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Glossary

Application (water right)

Authorized Duty

Assigned Duty

Beneficial Use

Certificate (water right)

Claim (water right)

All water in Oregonbelongs to the public. Consequentlywatel
user mustapply and obtaina permit from the Oregon Wa
Resources Departmeritefore authorizedwater usecan occur,
exceptingsome use types exemptfrom needing a permitinde

Oregon law.

The maximum volume of watellowed per acre of land for ti
irrigation seasonwhich is defined within each water right. -
authorizedsolumeshould be sufficient to meet the water demai

Mmost cros.

The volume of waterused in this study(often less than ti
authorized duty}o estimate pumpageabed oractual or assum
irrigation methodand crop water requiremens determined b

Beamer and Hoskinson (2021).

A reasonably efficient e of water without wastir a purpos

consistent with state law.

After a water user completes development of their water syste
satisfies all of the conditions of their permit, they may be iss
water rightcertificatel t i s al so known act¢
and is valid as long as water is used according to the provisi
the water right at least once every five years.

If water was used prior to the 1909 water code and hes hee
continuously since then, the water user can make a claim -
water by a certain deadlineThe claim then goes through

adjudication procedbat may end in a decree from the county ci
court stating who has a legal right to use this w&&VRD thel

issues water right certificates for decreed rights.



Claim of Beneficial Use

Completion Date

ET Fields

Evapotranspiration

Multi -PartFeature

Permit (water right)

Permit Amendment

Place of Use

Point of Appropriation

Priority Date

A surveyof water useonducted by a ctfied water rights examin
to prove thathe permit holder hamet the conditions of the pert

so that they may obtain a tearight certificate.

A date specified in a water right perrtiiat marks the deadline

a permit holder to submit their Claim of Beneficial Use.

Boundaries for actively irrigated fields within tli&HVGAC for
19912018 identied and assigned an estimate of groundv
pumpage based on evapotranspiratignBeamer and Hoskins
(2021)

Thecombinedprocess okvaporatiorof water from the ground a

transpiration of water from plants.
A singlespatialobjectcomposeaf multiple shapes

A permitis issued by the Water Resources Department to use
after reviewinganapplicationfor norrexempt water uses. The we
user then develops their permit withanspecified time frame a
complies with the conditions on the permit before being iss

certificate.

A type of transfer thas used to change the point of diversion,
of appropriation, place of use, or type of use when theis
authorized by a water right permit.

Theauthorizedarea or location to which watean be applied unc
a water rightThere can be multiple places of use on a single"

right.

The authorizedpoint at which water igxtracted( dppropriatet)

for use usually a well, spring, or sump.

The dateassignedo a water rightused to comare the seniority «
a water right against other water rights in order to apply the dc
of prior appropriation, which forms the basis of water la\



Oregon. It is usually the date the application was figdmpe

received by the Water Resourd@spartment

Public Land Survey SystenA survey developed in the United States to divide propert

Pandas Dataframe

Python

Shapefile

Snapshot

Sump

Timestep

Transfer (water right)

Water Right Family

Well

ownership and sale.

A two-dimensional data structure made up of rows and columr

is treated as an object fase in python programming.

An open sourcecomputer programming language that supp
structured, objeebriented, and functional programming paradic

A file format used to store geometric location and attr
information for geographic features represented by points, lir

polygons.

An identifier usedn a Water Resources Department water ri
relationaldatabasdable to distinguish different stageduring the
evolution of a water right(i.e. application stage, permit ste

certificate stage, etc.).

A wide, shallow holewithin which groundwater is sought

encountered.

This studyutilized 240timesteps to represent groundwater pum
through timgone month each f@&0yearsbetweer1930and2018.

A transfermay beused to change the point of diversion, poir
appropriation, place of use, or type of ugeen the uses authorize:
by awater rightcertificateunless the type of transfer is a pel

amendment, which may be used to modify a permit

A collection of water right
shows all stages of a wateght or water rights that evolved frc

the same application or claim.

I n t hi s susualldrgfers taiavwatér lsupply wellvhich is
aconstructedole in the ground used &xtract @ppropriatg watei

Xi



Well Log ID

Well Report

Well-Specific Rate

Well Tag (Number)

for use. An occasional refe
constructechole in the ground into which water is injected to

water togroundwater

A Water Resources Departmertationaldatabase¢ableidentifier
used to distinguish idi vi dual dril l ero
submitted to the Department. The Logit&ntifieris a compoun
alphanumerickey consisting of a fodletter county code followe
by a sequential number.

A dr i | | e origisal or seljzemuentorkcdnductedata well.
including construction lithologic, waterbearing owner, an

locationinformation.

If multiple wells are associated with a single water rigbact
individual well may be assigneadividual maximum rates at whi
the well may pump watelf. no individual rate is specified, all we
on the water right are assigned th&al maximum rateauthorize:
by the water right(no single well or combinatio of wells i<

authorized to exceed the maximum rate)

A label with a uniqgue number attachedatevell as part of the We
Identification Label Program that began in 1996. Well tags are
required as a permit condition before a cexdife can be issued.
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Abstract

This report describabe methods used to estimate groundwater pumfagerigation
and nonirrigation purposefrom wells in the Harney Basin of southeastern Oregon for-1930
2018.The estimateareintended tde pumpagenput fora numerical groundwater flow model
being developeby the U.S. Geological SurvéySGS)to further understand groundwater flow
in the Harney BasinThe finalpumpageestimates were determined by using three different
methods for three subsets of available daite. firsttwo methodsestimate groundwater
pumpage for irrigatiomnd the third method estimates pumpage forinagation usesMethod
1 uses andbuilds uporthe Beamer and Hoskinson (202igld-scale monthly groundwater
pumpageestimates based upamonthly fieldscaleevapotranspiration (EWithin the Greater
Harney Valley Groundwater Area of Conc€@HVGAC) during an assumed May through
Septemberrrigation seasotior 13 selected calendar yead®991 through 2018ethod lassigis
the fieldscalepumpage values to point locatiofvgells) based on (agxistingwaterright points
of diversion, where availahler (b) point locationstthefield centroid Given he USGS
groundwater flow model includg®ass prior toanda geographic area larger than the saufpe
Beamer and Hoskinson (2020 ethod 2uses water right information &stimategroundwater
pumpage forrrigation for the entirdJSGS grandwatemodel extentor the 19301990 period
andfor the areautside theGHVGAC for the1991-2018period The Method 2estimatesre
thencorrectedoy using acomparisorto the Method lestimatesvithin the GHVGAC for the
1991-2018period Method 3estimateslanuary tdecembenorirrigation groundwater
pumpage for the entire model extanid for the entird 9302018periodusing the methodology
described in Grondin (2021Final pumpageestimates for input into thdSGS groundwater flow

modelcombnedthe results from the three methods.

