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Written testimony from Brownie Wilson, Kansas Geological Survey.

Submitted to Ronda Hutton, Kansas Department of Agriculture, on October 12, 2022.

RE: Proposed GMD1 Four County LEMA Hearing, October 17, 2022.

M y name is Brownie W ilson. Iam the Geographic Information Systems (GIS)and Support
ServicesM anagerforthe Geohyd rologySectionatthe KansasGeologicalSurvey(KGS). The
KGS isaresearchand serviced ivisionund ertheUniversityofKansasand hasbeend irected by
the Kansas W ater Plan to provid e technicalassistance to the three western Ground water
M anagementDistricts(GM Ds),theKansasW aterOffice(KW O),and theKansasDepartmentof
Agriculture- Division of W ater Resources (KDA-DW R) in the assessment, planning, and
managementoftheground waterresourcesofwesternKansas.

TheKGS isinvolved withW esternKansasGM D#1 (GM D1)throughavarietyofresearchprojects
and d ata collection efforts. The KGS along with the KDA-DW R activelymeasureswater-levels
acrossGM D1 aspartofthe State’sannualcooperative water-levelprogram (furtherd escribed
below). In ad d ition,the KGS hasmaintained up to eleven continuouslymeasured observation
wellsinthearea,severalofwhich(knownas“Ind exW ells”),areequipped withtelemetrysystems
toprovid ereal-timewater-leveld ata.In2015,theKGS incooperationwithGM D1 and theKW O
completed anumericalground watermod elacrossthearea(W ilsonetal.,2015).Themod elwas
laterrecalibrated in 2020 to incorporate new mod eling techniques(Liu etal.,2022). The KGS
routinelypresentsitsresearchfind ingsand activitiesatthed istrict’sannualmeetings.

AttherequestofGM D1 inAprilof2021,theKGS compared therelationshipbetweenobserved
water-levelchangeand ground wateruseintheOgallala/HighPlainsaquifer(HPA)fortheentire
d istrictand theoverlyingcountiesofW allace,Greeley,W ichita,Scottand LanewithintheGM D1
bound aries. Resultswere presented atthe2021 GM D1 annualmeeting and againatthe2022
annualmeeting along with severalcounty-based LEM A d iscussion meetings using the latest
availabled ata.

Thecomparisonusesawater-balanceapproachd escribed inButleretal.(2016),tocalculatethe
red uctionintheaverageannualamountofwateruseneed ed toprod uce,onaverage,stablewater
levelsoveragivenarea.Theapproachisd ata-d riven,utilizingonlyannuallycollected water-level
measurementsand annuallyreported wateruseestimates. Thefocusofthisstud yisonGM D1
and itsoverlyingcountiesinwest-centralKansas(fig.1).



2

F
ig

u
re

1
.

W
e
s
te

rn
K

a
n
s
a
s

G
M

D
1
,
a

n
n
u

a
l
n
e
tw

o
rk

w
e

lls
,
a
n
d

g
ro

u
n

d
w

a
te

r-
b
a
s
e
d

w
a
te

r
ri

g
h
t
w

e
lls

.



3

Inad d ition,insupportoftheirspring2022 county-based meetingstod iscusstheproposed LEM A
plan,GM D1 requested the KGS provid e upd ated maps showing water-levelchanges since
pred evelopmenttopresentd ay.Published asKGS Open-FileReport2022-8(W ood setal.,2022)
themapsarebased oninterpolated winterwater-levelmeasurementstaken between 2020and
2022 combined with estimatesofthe pred evelopmentwatertable and bed rockelevationsused
bytheGM D1 ground watermod el. The2022-8reportmapsweresubmitted separatelyintothe
LEM A hearingrecord .

AquiferCond itions

The HPA isthe primarysource ofwatersupplyforover98% ofthe wellsand useswithin the
d istrict. Thethickestportionsoftheaquiferarefound inW allaceCounty,justsouthofW eskan,
and withinanorth-southtrend ed troughinScottCountywherethepresent-d aythicknessesare
nearormore than 100 ft(Frossetal.,2012). The erod ed bed rocksurface atthe base ofthe
aquiferhas a significanteffecton the availability ofground waterresulting in aquiferthickness
rangingfrom zerotoover150ftwithinafew milesofeachother.

M apsfrom the 2022-8 report(along with simplified versionsused in the proposed LEM A plan)
show ground waterd eclinesinGM D1 havebeensignificant.Theaquiferthicknesshasd eclined ,
onaverage,by63% acrosstheentired istrictfrom pred evelopmentcond itionstoa3-year2020-
2022 averageof29feet.Ofthefour-countiesund ertheproposed LEM A plan,aquiferthickness
from pred evelopmenttopresent-d ayhasaveraged eclinesof82,40,41,and 16feetinW allace,
Greeley,Scott,and Lane counties,respectively.Thisrepresentsan 80% ,68% ,53% ,and 31%
averagered uctioninthepred evelopmentaquiferthicknessforW allace,Greeley,Scott,and Lane
counties,respectively.Ground waterd eclinesaretheresultofground waterusageexceed ingthe
ratesofnaturalinflowsintotheaquifer.

