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|. Introduction

The Ozark Plateau &fourstate region located primarily in southern Missouri andhern
Arkansasand includesmaller aras in northwest Oklahoma and southeast Kafi<gsre J).

The Ozark Plataaconsists ofour physiographic regionthe Springfield Plateau, Salem
Plateau, Sat Francois Mountains and Boston Mountains. Of these four regions only a small
portion of the ringfield FHateau extends into the faoutheastern corner of Kansas. ®nthis
cornerof Kansadiesthe Ozark Plateaaquifer.
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Figure 1: Ozark Plateau
Wikipedia: copyright holder released into pullic domain

The Ozark Plateaaquiferis an important source of water for theadstateregion of southeast
Kansas, southwest Missouri, northeastern Oklahoma and a small poniothefest Arkansas.



The Ozark Plateaaquiferconsistf two aquiferssemrated by a disortinuous confiningunit.
The upper, shallower aquifer is the Sgfiald Plateau aquifer; the lower, deepaquier is the
Ozark aquife(Figure2).
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Figure 2: Ozark and Springfield PlateauAquifers
Figure taken from Kansas GeologiSurveg Open File Report 20020 The Southeast Kansas Ozark Aquifer Water

SupplyProgram

The Springfield Plateau aquifer contains fresh water in southwest Missod northeast
Oklahoma, where it is shallow and can produce water sufficient for dicrpesposes.
However, wéer quality of the Springfield Plateau aquiferKansass poor and mape unfit for
domestic use due to the prior extensive lead and aragnin the areaMining shafts have
allowed contaminated water to moverh thesurfacento the aquifer.

The Ozark aquifer contains usable water in southeast Kansastaedsourcedr most of the
groundwater supplied to area municipalities and nweder districts.At the bottom of the Ozark
aquifer is a brine layeséltwate) that is movingvest to east across Kansakhere has been
some conern that ginificant groundwater pumipg in areas could potentially cause upwejlwf
brines within the quifer ard adversely impact water quality.

In 2004 the Kansas Department of Agriculté@eDivision of Water Resoges KDA-DWR)
established a moraiom on newappropriatonsfrom the agifer in Kansas, except for some
specified exceptions, due to uncamntg at that time about the alable water supply in the Ozark
aquifer, and potential water qitglconcerns. The moratorium referenced a studief
SpringfieldPlateawaquifer and Oark aquifer that was to be completed by December 31, 2010
(K.A.R. 5-3-29). (http://kswater.usgs.gd¥ansas/studies/OzarkAquifer/index.hjymil

The sudy by theU.S. GeologicaBurvey (USGS)with state and local involvement, was actually
complded in August 2009. A decision was made by Chief Engineer David Barfield in
December010 to lit the morataum and reopen tharea to new appropriationghe

devebpmert of regulationto addressafe yield for these aquifers is under consideration.


http://ks.water.usgs.gov/Kansas/studies/OzarkAquifer/index.html

A groundwater well monitring networkwas reestablished in 2004 for the former Ozark &gui
morabrium area. Thaetwork originally consisted of6xxisting wéls and 3DWR-owned
dedicaed monitorng wells that were drilled in 2006l wo of these dedicatiobservation wells
monitor the Ozark aquifer, one at McCune and one at Pittsburg, while tmeelpstlso located
at Pittsburg, monitors the Springfield aquifdihe delicated moitoring wells were initally
equipped with transducers for continuousadatlection. Howeer,in the timdérame of 2011
2017 thedata logging equipmemtn theDWR wdls underwenbngoing failures Ecquipment
issuescoupled with turnovein Parson®ffice staff, resulted in little to no usable datar the
DWR well levels Between 2017 and 2018, transduceese removed, anithe wells were
manually measured as pafttbe regular monitoring netwk. There are now 24 wells on the
Ozark monioring network(including the3 DWR wells). The Cravford RWD 4 wells (CROX
CRO3)were removed from the network in 2Q0Rittsburg Well 11 (R08) was replaced by
Pittsburg Well10 (CRL7) araund 20®. Reconfguredwell headsresulting in resicted tag-
down accesded to the removdrom the network ofGirard well 3(CR05)in 2013,Consolidated
Crawford RWD 1 (CR10) in 204 and Galea bwer well (K08) in 2018.In 2015 the
frequency of measurements was reduced from glya(Mar, Jun, Sep, Dec) td-anrually

(Oct, Jan, May).