Boundaries foactively irrigatedields within the GHVGAC for 19912018identified by
Beamer and HoskinsdiT fields) werdied automatically tanappedwater right places ofuse
(POUs)in ArcMap byspatialjoin, and these correlations were further tested by apptyimey
constraintgelative to when water was assumed to be iragserding to the water rights
databas€éWRIS) (OWRD, 2022b)with a95% correlation ratdased on spatial join. After
applying timeconstraints (removing ties to water rights that were not valid during the time



period that the ET field appeared in the actively irrigated field covertdggjumber ofET
fields that were correlated to water riginas68%, accouning for 70-74% of irrigated acres and
72-92.5%o0f observed water use for 192018

Final estimates incorporated Method 1 and Method 2 values accordotgton and
time period Within the entire model extent, the final estimation of pumpage increases from 14
acrefeet in 1930 to 8,000 acrefeet in 1990 and 160,000 adeet in 2018. Ondundred percent
of estimated pumpag®ccurred within th&SHVGAC in the 1930 and1940 timesteps, and
percentages between 1950 &@d 8range from 85% to 97% irrigation within tkk&HVGAC.
Norrirrigation 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
estimatesNorrirrigation use shows heawyfluence by commeial-industrial uses, mostly
related to the opening and closures of large lumber mitlse 1930s and 1980s, respectively
Consumptivenortirrigation groundwateuse rangedrom 1,218acrefeet in 19300 11,742acre
feet in 1980 for the entire modextent, then dropped down ®,616acrefeet in 1990, then
increased t®,166acrefeet in 2018 Total groundwater pumpagéthin theexpectednodel
boundaryshow that nosrrigation uses made 9% of groundwater use in 1930 but decreased
to 4% by 2018. Total groundwater pumpage \eaimatedat 1,300acrefeet in 193Qwhich
increased t&4000acrefeet in 1991 and60,000acrefeet in 2018 any apparent discrepancies
are due to rounding)



1.0Introduction

This report presentbie methodsand resultsisedto estimategroundwater discharged
(pumped)rom wellsfor various uses and around the Harney Basin in southeast Oregon
during the 1932018 period Thiswork is part of a multyear joint U.S. Geological Survey
(USGS) and Oregon Water Resources Department
groundwater system, water budget, and response to groundwater develdpragmimary
purpose othe well dischargestimationeffort is to provideinput 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 methadssuficiently address thgarious groundwater
uses andhe entireexpectedJSGS groundwater model aeriatent and time periadThis report

presents each methodseparatsubsectionsvi t hi n t he AMet hodso sectic

This workused two main sources of data ifiwigation groundwater pumpage estimates.
The firstsetwasgroundwater discharge estimates determined by Beamer and Hoskinson (2021)
based on evapotranspiration for tBeeater Harney Valley Groundwater Area of Concern
(GHVGAC) for the 19912018 periodWater right information wathenused to expand the area
of interest to cover the entiexpectedJSGS groundwatenodelextentand toextend thdime
period back to 1930'he use of water right information in determining irrigation groundwater
pumpage brought forthsecondary objective of this efforhichincludes identifyinghe
limitations of the current OWRD water right information system (WRIS) and its appropriateness
for estimating pumpage by comparing watght-derived pumpagestimaeswith estimatedy
Beamer and Hoskinson (2021).

2.00bjective and Scope

This report servesvo purposes. The firsind primarypurposes to provide supporting
documentation for the groundwater pumpage inputs fod®®@Sgroundwater flonmodelfor
the Harney Basirby detailing the methods used to derilveseinputsand reporting the results
The secondry purposds to provide thorough documentation the methods and limitations of
using existing water righltata in estimating water use to inform aotufe similar efforts

primarily for those wishingtoueWRD6&6s dat abases



This report describebe methods used to estimate groundwater pumfagerigation
and nonirrigation usesfrom wells in the Harney Basin of southeastern Oregon for -P23@.
The final estimates were determined by using three different methods for three subsets of
available dataMethod 1builds upon the fieldcale monthly estimategtoundwater pumpage
derivedfrom evapotranspiration (ET) BBeamer and Hoskinson (202d0ring selected calendar
yearsduring thel991-2018periodfor an assumed irrigation season of May through September.
Theyutilized a satellitebased evapotranspiratiQBT) modelshowing current ahhistorical
water use, groundwater pumpage, and irrigated acreage estimabesGetVGAC. This work
relatedtheseET-basedestimatedor identified fields taspecificwater wellssupplying the
groundvaterassumedo irrigatethosefields and discussethe difficulties around relating water
right information toremotelysensedrrigated field boundariesviethod 2uses water right
information to estimate groundwater pumpage for irrigation for the entire USGS groundwater
model extent for th&930-1990 period and for the area outside &t¢VGAC for the 19912018
periodin the absence of widggcale, high quality remotely sensed d@aRD, 202b).
Reported water use information wased wheravailable for a limited number of wells starting
in 1990 OWRD, 2022d). Method 3estimates January to December Hoigation groundwater
pumpage for the entiexpectednodel extent and for the entire 193018 period using the
methodology described in Grondin (2021). Final pumpage estimates mergedilisefras the
three methods

In theHarney 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 2012018 (Garciaand others2021). Estimates ofroundwater consumezxhd
returned to the groundwater syst&om irrigation usesvas not estimated as part of theiort,
as itis expected tbe includedseparatly as amodel input

Norrirrigation water uses include pubhaunicipal, public and private community, rural
domestic, livestock, and commereiatustrial supply (Grondin, 2021)orrirrigation
groundwateusewas estimated using the methaldscribed irGrondin (2021 ppplied toa
larger geographic ardthe entireexpectednodel extentand for a longer time peridd 936
2018) Groundwatedischarge consumed versesurned to the groundwater system varies
significantly from 100% consued to 100% returned depending upon the-inegation use.