Thenumericalground watermod eld eveloped bytheKGS in2015 incooperationwithGM D 1 and
the KW O (W ilson etal.,2015)was laterre-calibrated in 2020 (Liu etal.,2022)to incorporate
specificyield valuesd etermined usingthewater-balancemethod outlined inButleretal.(2016)
combined with lithologicinformation, Outputfrom thisupd ated mod elillustratesthe imbalance
where ground waterpumping,thelargestoutflow from theaquifer,isgreaterthantheestimated
rates oftotalrecharge,the aquifer’s largestinflow component(fig.2). Ground water usage
continuallyincreased from pred evelopmentto itshighestlevelsin the mid -1970s,where itwas
d oublethatoftotalrecharge(furtherd iscussed below)and hassincebeengrad uallyd ecreasing.
Thisd eclineinpumpingislikelyfrom acombinationofred uced wellyield sfrom thered uctionin
aquifer thickness and an improvementin the accuracy ofreporting water usage with the
increasingad optionsoftotalizingflow meters(W hittemoreetal.,2018).

Recharge into the aquifer comes from severalsources-precipitation,irrigation return flows,
enhanced precipitation-based rechargeoverirrigated field s,and thed elayed storagereleasefrom
d e-watered unitstonameafew.Inapatternsimilartopumping,totalmod eled aquiferrecharge
increased from pred evelopmentperiod sinresponsetoincreased ratesofirrigationreturnflows,
whichistheamountofpumped irrigationwaterthatinfiltratespasttherootzoneoftheirrigated
crops,eventuallyreturningtotheaquifer(fig.2).
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Figure 2. Annualaquiferbud getfortheactiveareaofthe2020re-calibrated GM D1 mod el.

Averages overthe lasttwo d ecad es ofthe mod elperiod (1994 to 2013)show pumping to be
approximately25% higherthantheannualratesoftotalrechargeovertheactiveareaofthemod el
area. During thisperiod ,annualpumping d emand srangefrom alow of197,433 acre-feetto a
high of316,263 acre-feet,with an average of248,923 acre-feet. In comparison,the estimated
volumeoftotalrechargeranged from alow of162,997acre-feettoahighof206,371 acre-feet,
withanaverageof186,492 acre-feet.Thisd ifferencebetweenpumpingand rechargeresultsin
lossesfrom aquiferstorageeachyear.

Rechargecomingfrom theland surface(precipitationrecharge,enhanced precipitationrecharge,
and irrigation return flows)issubjectto a mod eled d elayfunction,typically9 to 11 years,asit
travelsthroughthevad osezonebeforereachingthewatertable. Rechargefrom thesurfaceis
estimated tobelessthanhalfaninchannually(fig.3)and willlikelyd ecreaseslightly,inresponse
to red ucing ratesofirrigation return flows,overthe nextd ecad e ortwo. Ofthe surface-based
rechargecomponents,precipitation-based rechargerepresentstheprimarysourceofnew water
flowing into the aquifer. Overthe lasttwo d ecad esofthe mod eled period (1994 to 2013),the
estimated average amountofwater flowing into the aquifer from precipitation and enhanced
precipitation-based recharge over irrigated field s averages 27,554 acre-feeteach year. In
comparison,theaverageamountofpumpingoverthisperiod (248,923 acre-feet)isapproximately
89% percenthigher.



5

Figure 3. Estimated annualratesofrechargecomingfrom theland surfacefortheactiveareaofthe2020
re-calibrated GM D1 mod el.

W aterLevels

Eachyear,theKGSand theKDA-DW R measurethed epth-to-waterinanetworkofapproximately
1,400waterwells,acrosstheHPA,aspartofthestate’sCooperativeW aterLevelProgram.The
networkattemptstohave a wellevery16squaremilesand isused to provid e regional-tosub-
county-scalecharacterizationsoftheaquifer.

Customized softwared eveloped bytheKGS,coupled withGlobalPositioningSystem (GPS)d ata,
is used to make sure the same wells are visited each year.The majority ofwater-level
measurementsare taken in late Decemberand earlyJanuaryusing steelorelectrictapeswith
precisionsd owntothehund red thsofafoot.M easurementsarefield checked onsiteatthetime
ofthevisittoensurelocationalaccuracyand thatthecurrentmeasurementiswithinthehistorical
trend ofpastmeasurements.Ad d itionalstatisticaland GIS reviewsarecond ucted latertoid entify
abnormaloranomalousmeasurements.Ifd eemed necessary,wellsiteswillbere-measured the
samed ayorwithinamonth,d epend ingonthecircumstances.

