the date on which the well was abandoned, if 

any. Note that the construction date is the date that the well drilling was completed, but it does 

not account for when the pump was installed or the rest of the irrigation system constructed, 

which are not tracked anywhere in WRIS or GRID. 

 Acres irrigated by each POA are not tracked in WRIS, although that information may be 

found in the paper water right files. Total authorized acreage per water right is summed from 

places of use (POUs) listed per water right and that total acreage was distributed among the 

authorized POAs using the weighted percentage calculated by comparing the maximum rates of 

each POA for all wells existing during each timestep.  

The resultant POA table with timestepped percentage of water use for each snapshot can 

be found in Appendix C. POAs were correlated to well reports based on the best available data at 

the time and is subject to correction as new information becomes available.  

5.2.4 Well Construction Information 

A SQL query was written to extract well construction information from GWIS and 

GRID. Most GRID records show construction information for construction work conducted at a 

well; each construction job is documented in a separate record (well report or well report record). 

Most wells constructed prior to 1955 have very limited construction information. GWIS ties 

together one or more well report records that represent the same well and provides a simplified, 

standardized representation of the current construction of each well as entered by Groundwater 

Section staff. GWIS also ties wells to water rights as identified by Groundwater Section staff 

and/or documented by water rights, therefore GWIS sites tied to POAs were the primary focus of 

this query (and therefore all relevant POAs were required to be tied to a GWIS site in order to 

get construction information and dates). In this query, any information that was missing from 

GWIS was taken from GRID, including well depths, construction dates, and location 

information. Because GWIS is populated manually on an as-needed basis, there may be some 

wells for which additional construction work has been done (a new well report filed and entered 

into GRID) that was not yet in GWIS. These were found by searching for new well reports in 
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GRID with a reported well tag number that matched existing GWIS sites for which a well tag 

number had been identified for wells within the expected model boundary. 

Location and elevation information was taken from GWIS or filled in with locations from 

WRIS and GRID when missing from GWIS. Wells not within the expected model maximum 

extent were filtered out using the public land survey system (PLSS) to account for any wells that 

may not be digitized with a latitude/longitude. The spatial extent chosen for this query was 

Township 15 to 35.5 South and Range 23 to 37 East. Elevations recorded in these databases for 

these wells varied between using the NGVD1929 and NAVD1988 datums. The elevation, 

elevation error, and datum were all reported and kept as-is for the final output without effort to 

shift to a common datum. 

Well construction date was determined from the best available source, starting with the 

earliest date within the GWIS well construction history table, where well reports in GRID are 

correlated to the GWIS well site. Groundwater section staff can overwrite well report dates with 

their own interpreted construction date, such as when a construction date is not reported on the 

well report, but an approximate date was reported on the water right application or when GRID 

contains a clerical error. Where the well construction history table construction date in GWIS 

was  missing, construction dates were taken from GRID. The well construction history records 

were related to GRID records by Log ID or well tag number. Where no well construction history 

table records existed, the Log ID of the GWIS site was used to find the related GRID record to 

obtain the well construction date . If none these dates were available, the earliest priority date on 

all correlated water rights was used.  

The final results of this analysis reported well depth as both the minimum and maximum 

depths of each well (over all time) to account for wells that have been deepened or altered, and 

calculated an additional time-dependent depth. Minimum and maximum well depths were 

determined by comparing depths from the well construction history table, any related well report 

records (from GRID), GWIS interpreted most recent well construction, and the lithology table. 

Time-dependent depths relied on completed dates and depths from the well construction history 

table and related GRID records, as it shows differences in construction over time. Wells with 

unknown depths were assigned a depth of one foot to show that a well of some depth existed and 

to ensure that they would not be filtered out further along in the script.  
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The final results of this analysis reported well yield as both the minimum and maximum.  

Well yield was determined by comparing all available well tests, from none to multiple, reported 

on related well report records. 