In order to deteicthe potential eaward movementr upwelling of saltwatey a network

consisting of 12 wells wasstablished within the existing merk from which wateguality
samples areaken Two sites have since beeemoved fosampling, and there are now ten wells
from whichquality samples areken tri-anrually.

ll. Precipitation

Precipitation in the Ozark Plateatea in Kansas averag#? inches per yeasince 190Mased
on 6 precipitation stationsFigure 3showsthe amual variation in precipation; the red line
represents the averaganfall. This chart was derived from Natioraénters for Environmental
Information(NCEI) stations located in Columbus (Cherokee County), Erie (Neosho County),
Fort Scott (Bourbon County), Morgillen County), Parsons (LalietCounty and Pittsburg
(Crawford County). The data is downloaded then averaged to create the following chart.

In 2019, the highest precipitation total occurredth 68 inches. In contrastthe lowest
precipitation occued in 1963 with 22nches. Annual rainfdl in the 5-yearperiod of 20152019
averagd 52 incheswhichis well above average. Annual precipitatioriadéorthese NCDC
stations is currently available throughl20

Precipitdion does have a directfect on streamflow and recharge tetSpmgfield aquifer, as
these areas are open to receive precipitation in southeast Kansas. Hothev@rark aquifer is
largely recharged near Springfield, Missouri where the rocks crogtthe surface. Therefore,
precipitationfalling in sautheast Kasasprovides minimal reltarge tothe Ozark aquifer, as it is
largely separated from the Spriireyd aquifer by the confiimg layer.
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Figure 3: Average Ozark Precipitation 19062019

I1l. Surface Water

As seen in Figure 4hé Nesho River and th8pring River are the two major river systethst

cut through the former moratorium area bounddmhe Ozark Plateau aquifehough a portion

of theMarmatonRiver Basin isalsoencompassed in the nbeasterrarea of the boumdary The
lower Neosho Reer flows through Neosho and Labetwunties, and briefly flows through the
southwest corner d€herokee County before flowing out of Kansas into Oklahoma. The Spring
River enters Kansas fromiséouri on the eastern side of Cherokee Cpuidws through
Cherolee County, and exits the statiethe southern part of the county into Oklahoma.

Bothriver systems are monitored by the USGS and have streamflow gages positioned near
Parsons, Kansam the lower Neosho River and near Baxteri8ys, Kansas and Quapa
Oklahoma on the Spring Riv@figure 5). In addition, the USGS Spring River gagarn\am,
Missouri is shown, as well as the USGS Shoal Creek gage near Joplin, MO (Figure 5). These
gages measure flow entering Kansas since thtensystems flowestover the state line from
Missoui. Shoal Creek is the tributary to the Spring Riveeetngit at the Empire District

Lake.
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Figure 4: NeoshoRiver and Spring River USGS streamflow gage

Figure5 was derived from the ParsonsSKBaxter Springs, KSQuapaw,OK, Joplin, MO, and
Waco, MO USGS gages and demonstrates how flow can vary each eaBaxterSprings
gage was installed in 2009ollowing the 1951 flood the Neosho River reatperiods of little
to no flow during the dasequent drought-lowsin 2019 were high acss the board, with a

recordaverage flow of P63 cfs at the Parssebage Table 1 shows average annual
streamflows for specific timeframes.



Neosho, Shoal Creek, and Spring River Average Annual Streamflow at USGS Gages
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Figure 5: Streamflow at USGS Gages922-2019

Table 1: Average Annual Streamflow

Average Annual Streamflow
Gage (Period of Record] Period of Record 1990-1999 2000-2009 2010-2019
Parsons (1922-2019) 2801 3643 2758 2973
Quapaw (1940-2019) 2266 2932 2168 2678
Baxter Springs (2010-2019) 2470 N/A N/A 2470
Waco (1925-2019) 969 1342 984 1114
Joplin (1942-2019) 435 547 395 504

In 1984 the Kansas legislature amended the Kansas Water Approprect to establish
Minimum Desirable Streamflow$DS) on certain watercourses in Kansas. $htutory
provision provided for the establiment of MDS flow criériato be deginatedon a umber of
Kansas streams prior to a 1990 deadline. MDS floter@iwasestablislied on the Neosho and
Spring Riveratspecific USGS streamflow gagefable 2represents th®DS valuesfor the
lower Neosho River andthe SpringRiver USGS streamflow gages.