Collected water levels from the Cooperative W ater LevelProgram, along with ad d itional
measurementsfrom otherlocal,state,and fed eralsources,arestored and served onlinethrough
theKGS’W aterInformationStorageand RetrievalDatabase(W IZARD).W IZARD evolved from
the U.S.GeologicalSurvey’s Ground W ater Site Inventory in the mid - 1990s,and tod ay
representsthelargestrepositoryofd epth-to-watermeasurementsinKansas.

W ellsitelocationsintheHPA and theirassociated water-levelmeasurementswered ownload ed
from W IZARD toestimatethewater-tableelevationseachyearfrom calend aryears2009to2022.
Thewellsitelocations,based ontheirlisted geographiccoord inates,werespatiallymapped into
theArcGIS softwareplatform,aGIS mappingsoftware. W ithinGM D1,allofthemeasured well
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locationsused inthisprojecthavebeensurveyed withhand -held GPS units,whichtypicallyhave
horizontalaccuracyrangesof12 to40feet(fig.1).

TheW IZARD d atabasecontainscod esind icatingthestatusofthesiteatthetimethewaterlevel
was measured . M ostwaterlevelmeasurements across GM D1 are taken in the firstweek of
January and contain blank or nullstatus cod es ind icating static or near static water level
cond itions. Pastwaterlevelmeasurementsthatwere cod ed to be “anomalous”from previous
statisticaland geostatisticalreviewswere notinclud ed in thisprojectalong with measurements
takenfrom locationswherethewellwasobstructed ,waspumpingatthetimeofthemeasurement,
had recently been pumped ,or had nearby sites thatwere being pumping atthe time ofthe
measurements.

Thewater-levelmeasurementswereused tocalculate1-yearaveragewinterd epthtowaterfor
eachwellsite,centered oneachcalend aryearfrom 2011 to2021. Forexample,awell’s1-year
average,winter d epth to waterfor 2019 are based on measurements taken in the months of
December2018,January2019,February2019,and M arch 2019. Given mostofthe wellsare
onlymeasured onceayear(over90% ofthetimeinthemonthofJanuary),thewinteraverages
aretypicallyonlycomposed ofasinglemeasurement.However,somewellscould bemeasured
2 or3 timesinasinglewinterperiod .

Forthistestimony,onlywellscontainingcomputed 1-year,winteraveragewaterlevelscentered
on the calend aryearsfrom 2010 to 2022 were consid ered . Ifa wellsite wasmissing a winter
average value forone ofthese targetyears,itwas removed from the d ata set. Und erthese
selection criteria,94 wellsiteswere id entified acrossGM D1. The annualchange in the water
tableoccurringeachyearfrom 2010to2021,wascomputed foreachwellsite.

Ground waterUse

W aterusereportscanbed ownload ed from theonlineW aterInformationStorageand Retrieval
Database (W IM AS)d atabase. These reportsare required bylaw to be submitted annuallyby
waterrighthold ers,ortheird esignee,totheKDA-DW R and penaltiesexistfornon-submissionor
knowinglyfalsifyingthem.A qualitycontrolprogram hasbeeninplacesince1990toreview the
reports and follow up,when necessary,with the water righthold ers to correctmissing or
questionableinformation.A mand atorymetered ord erhasbeeninplaceinGM D1 since2012.

Totalreported ground water water usage was summarized for each unique ground water well
withinGM D1 and itsassociated countiesfrom 2010to2021.Summariesinclud eallground water-
based usagesand waterrighttypes(e.g.,Appropriated ,Vested ,Term,etc.… ).Pointsofd iversion
forthewaterrightswerespatiallymapped intotheArcGIS softwareplatform based ond istances
from thesoutheastcornerofthepublicland surveysystem sectiontheyareinorbycoord inates
from hand -held GPS unitswithhorizonalaccuraciesrangingfrom 12 to40feet.
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Ground waterUseand W ater-LevelRelationships,GM D1

InButleretal.(2016),theauthorsd emonstratehow toapplythefund amentalconceptsofawater
balanceapproachtoseasonallypumped aquifersextend ingovercounty-scaleareasinord erto
prod uce linearrelationships between annualwateruse and annualwater-levelchange. From
these relationships,the red uction in the average annualwateruse need ed to stabilize areally
averaged waterlevels,d efined asQ stable,canberead ilycalculated .