Minimum open interval top was estimated for the most current construction of each well 

by calculating the minimum start_depth value among intervals described as ñopen hole,ò 

ñperforation,ò ñscreen,ò or ñfilter packò within GWIS.7 Wells with differing construction over 

time (i.e. wells with deepenings, alterations, etc.) were described based on the most recent 

construction as the database was not set up to allow for detailed construction information to be 

entered more than once for each well site. That being said, the minimum top of the open interval 

is less likely to change than the bottom of the open interval (in many cases equivalent to the total 

depth of the well, which was calculated as a time-dependent variable). The open interval top is 

more likely to change in cases where a well was re-sealed or additional casing was installed. 

Where the top of the open interval was unknown and casing depth was not known, the open 

interval top was assigned a value of one. Where the top of the open interval was unknown and 

the casing depth was known, such as when the casing extends to the bottom of the well but no 

perforations were indicated, the well was treated similar to a piezometer with a very small open 

interval at the bottom of the well, and the bottom 0.1 foot of the casing was treated as the open 

interval for calculation purposes.  

Wells that have been abandoned might not show an open interval, but this does not mean 

that there never was one. The open interval shown in the final results represents the most recent 

construction of the well and may not reflect the open interval as it existed at each timestep, 

however, the well depth should reflect the changes in well construction over time. 

The resultant table of timestepped well construction information can be found in 

Appendix D. The information that informed this table is based on the best available data at the 

time and is subject to correction as new information becomes available. 

 
7 For more information about open interval determinations, see Appendix M of Grondin and 

others (2021). 
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5.2.5 Timestep Application 

For each timestep, query results for POAs and well construction information were 

constrained to account for wells that existed and were assumed to be in use during that timestep 

based on water right snapshot start and end dates. Several time-dependent variables were 

calculated for each timestep and were used to determine which wells should be included within 

each timestep. A wellôs relative percentage of the maximum rate allowed on a particular 

snapshot was calculated based on how many other wells existed on that snapshot at each 

timestep, and the resultant POA percentage became a time-dependent variable. Well depth was 

also assigned as a time-dependent variable to capture potential change in a wellôs depth over 

time. Estimated pumpage by ET field was also used as a time-dependent variable for 1991-2018. 

Water right-based pumpage estimates for 1930-2018 were calculated even if there was no 

corresponding ET field estimate in order to compare estimates and use this comparison to refine 

estimates derived from water right information. Reported water use by well was also assigned as 

a time-dependent variable. 

5.3 Method 1: Estimating Well Pumpage for Irrigation in the GHVGAC Using ET Field Data, 

1991-2018 

For select years between 1991 and 2018, the program uses 13 field-level Geographic 

Information System (GIS) polygon shapefiles from Beamer and Hoskinson (2021) representing 

estimated observed groundwater irrigation use for the GHVGAC (Figure 4) and transforms these 

polygon ñET fieldsò to point wells with location and construction information that allow 

correlating pumpage to model grid location and layers. Where possible, a field was correlated to 

one or more existing irrigation wells (Method 1a). Otherwise, a field was assigned a synthetic 

well at the centroid of the field (Method 1b). Existing wells were assigned construction 

information taken from GRID and GWIS (OWRD, 2022e and 2022a). Figure 5 shows a 

simplified flow diagram that outlines the inputs, transformations, and outputs used to estimate 

well pumpage for irrigation in the GHVGAC derived from ET field data. 
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Figure 4. Coverage of fields digitized by Beamer and Hoskinson (2021) for select years from 1991 to 
2018 within the Harney Basin. 
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Figure 5.  Simplified flow diagram of the inputs and transformations leading to the determination of 
final point locations representing groundwater pumpage using data estimated for ET fields 
from Beamer and Hoskinson (2021). The two different outputs include (A) water right points 
of appropriation (POAs) with ET field data evenly divided among all POAs associated with 
each field and (B) point locations representing the centroid of each field for which a POA 
could not be tied with ET field data directly translating from one field to one point location. 
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5.3.1 Groundwater Evapotranspiration by Field and Total Irrigated Acres 