Thelower Neosho Rivegage is located near Parsons, Kamsass tsedin adminsteing MDS
between the lola, Kansas USGS gage and the Parsons, Kansaga#eG 3 heSpring River
gagenearQuapaw Oklahoma is useth adminstration ofMDS at Baxter Springs, Kansag he



MDS values for the Neosho River near Paisio paenthesis in &ble2 representhe spawning
flows that are managed if the reservoir i$lood pool.

Table 2: Minimal Desirable Streamflow (MDS)

River | Gage Jan | Feb | Mar | Apr | May | June | July | Aug | Sept| Oct | Nov | Dec

Neosho| Parsons |50 |50 |50 |50 |50 |50 |50 |50 |50 |50 |50 |50
(100) | (300) | (300)

Spring | Quapaw | 175| 200 | 250 | 300 | 450 | 350 | 200 | 160 | 120 | 120|150 | 175

Figure6 charts the number of days in ea@ar that the mean dgiflow at eachgagewas below
the MDS target flow Please note, this does not representahdays that MDS admistration
occured foreach system. Administrationtisggered wherheactual daily average gsamflow
at the gagdas been less than teeeamflow trigger vale forseven consecutive day§€esséon
of MDS administration occgmwhen the streamfles at the gaghave exceedkthe target flows
for 14 consecutive daySinceMDS was established in 1984, the frequencstidamflow below
the MDS criteria has been less at the Quapaw dgaaye @t the Raons gageThis is partlydue
to the fact thastreanflows on the lower Neosho River are affected by operatiottsreéfedera
reservoirs located within the basin (Marj@ouncil Grove, and Jm Redmond Reservoirs).
Thelower Neosho haa greater p@ntial for flows below MDS crériafor consecutiveears
resulting inthe administratiomf MDS on the Neosho Rivén 2002, 203, 2006,2007, 2011,
2012, and 2013MDS adninistration occurreddr the first time on the Spring Rivar 2006and
then again in 2012
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Figure 6: Number of daysmean streamflow below MDStargets.



V. Groundwater

Monitoring wells used irthis report a& located in the gark aquifer and what we refer to as the
Ozark Plateau aquifer (wells believed to be screened in both the Ozdteadpringfield
Plateau aquifers). There are no known monitoring wells solely screenedSpritiggield

Plateau aquifebesides the dedated observation well at Pittsburg, Kang@R15) which is
charted in Figur®. For this fieldwork summary, gradwater data was grouped ggographic
proximity, not byaquifer. The monitoring well network ishown in Figure7. Figure8 through
Figure10 chart the groundwater levels in tBzark Plateau aquifer

The KDA-DWR curently measures a total o#42vellsin the Ozark Plataaregion. In the past,
up to 30 different wells have beereasureds part 6the monitoring networkLegal
descriptionsand names for monitoring wells are availablé&ppendk A. Since the wells
monitored in theseub-basins are mstly municipal wells that pump yeaound, capturing a
consistenperiod of recovery would be (ii€ult. This lends toften extremevariability in well
level measurementslherefore, anral aveage welllevels were compiled for each location
from theindividual measurements taken each yeBineseannual averageell levelsare
available inAppendx B. The well levels werdurthercharted imo five-year rolling average®
discern longtermtrendsand smooth theariability inherent in the dataset The five-year
aveagesat 2010 (the first year for which a full fisgear average exists) and 2026ére then
compared.