Figure4 showsthisrelationshipbased onwaterlevelsfrom theannualwaterlevelnetworkand
ground water-based waterrightwellsinsid e GM D1 (fig.1). Each d otonthe plotrepresentsthe
totalamountofground waterreported used inrelationtotheaverageannualwater-levelchange
foreachyearfrom 2010to2021.Overthisperiod ,totalreported wateruserangesfrom alow of
111,843 acre-feetin 2019 to a high of236,957 acre-feetin 2012,with an average of165,434
acre-feet.W ater-leveld eclinesrangefrom a-0.06ftin2017(changefrom 2017to2018)to-1.52
ftin2012 (changefrom 2012 to2013),withanaverageannualwaterleveld eclineof-0.55 feet
overtheperiod .

Therelationshipbetweenreported wateruseand waterlevelchangeisstatisticallysignificantwith
an R-squared value of0.85. This ind icates 85 percentofthe variation shown in the average
water-levelchangecanbeexplainstatisticallybyvariationsinthetotalannualreported wateruse.
Based on thiscorrelation ofcond itionsfrom 2010 to 2021,a 32% red uction in average annual
reported usewould allow forstabilized waterlevels,d efined hereasazerochangeinwaterlevels.
Und erd roughtcond itionsseenin2012,thered uctionneed ed tostabilizewaterlevelswould be
52% .

W ater-leveltrend s from continuously record ing observations wells across the Kansas HPA
suggestthese cond itions and the computed Q stable values should hold foratleastthe next
d ecad e ortwo. However,the analysis should be repeated overtime as the components that
make up the water balance (aquifer inflows and outflows) slowly ad justto new pumping
allocationsd etermined byproposed managementplans.
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Figure 4. Averageannualwater-levelchangeversusannualwaterusefrom 2010to2021 fortheGM D1.

Dashed lineisthebest-fitstraightlinetotheplot.Overallaveragecond itionsforbothwateruseand water-
levelchange is represented by the maroon square. W ater use,und er stable water-levelcond itions,is

shownbytheolive-colored triangle.

Ground waterUseand W ater-LevelRelationships,Proposed FourCountyLEM A

Figures5 to8show thewater-levelchangeversusannualwateruserelationshipforeachofthe
countyareaswithinGM D1 listed und ertheproposed FourCountyLEM A plan.Eachcounty’sR-
Squarevalue,averagewater-levelchange,averagewaterusage,and percentred uctionneed ed
toachievestabilized waterlevels,based oncond itionsfrom 2010to2021,areshowninTable1.
In general,water usage and the percentred uctions are the highestin W allace County and
progressivelybecome lowermoving south and east. M uch ofthiscan be attributed to aquifer
cond itions(greaterwateravailabilityin W allace relative to otherareas)and climaticcond itions
(precipitationincreasesslightlymovingwesttoeast).
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Figure 5. Average annualwater-levelchange versus annualwater use from 2010 to 2021 for W allace

County. Dashed lineisthebest-fitstraightlinetotheplot.Overallaveragecond itionsforbothwateruse
and water-levelchange is represented by the maroon square. W ater use,und er stable water-level

cond itions,isshownbytheolive-colored triangle.

Figure 6. Average annualwater-levelchange versus annualwater use from 2010 to 2021 for Greeley
County. Dashed lineisthebest-fitstraightlinetotheplot.Overallaveragecond itionsforbothwateruse

and water-levelchange is represented by the maroon square. W ater use,und er stable water-level
cond itions,isshownbytheolive-colored triangle.
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Figure 7. Averageannualwater-levelchangeversusannualwaterusefrom 2010to2021 forScottCounty.

Dashed lineisthebest-fitstraightlinetotheplot.Overallaveragecond itionsforbothwateruseand water-
levelchange is represented by the maroon square. W ater use,und er stable water-levelcond itions,is

shownbytheolive-colored triangle.

Figure 8. Averageannualwater-levelchangeversusannualwaterusefrom 2010to2021 forLaneCounty.
Dashed lineisthebest-fitstraightlinetotheplot.Overallaveragecond itionsforbothwateruseand water-

levelchange is represented by the maroon square. W ater use,und er stable water-levelcond itions,is
shownbytheolive-colored triangle.
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Table 1
Water-level change / water use relationships from 2010 to 2021, GMD1 Proposed Four County LEMA

county R Square

Average
Water-Level
Change (ft)

Average Reported
Groundwater Use

(AF)
Percent Reduction

(average 2010 - 2021)

Percent
Reduction

(Drought 2012)

Wallace 0.81 -1.25 42,377.44 51% 68%

Greeley 0.74 -0.43 18,127.87 31% 53%

Scott 0.78 -0.45 43,641.70 19% 37%

Lane 0.62 -0.24 15,324.61 17% 46%
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