Thirteen GIS polygon shapefiles were used as inputs for the program: one for each year 

for which ET was estimated by Beamer and Hoskinson (2021). These were merged to create a 

ñmaster fields layer,ò whose attribute table can be found in Appendix A (Table A2). Table A1 

summarizes the relevant columns used to create this merged layer, along with any 

transformations performed on each column. The resultant layer represents one feature per field 

for which groundwater was used and how much water was estimated to be pumped for each field 

for each month, with an acreage averaged over the entire time period for which the field was 

visible. Table 2 shows the number of fields representing irrigation sourced from groundwater 

increased from 438 fields (representing 30,648 acres) in 1991 to 972 fields (representing 74,103 

acres) in 2018, and the total number of fields visible throughout the entire 1991-2018 time period 

was 1,464 (representing approximately 108,472 acres8). Centroid latitude and longitude values 

were calculated for the resultant layer (using datum GCS_WGS_1984), and the results are in 

Appendix Table A2. Water source (surface water versus groundwater) was identified for all but 

two fields that were included in this analysis. Source type was attributed by Beamer and 

Hoskinson (2021) using mapped OWRD water right places of use (POUs) converted to a 30m 

raster layer and some amount of manual attribution where this process failed. The pumpage 

estimates received from Beamer and Hoskinson (2021) accounted for the groundwater portion 

only, leaving any surface water contribution at zero. Pumpage estimates for fields irrigated with 

a mix of surface and groundwater assumed that 50 percent of the water applied to the crop was 

from groundwater. Beamer and Hoskinson (2021) only attributed source types to fields for the 

year 2016 (Figure 6). 

 
8Total acreage for ET fields throughout the entire 1991-2018 period is an overestimation of 

actual total acreage irrigated. Throughout this time period, many fields changed shape and were 

assigned a new unique identifier, however; when a field changes shape, it may cover the same 

physical location as it did previously, meaning that that acreage is double counted. The 

assignment of a new unique identifier was meant to represent a change in irrigation method, 

which in turn changed the calculation of groundwater pumpage for that field.  
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Table 2. Summary of field polygons representing irrigation sourced from groundwater for select years 1991-2018 from Beamer and 
Hoskinson (2021) and associated groundwater pumpage (in acre-feet) and area (in acres). 

Year 

GHVGAC  Estimated Groundwater Pumpage for 

Irrigation (Beamer and Hoskinson, 2021) 

Permitted Water Rights Acres  

for GHVGAC * 

Permitted Water Rights Acres  

for entire area* 

Sum of Groundwater 

pumpage (acre-feet) 

Number of 

Fields 

Area 

(acres) 