Consequently, thgroundwater pumpage estimatountingof the groundwater consumed



versus returnedepend uponthe type ofonrirrigation useand is summarized by use in the
A Me t h arirrBation use) sectian

3.0Geographic Area

TheHarney Basirencompasses 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 BasinKigurel). Mostdevelopment ithe basin is in the informally named
fiGreater Harney Valley Groundwater Area of Concetn w h i 410squasemila area that
includes Harney Vallegnd the Silver Creek and Donner und Blitzen Ruadleysthat is
defined in rule (GHVGACQOAR 690-512-0020.. The GHVGAC is the study area used in
Beamer and Hoskinson (2024nd was delineated using twelstigit 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 estimag8821 permitted acres of both primary and
supplemental irrigation groundwater rights in Harney Baaitih only 138 pemitted acres, or
0.1percent, outside theHVGAC (Oregon Water Resources Department, 2015).


https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=180246
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Within the GHVGAC, alfalfa and grass hay are the principal crops irrijatéth
marginal amounts of spring and winter grains and mi& Qépartment of AgriculturBational
Agricultural Statistics Service, 2018)he typical growing seasoa May through September
(Beamer and Hoskinson, 20). Agricultural fields arerrigated with primary and supplemental
water rightsdesignated in WRIEOregon Water Resources Department,2b)2A primary
water rightis the principal water supply foihe authorized (usually permitted, certificated, or
claimed) useand a supplemental water right is any additional appropriation of water used to
make up a deficiency in the supply from an existing (primary) water fg#ds irrigated with
pumped groundgater 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.

TheexpectedJSGS goundwatemodel extent is a 11,270 squamée box around
Harney BasinKigure2), 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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Figure2.  Extent of the US@®undwater flomodeandtheGH\GAC boundary used by Beamer
and Hoskinson (2021).



4.0PreviousGroundwater Use Estimates

Publishedmformation regarding historical groundwater use for irrigation in the Harney
Basinisvery limitedEst i mat es f or t he ear bndotieBB®B8%hfer c an
irrigation wells in the Silvies Subareaindteen of the wellslistedin thatreport arddentifiedas
irrigation wells, but onlyfour? could be tied to water rightsy this curent studythrough research
into OWRD water right files. Severof the nineteeadreported water usé¢hreé of which
could be tied to water right&n additional nine nosirrigation well$ listed inthatreportcould
betied to irrigation water rightfNote wells may have multiple uses atie uses may change
over timg. For 1931, Pipeandothers(1939)estimated about 710 acres of alfalfa and cereals
were being irrigated by groundwater, with an estimated consumptivef s to 32 inches
(1,065 to1,893 acrdeet). The total reported pumpage during 1931 frsixd irrigation wells in
the Silvies Subareaas621 acrefeet (Piperand others1939).

The nextpublishedestimate of groundwater use for irrigation viegd_eonard (1970)
whoused power company recordsestimate groundwater irrigation in Harney Valbtyabout
10,700 acrdeet in 1968 and 7,900 aefeet in 1969, noting that 1968 waslidger year He
estimated that in 196&bout 12,000 acres were covered by groundwater rightai{ 5,000 acres
primary and about 7,000 acres supplemental)abatit9,200 acresvereactuallyirrigated

(including fna few hundred acres f dy8wdild. ch no

The USGSperiodically publishesvater use estimates for the United States as Circulars
usinga census of irrigatealcresandnational oefficientsfor cropwater requirementState
level data for 1950980 and county and hydrologic utevel data for 198%2015are available
Cooper(2002)compared th&985 census dbtal acres irrigatedvithin hydrologic unisin
Oregonto thetotal acres authorizday water rightwithin the same uté andnotedthe actual

acredrrigatedranged frond0to 75 percent othe authorizedacresfor the statgnearly 50

1 Nos. 35, 39, 56, 64, 65, 74, 94, 95, 112, 143, 145, 169, 210, 313, 332, 333, 334, 344, and 348
2Nos. 64, 65, 94, and 143

3Nos. 56, 64, 65, 74, 94, 95, and 112

4Nos. 64, 65, and 94

5Nos. 5, 24, 30, 17, 25, 26, 37, 96, and 206

6 Nos. 56, 64, 65, 94, 95, and 112

b ¢



percent within the Silvies Rivemit), indicatingthatgrowersmay not be usingtheir water rights
to their fullest extentCooperfurthernotedthatonly 43 percent oivater divertedn Oregonfor

irrigation in 1990was actually consumptively used by crops.

Beamer and Hoskinson (20219ed a satellitbasedevapotranspiration (ET) model to
estimategroundwater and surface teairrigation usdor the GHVGAC for select yearsithin
the 19912018 periodThey estimated thajroundwater pumpageas aboub4,000 acrdeet in
1991 and increased to 150,000 afee in 2017 They determinethat 70 percent chewater
pumpedwent toET, 20 percent to wind drift and evaporation, and 10 percent to runoff and deep

percolation

Grondin (2021) estimated the mgbundwater pumpader all nortirrigation usegor the
ertire Harney Basirafter 19990 be6,037 acrdeet per yea(6,937 acrdeet per year total
pumped minus 900 acfeet per year returned to groundwater)

5.0Methods

5.1 Overview of Methaaisd Final Output

This report describes the methods useestanate groundwater pumpage for irrigation
and nonirrigation purposes from wells in the Harney Basin of southeastern Oregon foer 1930
2018.The estimates atiatended to be used fpumpage input for a numerical groundwater flow
model being developed blgg 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 pumpagfor irrigation and the third method estimates pumpage foirngation

uses.

Method laimed to takgroundwater pumpage determined by Beamer and Hoskinson
(2021)and apply theipumpage estimatée wells. Groundwater pumpage for model inputs
substitded other available data in cases where this information was not available in order to have
a complete record of pumping for ttesired time period (1932018) and the entire expected
USGSgroundwater flow model exte(ilethod 2) In determining the propenethod for
estimating groundwater pumpage for irrigation in the abseheeapotranspiration datastudy



by Cooper (2002)vasexamined Cooper (2002) discusses four methods of estimating irrigation
consumptive use: 1) Multiplying acres permitted bynmgted 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 requars (Cooper #4). The estimates from Beamer and
Hoskinson (2021) most closely ftooper #4which was the method selected for the Cooper
(2002) studyCooper #3 is the ideal situation for estimating groundwater pumpage and was
available to some extent thugh the water use reporting program, which began in 1990 but was

not universally applied.

A computemprogram was developed to generate a list of irrigation wells and their
estimated pumpage durig0timestepglisted inTablel) within theexpectedJSGS
groundwatemodelextentusing several data sourc@fie 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 OWRDOs databases,
pandas and arcpy modules within the Python script.

Tablel. Groundwater pumpage was estimated monthly f@0satdctad yeaiom 193

2018240 timesteps in tat@igation use was limited tM#yethrough Septembenths
whereas ndrrigation wastimated yessund

Historical (1930-1990) Beamer and Hoskinson (202)1Selected Years (1992018)

1930 1991 2011
1940 1992 2014
1950 1994 2015
1960 2000 2016
1970 2001 2017
1980 2005 2018
1990 2009

Figure3 shows a decision tree farat type of well pumpage estimate was used for
irrigation uses depending docation and time periodkinal well pumpage estimates for 1991
2018 for theGHVGAC weretaken from water use assigned to ET fields by Beamer and
Hoskinson (2021Method ). Estimates outside tl@HVGAC for 19922018 and for thenodel

extentfor 19302018 were taken from water right authorized water use and were replaced with
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reported watersefrom WRIS (OWRD, 2022h where availableNlethod 2) A field was
correlated to one or more existing irrigation wells where posdibéthiod 1a) and otherwise was
assigned ayntheticwell at the centroid of the fieldMethod 1b). Existing wells were assigned
construction information taken frothe well reports databas@R1D) andthe groundwater
databaseGWIS) (OWRD, 2022e and 2022d)serreported water usevhere available,

replaced the WRKdased estimates becausis iaissumed to be more reliable than acreage and
duty but has its own uncertainties related to accuracy of the measuring equignoentainties

in the reported water use data was not assessed as part of this aftadysesultantiataset was
then corretedbased on a quadratic regression equation deterrtiin@aigh a comparisowith

the ET fieldbased estimates for ti&HVGAC, 19912018.

Because groundwater use for irrigation estimates from Beamer and Hoskinson (2021) are
limited to select years between 1991 and 2018 anrd$86 water use reporting and remote
sensing methodserenot available, water use prior to 1991 was estimated VSRLB. All
estimatesveresubsequently converted into cubic feet per d&ydjffor the entire irrigation
season (May to September) for use inghmundwateflow model. For a well to be assigned to a
timestepafter 1990 it needed to have an estimatealistise date prior to the start of irrigation
season for that year, beingMay{;1 meani ng that well 6s completi ot
snapshot allowed for the authorized use of water for the entire irrigation season. This was a
choice made to simplifgalculations to avoid proating water use for a partial timest&ue to
uncertainties in construction dates for older wells, this constraint was not applied for the 1930
1990 timestepsThe final values to be used in tSGS groundwater flonodelwere derived
from water use reporting values (where availablg)plemented witlvater right authorized use
(acreage times dutyEstimates for each water rigtiérived use wadivided among the wells on
each water right in praptions determined by wedlipecific rates as compared to total maximum

rate on a water right.
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Estimated no#rrigation groundwater use was estimated using the same methods as
Grondin (2021) applied to a larger geographic area and for a longer time perieiri¢\don
well pumpageNlethod3) was estimatedeparately from irrigation uses and was added to the
final irrigation well pumpage values in generating the final output (Appendix H).

52 Assumptions and Limitations of Source Data

Thefollowing assumptions and limitations relate to water use estimaigng water
right informationandwell construction informatioavailable from OWRD databasasdare
essential for understanding the complexitiessiimating water us&here limited datare
available Water right information was used for each of the¢hmethods but was most
extensively used by Method Bhis analysis required creating a new dathgetombining
existing datasets aratlding a new time dimensiao create a series time-dependentables
showingwhat wells were estimated to pampingat different points in timen order toestimate

water use through time and to comptinie new dataset witmonthly ET.
5.2.1Availaliity oiVater UsBata

The Water Resources Departmbas limited resources threctly measure water use
andreported usage is limitealsa For exampletherewereabout 15,000 water righstatewide
in 2019that requird water usaneasuing and repoiihg, about 16 percent of the total number of
water rights in the state. In 2017, the Department received vwsetata for approximately
12,000 water rightstatewideand 150 groundwater rights in the Malheur Lake Basin (out of 670
groundwater rights)

Water right holders may be required to both measure and report waterdesehe
following situationsPursuahto ORS 537.099, Oregon requires governmental entities such as
irrigation districts, state or federal agencies, and municipal water providers to measure and report
wateruseSt arting in the early 199006s, theoDepartm
reporting conditions to new permits, based on the size of the water right. Smaller water rights
may have a condition stating that Awater meas
may have a condition that hAwiated. meWaueemeser
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
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Walla Walla subbasin, and there are seven Criticab@dwater Areganone of which are
within the Harney BasinWater usaneasuremestreportedo the Department are entered into a

water uselatabase that is independent of the water right datéB4RES).