Primary**  Supplemental Total***  Primary**  Supplemental Total***  

1930 - - - 40 0 40 40 0 40 

1940 - - - 392 0 392 552 0 552 

1950 - - - 515 0 515 1,013 252 1,013 

1960 - - - 5,042 3,635 6,543 6,337 4,031 7,981 

1970 - - - 7,809 6,586 11,729 11,012 8,722 15,513 

1980 - - - 25,375 14,041 32,876 38,339 16,748 46,874 

1990 - - - 32,719 15,990 40,869 44,491 18,297 53,317 

1991 52,000 438 30,648 33,814 16,416 42,392 44,880 18,723 54,132 

1992 57,000 457 31,354 33,857 16,472 42,447 44,028 18,779 53,293 

1994 64,000 469 33,234 35,492 16,805 44,415 44,983 19,112 54,811 

2000 83,000 540 42,078 46,138 19,084 55,712 55,730 21,566 65,862 

2001 81,000 525 40,778 47,435 19,084 57,009 57,158 21,566 67,290 

2005 72,000 585 43,702 55,586 19,692 65,059 66,517 22,140 76,549 

2009 90,000 642 49,214 65,482 21,775 75,695 77,463 25,159 88,234 

2011 91,000 684 52,521 72,286 23,313 82,498 84,522 26,731 95,326 

2014 130,000 782 59,924 79,914 27,061 90,575 93,708 30,706 104,961 

2015 120,000 819 62,814 82,794 27,195 92,898 96,990 31,212 108,059 

2016 140,000 863 67,039 84,138 29,031 94,306 98,824 33,225 110,113 

2017 150,000 951 72,807 87,216 29,560 97,257 102,664 34,664 113,944 

2018 140,000 972 74,103 86,636 30,746 96,678 102,781 35,551 114,061 

*GW component only is accounted for in this table 

** Any irrigation use codes that werenôt explicitly ñsupplemental irrigationò were grouped under primary irrigation. 

***A water right can have multiple uses associated with it, including both supplemental and primary irrigation. The primary and supplemental acreages will not 

add up to the total shown because some supplemental acres overlap the primary acres (those overlaps are not counted twice). 
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Figure 6. Mapped irrigated field boundaries in the GHVGAC for 2016 with water source type identified, 
where GW right indicates groundwater source type, SW right indicates surface water source 
type, and GW right on SW right indicates combination source type (sourced from Beamer 
and Hoskinson, 2021, page 20). 

5.3.2 Spatial Join ET Fields to Water Right Places of Use 

In order to determine what wells may be pumped to irrigate each field, fields were 

correlated to current and non-current mapped water right POUs, which are shown in Figure 7. 

Note that water right POUs for this analysis were selected from within the entire expected USGS 

groundwater model extent, whereas the ET fields are limited the GHVGAC (Figure 1). Over a 

thousand (1,374) water right places of use shown in Figure 7 represent 1,218 groundwater 

irrigation permits, certificates, and claims and when combined total just over 115,000 acres of 

both primary (91,000 acres) and supplemental (24,000 acres) irrigation with the earliest priority 

date being from December of 1929. ET fields, which are limited to the GHVGAC between 1991 

and 2018, total over 108,000 acres (95 percent of POU acreage for the entire model extent since 

December 1929). Water right permit, certificate, and claim snapshots were selected because they 
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are most likely to represent actual groundwater use, as opposed to application, transfer, special 

order, and decree snapshots, with the exception of active inchoate (non-cancelled, non-perfected) 

transfer snapshots. Water right POU current and non-current layers were merged together and 

clipped to the model boundary.  

 

Figure 7. Locations of groundwater right places of use (primary and supplemental) within the expected 
USGS groundwater flow model extent (Oregon Water Resources Department, 2022b). Also 
included is the GHVGAC boundary used by Beamer and Hoskinson (2021). 
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There are a small number (about 100) of water right POUs that are not represented in 

Figure 7 because they were cancelled or superseded prior to OWRDôs effort to digitize water 

rights beginning around 1990 (Robert Harmon, personal communication, March 3, 2021). These 

rights may or may not have been used and were likely cancelled prior to fully developing the 

maximum allowable use. Some rights were abandoned or delayed due to 1980s flooding from 

Malheur Lake, which damaged fields and equipment and left some without power for multiple 

years.  

In order to correlate fields to POUs, multi-part polygon features were converted to single-

part features in order to correlate to field boundaries more closely by ensuring that POUs were 

split into individual fields (one field per part), splitting 1,374 multi-part POU polygons into 

2,387 single part polygons before performing two different spatial joins. The first was a join on 

field polygons whose centroids were within a single part POU polygon, and the second was on 

single part POU polygons whose centroids were within a field. The results of the two joins were 

combined to ensure that as many correlations were captured as possible. 