Water use measuring and reporting intaney Basin is similarly limited.
Consequentlymostwater useawithin the area represented by the numerical groundwater flow
model needed to be estimat&thny of those estimates relied upon water rigfdgrmation

particularly permits and certificates
5.2.2 Assumptions and Limitations of Water Right Snapshot Data

WRISis designed to track the evolution of a water right through different snajgsbets
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 stagéhe date on which the application was received is the priority date
Once a water right is in the permit stage, the water right holdexr s@ecified number of years
(with the deadline bei ng iraterpiojecoampproeetthaton dat e
water has been put to beneficial use under the terms of the permit before receiving a certificate.
Various additional conditions andmstraints 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 oratltdorizedvaterproject is incomplete
(not fully developedpy the completion date, the water right holder may apply for an extension
of time to complete the project and retain their legal righisethevater. If the Department
determines that the water right holder has not made a good faith effort to completatbeir
project within the required time period or does not receive any update watidmproject
developmentthe Department may move to caha portion orthe entirepermit. Additionally,
water rightcancellations have historically occurred after five years ofus®) usually meaning
that awaterproject has been abandoné&dcases of cancellatiothis work assumed period of
five yearsprior to the cancellation to be the end of use dabenewaterprojects may require a
changegrom the originalauthorized useand in that case the water right holder applies for a
permit amendment or a certificatansfer which if approved is followebly the issuance of a

superseding permit or certificate.
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WRIS was not designed track water use or torovideanywater use estimatek.is
designed to tracthe maximumauthorizeduseonly (instantaneous rate and annual volyme}
the actual us@NVater rights permits and certificates specify a maxinawthorizedannual
volume of water usper aregauthorizedduty), 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 thaterproject, so there is no way to know how macheages
actudly 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 infamgtinot tabulated into
WRIS nor any othestructured, queryable databaBer example, an estimated 33 percent of the
permitted groundwater rights within the study area were not certificatedSaptaEmber 30,
2021 Consequently, thdevelopmenstatusof those water rightéhoneto partialto full) is

generallyundocumentedunknown, andinqueryable.

Becauseuthorizedvater use begins at the permit stage of a water tigktyork
excludedapplication stage snapshaisd completed transfesnapshotshat have been
supersedelly subsequerntew permit or certificate snapshot$is work assumed that water use
beganon the date that the permit was signed \altlihe constructedvells andfull number of
acresproposed foirrigation onthe projectSnapshot®of certificatesamendegermits, and
incomplete transfers that asabsequent teny noncurrent, norcancelledoermitincomplete
wereanalyzedor water usendependentlyf any prior and subsequent snapshwith the
assumption thahe wells ad irrigated acreauthorizedduring the period of time for which each
snapshot was valjgassuming that what was applied for was whatacasallydeveloped, even
if a permit amendment was submitted lak@r examplea snapshotepresenting permit issed
to develop 40 acres using water from three welsalyzed independentfyom the subsequent
certificatesnapshqtwhich mayindicatethat40 acres frononly two wellswasdevelopedBoth
snapshots (the permit and the certificate) represeristhened conditions at different points in
time (40 acres for both snapshdvsit 3 wells in the permit snapshe¢rsusonly 2 wells in the
subsequent certificate snapshat)clusion of the thirqundevelopedyvell in the permit
snapshofor estimating weer use (pumping) input for the numerical groundwater flow model
meanghatthe model will likely overestimate use frahme thirdwell and underestimate use from

the other twawells. To minimizewater use (pumpagenderestimation at wells actually
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develomd andoverestimatiorat undeveloped wellghis analysis excluded wells that were
proposed on a water right but never drilled. That being gagda common practice ithe

Harney Basino propose use from one well asditch to a different well or wedlas the water
right is developedr-or future estimates of well pumpage, it may be more accurate to apply the
conditions of the final water right snapshot to the prevemagpshots, however, this caguire

detailed analysigo parsesituationsin whichawater rightis split between multiple landowners.

For each snapshatiateruse start and end dates weadculatel to represent the
minimum start and maximum end dates that can be assigned for a Point of Appropriation (POA)
on each gsapshat Thesdime ranges were further limited for each POA based on approximate

well construction dates.

Th e f st assigneddeach evater righsnapshotvaseither the signature date of the
permit or certificate, the cancellation date of the @dény snapshot within the same water right
Afamily, o or the priority date in the absence
creation of WRIS 1985 and the development of the snapdhatkingsystem (2001jlo not
show the same evolutior 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 usasithe start dat€or pending permit amendments or tramsfa
transfer snapshot replathe preceding permdr certificate snapshot while it is pending this
casetheprecedingpermitor certificate signature date was usedthe start date for the transfer
snapshatFor irrigation water rightshe water use analysassumed thesg of an irrigatiorwell
began at the start ofhe first full irrigation season after its constructibat alsarecognizedhat

this is not always the casmdsituationswill likely vary considerably

The f e mssignkdtbigadical, norcurrentsnapshatwas the signature date of the
superseding snapsh@urrent snapshots were assigned an arbiftanye end datéo ensure the

snapshotvould be capturetly this analysis.

Onlywate r i ght snapshots f | agg badbeansconiplettdhng @A co
were selected, and water rigtgplicationghat were withdrawn were not includépermit was
never issuedand water was assumed to have never occur@dy water rights clssified as
Agroundwater o rights were included, which exc

may include wellsThe mly POAs included in this analysis wesells, (excluding streams,
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springs, and sumpdt should be noted thatmps have been inconsistently codedlVRIS as
surfacewaterversus groundwate€onsequentlymany sumps likely ended up being included

the water use analysbecause they were codedWRIS as wells. Snapshots forrgundwater
registration claims wenacluded and represent cases in wlitalproof 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 sz i

(September 1, 2018) weiecludedin thisanalysis
52.3 Assumptions and Limitations of Water Right POA Data

Some complications arose during this exercise relatedgation 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 rightatoount 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 whi
water use waauthorzed andassumed to have occurred). Therefore, the qofemater right
wellsr an within a series of i whatwells éxistedandwérevhi | e 0
assumed to be pumping duriaegch timestefTablel). To account for multiple POAsn a
single snapshoptnstead of assuming an even distribution of pumpage among multiple wells,
each POA was assigneavaightedpercentage based on its maximum allowabte compared
to the total maximum rat@uthorizedon the water right anidh relation to other wells in existence

during each timestep (POA weighted percentage).

Not all water right POAs had been correlated to wagbrs before thistudybegan, and
because well construction is dependent on veglbrtinformation, an effort to complete well
reportto POA correlations was necessary. In cases where the approgonateiction date
could not be determined, the water right priority date was Uisadavater right applicant
proposed well locations and was issued a permit based on those proposed locations, and then
subsequently drilled in different locations than wivas proposed, thoseew POA locations
wonot b enWRASuntilihe gathsfers approvednd the new permit is signed.
Consequently,n order to continue witnternalbusiness processé3WRD staff havénad to

correlate the newOAs to thepreviousy proposed POAsen the old snapshot befailee permit
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amendment has been finaliz8thereforeeven though theewwells are not authorized on the
original permit they become associated with the old permit. In many cases, the number of wells
does not rem@min the same and therefore the correlationsnaperfect This is a limitation of

WRIS and associated business procesisatsfavors the assignment of unauthorized wells to

valid water rightsnapshotsvhile staff wait for the new snapshotbe finalizeda new permit
issued)andresults inpoor quality data in some cases where permit amendroeciis

Additionally, a water right holder may change which well(s) they decide to use, but there is a
delay between when this decisismade and when OWRD is notified of the change, either
through submittal of a CBU or application foparmitamendment or &ransfer. Wells may be
dropped from the permit, replaced with different wells, be drilled in locations that differ from
their proposd locations, omaybead ded when i t 0 sautlbiizedvetiswél not d t hat
supply enough watdor theauthorized watenseproject.After a water right evolves, the

incorrectties betweeithe oldwater rightPOAsandthe newwells are rarelyix ed.

In order to tie ET fields tavells (Method 1)fields weréfirst correlated to water right
POUs based on spatial extent. These POUs were then tied to P@AST field dataset was
heavily timedependent ansh orderto make thidie, this analysis oeated a heavily time
dependat POA tableby estimatingvhen authorized ussccurred After joining the two datasets
spatially, this analysisonstrainedhejoined datasdby only allowing correlations where use was
reported by both datasets fogi@en timestep. ThereforeomekET fields that had been
correlated to POUs based on spatial extent lost their correlation to water right snapgimots
theydid not have a authorized usduring any of the timesteps because actual use did not match
with articipated 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 watemusewasauthorized These dates were furthawnstrainedor each individual
POA based otheestimatedvell construction datéo betterreflect actual useMinimum
construction dates came frd@RID or any construction date that was manually determined by
Groundwater Section staff (taken from GWIS). Where natantion datevas recorded nor
was availablesuch 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 assumedtart 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 sart dates related to multiple water right snapshots. End use dates for each well on each
snapshot came fr om tohtlee dastenavpichlthe well was aandonedsife d a't
any. Note that the construction date is the date that the welhdnitas 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 WRIEGRID.

Acres irrigated by each POA are not tracked in WRIS, although that informatiobhenay
found in the paper water right fileBotal authorizedacreage per ater right is summed from
places of use (POUSi¥ted per water rightandthat total acreageas distributed among the
authorizedPOAs using the weighted percentage calculated by cangptie maximum rates of

each POAor all wells existing duringeach timestep

The resultant POA table with timestepped percentage of water use for each snapshot can
be found in Appendix C. POAs were correlated to weglors based on the best available data at

the time and is subject to correction as new information becomes éwailab
524 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 documentediseparate record (well report or welportrecord).
Most wells constructed prior to 19%ave very limited construction informatioBWIS ties
togetherone or moreavell reportrecords that represent the same well and providesg@lified,
standardizedepresentatioof 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 werertheygocus 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 depthenstruction dates, and location
information. Because GWIS is populated manually on ameasled basis, there may be some
wells for which additionatonstructionwork has been done (a new waportfiled and entered

into GRID) that was nogetin GWIS. These were found by searching for new well repiorts
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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 #eectednodel boundary.

Location and elevation information wakéen from GWIS or filled in with locations from
WRIS and GRID when missing from GWI®/ells not within theexpectednodel maximum
extent were filtered out using the public land survey system (PLSS) to account for any wells that
may not be digitized with katitude/longitude. Thepatialextent chosen for this query was
Township 15 to 35.5 South and Range 23 to 37 East. ElegsaBoonrded in these databafms
these wells varied betweesingthe NGVD1929 and NAVD1988 datums. The elevation,
elevation errgrand datum were all reportedd kept ags for the final outputvithout effort to

shift to a common datum

Well construction date was determined from the best available source, starting with the
earliestdate within the GWIS well construction history l@bwhere welfreporsin GRID are
correlated to th6&WIS well site Groundwater section staff can overwrite wejbortdates 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 construrchdstory table construction dateGWIS
was missing construction dates were taken from GRTDe well construction histomgcords
were related t&RID records by og ID or well tag numbeMWhere no well construction history
table records existetheLog ID of the GWIS sitewas used to find the related GRID record to
obtain the well construction datdf nonethese dates werevailable theearliestpriority date on

all correlated water rights was used.

The final results of this analysis reportedivdepth as both the minimum and maximum
depths okachwell (over all time) to account for wells that have been deepened or altered, and
calculatedan additional timelependent depth. Minimum and maximwall depths were
determinedy comparing depths frothe well construction history table, any related wegiort
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
tableand 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 reportedlvyield as both the minimum and maximum.
Well yield wasdeterminedoy comparing all available well tests, from none to multiple, reported

on related welfleportrecords.

Minimum open interval top was estated for the most current construction of each well
by calculating the minimum start _ _depth value
iperforation, 0 f@scr een’ Wellswith diffefing tohseuctiorposer k 0 wi t
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 feach 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 equivaletdttd the
depth of the well, which was calculated as a tadependent variable). The open ived top is
more likely to change in cases where a well waseaded or additional casing was installed.
Where the top of the open interval was unknown and casing depth was not known, the open
intervaltop was assigned a value of one. Where the top dabplea 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 welind 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 oriEhe open interval shown in the final resultpresergthe most recent
construction of the well and may not refl&tg open intervads it existedt each timestep,

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

The resultant table of timestepped well constarcinformation can be found in
AppendixD. 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.