About 321 water rights were not correlated to fields, and 83 fields (almost 6 percent of all 

ET fields) were not correlated to water rights via the spatial joins. POUs may not have been 

correlated for several reasons: 1) they were selected from the entire expected model boundary 

rather than the GHVGAC9, 2) the right is valid but has not been fully developed, or 3) the right 

has been cancelled or transferred. Geometry between water right POUs and fields likely differ 

due to changes over time, and historical water rights that have since been transferred will not 

necessarily have the same field geometry as was observed for the 1991-2018 time period. The 83 

fields may not have been correlated for several reasons: 1) They are within the margin of error of 

the methods used by Beamer and Hoskinson (2021), 2) water rights covering those areas have 

not been mapped, 3) field geometry doesnôt quite match up with mapped water right POUs and a 

 
9 The water right POU coverage used in this analysis covered the entire expected USGS model 

extent. This area was used instead of the smaller area of the GHVGAC, where all of the ET 

fields are located, in order to avoid cutting off portions of POU polygons that may have been 

straddling the GHVGAC boundary. If a POU had been sliced into a smaller polygon, the location 

of its centroid would no longer have been an accurate representation of the location of the POU 

and it may have caused inaccuracies in the subsequent spatial joins. 
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permit amendment has not been filed, or 4) groundwater is being used without a valid water 

right. Of the 83, three were correlated manually. 

Appendix C shows the results of the spatial joins and manual correlations (POUs and 

fields, combined or uncorrelated). The resultant shapefile was converted into a Python pandas 

dataframe to correlate with POAs and wells, which came from a SQL query of WRIS, with 

supplemental information from GWIS and GRID. 

5.3.3 Tie Water Right Places of Use to Points of Diversion 

The primary objective of this step was to convert polygon POUs to points, either as 

groundwater right POAs identified by the previously noted SQL query or by field centroid where 

no water right could be identified, thereby assigning estimated water applied to a field to its 

identified source well(s) or to an assumed source well. For ET fields correlated to water right 

POUs, each field was associated with a water right snapshot (each stage in a water rightôs life is 

a ñsnapshotò), which was then used to associate water right POA wells (not stream diversions, 

springs, or sumps). POAs correlated to fields were therefore assumed to represent wells pumping 

groundwater to irrigate their associated fields, and multiple wells were assumed to be able to 

irrigate multiple fields and the total estimated pumpage assigned to each field was divided evenly 

among all wells tied to the field. Fields that were not correlated to POAs were represented as 

synthetic wells located at their centers, assigned an assumed well construction based upon 

average construction of nearby wells, and were appended to the resultant POA table. 

5.3.4 Estimate 1991-2018 Groundwater Use for Irrigation in the GHVGAC  

For each POA correlated to an ET field (Method 1a) or for each ET field centroid (a 

synthetic well irrigating that field) where no POAs could be correlated to that field (Method 1b), 

the Beamer and Hoskinson (2021) estimated pumpage for that ET field was applied. This value 

was then divided among the wells, either real or synthetic, to which the field was correlated. For 

ET field centroids (Method 1b), this was a direct translation of one field to one well. For POAs 

representing real wells (Method 1a), the estimated ET field pumpage was divided evenly among 

the correlated wells. These values were then converted from acre-feet to ft3/d by multiplying by a 

conversion factor (43,560 ft3/acre-feet) and dividing by the number of days in the month. 
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5.4 Method 2: Estimating Well Pumpage for Irrigation Using Water Right Information, 1930-

2018 

For irrigation groundwater pumpage estimates within the expected USGS groundwater 

flow model boundary that could not be derived from Beamer and Hoskinsonôs ET estimates 

(2021), pumpage was estimated from water right information (Method 2). This includes 

everything within the expected USGS groundwater model extent for 1930-1990 and everything 

outside the GHVGAC for 1991-2018 (Figure 3). Pumpage was estimated for the GHVGAC for 

1991-2018 and totaled for each year to compare to Beamer and Hoskinsonôs yearly totals in 

order to derive a regression equation (Figure 10) which was then used to correct the water right-

derived estimates. Figure 8 shows a simplified flow diagram that outlines the inputs, 

transformations, and outputs used to estimate well pumpage for irrigation derived from water 

right information. 
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Figure 8. Simplified flow diagram of the inputs and transformations leading to the determination of final 
point locations representing groundwater pumpage using water right information and 
reported water use, corrected based on a comparison to the ET groundwater pumpage 
estimates from Beamer and Hoskinson (2021).  


































