" For more information about open interval determinationsAgpendix M of Grondin and
others (2021).
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525 Timestep Application

For each timestep, query retsulor POAs and well construction information were
constrainedo account for wells that existed and were assumed to be dutigg that timestep
based on water right snapshot start and end dates. Severdepmedent variables were
calculatedor eachtimestepand were used to determine which wells should be included within
eachtimestepAwe |l | 6s rel ative percentage of the maxi
snapshot wasalculatedbased on how many other wells existed on that snapshot at each
timesep, and the resultant POA percentage became ad@mendent variable. Well depth was
also assigned asatimee pendent variable to capture potent
time. Estimated pumpage by ET field was also used as algpendent varidé for 19912018.
Water rightbasedoumpageestimatedgor 1930-2018werecalculateceven ifthere was no
corresponding ET field estimaite order to comparestimatesanduse this comparison tefine
estimategslerived from water righthformation Reported water use by well was also assigned as

a timedependent variable.

53 Method 1Estimating WI Pumpage for IrrigationtheGHVGAUsing ET Field Data,
19912018

For select years between 1991 and 208 program usek3 field-levd Geographic
Information System@GlS) polygon shapefileilom Beamer and Hoskinson (202&presenting
estimated observegtoundwater irrigation use for tl@HVGAC (Figure4) and transforms these
polygonfiET fieldso to point wells withlocation andconstructiorinformationthatallow
correlating pumpag® modelgrid location andayers Where possible, field was correlated to
one or moreexisting irrigation wek (Method 1a)Otherwise a fieldwasassigned aynthetic
well at the centroid of thigeld (Method 1b) Existing wellswere assigned construction
information taken from GRID and GWI®WRD, 2022e and 2022alrigure5 shows a
simplified flow diagram that outlines the inputs, transformations, and outputs used to estimate

well pumpage for irrigation in theHVGAC derived fron ET field data.
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Figureb.

Water Right POUs
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Simplified flow diagram of the inputs and transformations |edeliegrtio#tienf

final point locatiaepresenting groundwater pumpage using data estimated for ET fields
from Beamer and Hoskinson (2021). The two different outpijsvategdat points

of appropriation (POWith ET field data evenly divided among all POAs associated with
each field and {@®)int locations representing the centroid of each field for which a POA
could not be tied with ET field data directly transiaimegffedd to one point location.
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5.3.1 Groundwat&vapotranspiration Field antiotalrrigated Acres

ThirteenGIS polygonshapefiles were used as inputs for the prograra for each year
for which ET was estimated by Beamer and Hoskinson (202ewere mergedo create a
Amast er DHwhese ditsibute @mbleecan be found in AppendiiraAbleA2). TableAl
summarizes the relevant columused tocreatethis merged layer, along witmy
transformationperformed on each column. The resultant lagpresentsne featurger field
for which groundwater was usadd how much water was estimatedepumped foreach field
for each monthwith an acreage averaged over the entire time period for whiclettievéis
visible. Table2 showsthe number of fieldgepresenting irrigatiosourced from groundwater
increased fron#38 fields (representing0,648acres)n 1991 to972fields (representing4,103
acres)n 2018, and the total number of fields visible throughouetitee1991-2018 time period
was1,464 (representingpproximatelyl08,472acre$). Centroid latitude and longitude values
were calculated fothe resultant laygusingdatum GCS_WGS_1984), and the resaitsin
AppendixTableA2. Water source (surface water versus groundwater) was identified bart
two fieldsthatwere includedn this analysisSource type was attributed by Beamer and
Hoskinson (2021) using mapped OWRD water right places of use (RO#&rted to a 30m
raster layeand some amount of manual attribution where this process.fahegpumpage
estimateseceived fromBeamer and Hskinson (2021) accounted for the groundwater portion
only, leaving any surface water contribution at zEwampage estimatésr fields irrigated with
a mix of surface and groundwasssumed that 50 percent of the wai@pliedto thecropwas
from grounavater Beamer and Hoskinson (2021) only attribusedrce types to fields for the
year 201§Figure6).

8Total acreage for ET fields throughdhe entire1991-2018periodis an overestimation of
actualtotal acreagerrigated Throughout this time period, many fields changed shape and were
assigned a new unique identifier, however; when a field changes &hapg cover the same
physical location as it did previously, meanthgt that acreage @ouble countedThe

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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Table2. Summary of field polygepsesentingigation sourced from groundwedelect yeak9912018 from Beamer and
Hoskinson (202i)d associated groundwater pumpage-{geBand area (in acres)

GHVGAC Estimated Groundwater Pumpagefor Permitted Water Rights Acres Permitted Water Rights Acres

Irrigation (Beamer and Hoskinson, 2021) for GHVGAC* for entire area*

Sum of Groundwater | Number of Area Primary** | Supplemental | Total*** | Primary** | Supplemental | Total***

Year pumpage (acrefeet) Fields (acres)
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 44028 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 65,069 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 weaegreupddunder grimaririgatian.l v Asuppl ement al irrigati«

***A water right can have multiple uses associated withritluding both supplemental and primary irrigation. The primary and supplemental acreages will not
add upto the total showbecausesome supplemental acres oegrithe primary acreghose overlapare not counted twige
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Figureo. Mapped irrigated field boundariesGH¥BA®r 2016 with water source type identified,
where GW right indicates groundwater source type, SW right indicates surface water sour
type, and GW right on SW right indicates combination source type (sourced from Beamer
and Hoskinson, 2021, page 20).

532 Spatial Join ET Fields &defRightPlaces oblse

In order todetermine what wells may be pumped to irrigate each fieldls were
correlated to current and naarrent mapped water rigROUs which are shown ifigure?.
Note that water right POUsr this analysisvere selected frorwithin theentire expectetd SGS
groundwatemodel extentwhereas th&T fields are limited th&HVGAC (Figurel). Over a
thousand 1,374 water right places of use shownRigure7 represent.,218groundwater
irrigation permits, certificates, and claims and when combined total jusidy@00acresof
both primary(91,000acres)and supplementgP4,000acres)rrigation with the earliest priority
date being fronbecember of 192%T fields, which are limited to th e HVGAC between 1991
and 2018total over 108,000 acre85 percent of POU acreage for the entire model e)diece

December 1920 Water right pemit, certificate, and claim snapshetsre selected because they
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are most likely to represent actgmbundvater use, as opposed to application, transfecial
order, and decree snapshatith the exception of active inchoate (roemcelled, nowperfeded)
transfer snapshot®vater right POU current and nauoirrent layers were merged together and

clipped to the model boundary

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO,
USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance
Survey, Esri Japan, METI, Esri China (Hong Kong), {c) OpenStreetMap
contributors, and the GIS User Community

I Vater Right POUs }i

V7 GHVA 0 5 10 20 30
D Harney Basin

[ Harney Model Extent

40
Miles

Figure?. Locations groundater right places of (memary and supplemenigtin thexpected
USGSyroundwater flomodel extent (Oregon Water Resources Departzhgmt|s?02
included is tli@gHVGA®Goundary used by Beamer and Hoskinson (2021).
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Therearea small numberabout100) of water rightPOUsthat are not represented in
Figure7Tbecause they were cancelled or superseded
rights beginning around 1990 @¢Rert 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 us&omerights were abandoned or delayed du&380sflooding from
MalheurLake, which damagkfields and equipment and left some without powemiaitiple

years.

In order to correlate fields to POUsplti-partpolygonfeatures were converted somgle
part featuresn orderto correlate to field boundariesore closelyby ensiring that POUs were
split into individual fields (one field per pargplitting1,374multi-partPOU polygons into
2,387single part polygons before performitvgo differentspatial joins. The first was a join on
field polygonswhosecentroidswere within asingle parPOU polygon and the second was on
single part POU polygons whosentroidswerewithin a field. The results of the two joingere

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

About 321 water rights wer@ot corrdated to fieldsand83fields (almost6 percent of all
ET fields)were not correlated to water rights via the spatial jdd@3Us may not have been
correlatedor several reasons: fheywere selected from the entiegpectednodel boundary
rather than th&HVGAC?, 2) the right is valid butas not been fully developeat, 3) the right
has been cancelled or transferré@ometry between water right POUs and fields likely differ
due to changesver time, and historical wateghts that have since been transferred will not
necessarily have the saffirld geometry asvas observed for the 192D18 time periodThe 83
fields may not have been correlated for several reasoii$iey)are within the margin of error of
the methods sl by Beamer and Hoskinson (2021), 2) water rigbt®ring those areas have
notbeenmapped ) fi el d geomet ry dnoappedwater righuPiOtised amat c h

° The water right POU coverage used in tmslysis covered the entiegpected USGS model

extent This area was used instead of $healler area of th € HVGAC, where all of the ET

fields are locatedn order to avoictutting off portions of POU polygons that may have been
straddling theGHVGAC boundarylf a POUhad 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 haveaused inaccuracies in the subsequent spatial joins.
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permit amendment has not been fjled4) groundwater is being used without a validter

right. Of the83, threewere correlated manually.

Appendix Cshows the results of the spatial joins and manual correlations (POUs and
fields, combined or uncorrelate@heresultant shapefile was converted int8yghonpandas
dataframe to correlate with S and wells, which came from a SQL quefWWRIS, with

supplemental information fro@WIS and GRID
53.3TieWater Right Places of Usmints of Diversion

The primary objective of this step was to convert polyg@usto poins, either as
groundwater righPOAs identified by thepreviously noted SQL quemyr by field centroid where
no water right could be identifiethereby assigning estimated water appliedfield to its
identified source well(spr to anassumed source welFor ET fields correlated to water right
POUs,each field was associated with a water right snagslfa ch st age i n a wate
a 0 s n a which wak then used to associate water IR§DA wells (not streandiversions,
springs, or sumpsPQAs correlated to fieldwere therefore assumed to represent wells pumping
groundwater to irrigate their associated fielaisd multiple wells werassumed to be able to
irrigate multiple fields and the total estimated pagp@ assigned to each field was divided evenly
among all wells tied to thigeld. Fields that were not correlated to ROwere represented as
syntheticwells located at their centem@ssigned an assumed well construchiased upon

average construction okarby wellsand were appended tcetihesultant P@ table.
5.3.4 Estimat@9912018Groundwatdyse folrrigatiom theGHVGAC

For each P@ correlated to m ET field (Method 1a)r for eachET field centroid (a
syntheticwell irrigating that field where no P@s could be correlate thatfield (Method 1b)
theBeamer and Hoskinson (202d43timated pumpage for thaT field was appliedThis value
was therdividedamong thewells, either real osynthetic to whichthe field was correlated~or
ET field centroids (Method 1b), this was a direct translation of one field to onéFaePOAs
representing real wellMethod 1a), the estimated ET field pumpage was dividealyamong
the correlatedvells. These values weréén converted from acffeetto ft%/d by multiplying by a
conversion factor (43,560%acrefeef and dividing by the number of days in the month.
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54 Method 2Estimating Well Pumpage for Irrigatising Water Right Information, 1930
2018

Forirrigation groundwater pumpage estimates withinekpected USGS groundwater
flowmo d e | boundary that could not be derived fr
(2021),pumpage was estimated from water right information (Method 2). This includes
eventhing within theexpected USGS groundwatandelextentfor 19301990 and everything
outside theGHVGAC for 19912018 Figure3). Pumpage was estimatéat the GHVGAC for
19922018 and totaled for each ye ayearytolsic o mpar e t
order to derive a regression equatfbigure10) which was then used to correct the water right
derived estimates:igure8 shows a simplified flow diagram that outlines the inputs,
transformations, and outputs usecstimate well pumpage for irrigation derived from water

right information
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Figures. Simplified flow diagram of the inputs and transformations leading to the determination of fil
point locations representing groundwater pumpage usingni@teratightand
reported water use, corrdzisdd on a comparison to tlgrdeihdwater pumpage
estimates from Beamer and Hoskinson (2021).
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