1C
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CRAWFORD COUNTY
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Figure 8: Five-year rolling average of goundwater levelsin Crawford Cou nty wells

In Crawford County there are currentlgightmonitoringwells. Figure 8 showshe goundwater
levelson a fiveyearrolling average. Between 2Q0 and 2020, theve-year aveage levels
recovered by a meélv.27 feet. These reoveies variedirom a minimumof 11.48ft at the
DWR McCune well (CR16) to a aximum of 28.32 feet at the Pittgly Water Plant well 10
(CR17). The standardeviationin the reoveriesof the eght wellswas 5.48 feetln this
andysis, theFrontenac ((R07)2008 valuewas substitied for 2010due to a lack of
measurement dateom 20092011
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GREATER CHEROKEE COUNTY
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Figure 9 Five-year rolling averageof groundwater levelsin Cherokee Countywells
north of 37.10 latitude and west 0f-94.75 longitude (NAD 83)

There are anotheeight wellsin the spatial majority of Cherok&sountyexcluding the far
souheast cornerFigure9 showsthe groundwater levelsn a fiveyearrolling average.
Between 200 and 2020 e five-year aveage levels recovered by a meah37feet. These
recoveries varied from a minimum 4134 feet at the CK RWD 1 Crestline well K1) to a
maximum of40.14feet atthe CK RWD 3well 1 (CK01). The standard deviation the
recoveies ofthe eight wells wag 1.52feet.
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SOUTHEAST CHEROKEE COUNTY
GROUNDWATER LEVELS
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Figure 1Q Five-year rolling average of goundwater levelsin Cherokee County wells
south of 37.10 latitude and east 0f94.75 longitude (NAD 83)

Thereare currently anotheright monitoring wells in the far southstern corner of Cherokee
Courty. A ninth, Galena Tower (CKO8as also included in ihdataset, because it does
contain completandusetil data up to 2018Figure10 shows the groundwater levels on a five
year rolling average. Between 2010 and 2020, theyeae average levetieclinedby a mean
26.46feet. Thesehanges in the rolling average well levedsied from adecline of91.44feet

at theGalena Vested well (CKQ7o arecoveryof 20.27feet atthe Baxter $rings well 5

(CKO06). The standard deviation in thbanges irthe levelsof the eight wells wa83.77feet.

V. Water Quality

Figure 11to Figure 1l4chart sahity andconductivityvalues in theDzarkaquiferand Ozark
Plateau aquiferAnnual aveagevalueswere compiled for each location from timelividual
salinity and condctivity readinggaken each yearTheseannual averageater qualitymetrics
are avdlable in Appendx C. The annualaverage valueserefurthercharted into fiveyear
rolling averageso discernanylong-termtrends The fiveyearaverages at 202 (the first year
for which a full fiveyear average exists) and 2020 were then coatpar
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Figure 11: Five-year rolling average of salinityin the Ozark Aquifer

Figure 11showsthesalinity levels for six wellsn the Ozark Aquifeon a fiveyearrolling
average.Between 202 and 2020, the Yie-year aeragesalinitiesdifferedby a mean0.01 ppt
Thedifferences in alinity averagesaried from a minimunof -0.03 pptat theCK RWD 01
Spencer welto a raximum d +0.01 ppt at the CK RWD 01 Crestline wellhe standard
deviationin the salinity differencesfor the6 wells was0.02 ppt In this andysis,2019 data for

the CK RWD 01 Speoerwell was substituted for 2020 because dwtd not been collected for
thatsitein 202Q
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Figure 12 Five-year rolling average of salinityin the Ozark Plateau Aquifer

Figure 12 showsthe salinity levels forfour wells in the OzarlPlateauvAquifer on a fiveyear
rolling average.Between 202 and 202, the five-year aveagesalinity differences of the four
wells showed almost no na@ clange Thedifferences in alinity averagesaried from a
minimum of -0.06 pptat theCR RWD 4 well 3to a naximum of+0.03 ppt at the CK RWD 8
well 1. The standardeviationin the salinity differencedor the4 wells was0.04 ppt In this

andysis, 2019 data fothe CR RWD 05 wellwas substituted for 2020 because dwta not been
collected for tltsitein 2020
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Figure 13: Five-yea rolling average ofconductivity in the Ozark Aquifer

Figure 13 showsthe corductivity for six wells inthe Ozark Aquifeon a fiveyearrolling
average.Between 202 and 2020, the Yie-year aveageconductivitydifferedby a mean24
uS/cm Thedifferences inconductivityaveragewvaried from a minimunof -0.68 uS/cmat the
CK RWD 01 Spencer welto a maximum of +8 uS/cmat the CK RWD 01 Crestline wellThe
standard deviatiom the conductivitydifferencedor the6 wells was30 uS/cm In this andysis,
2019 data fothe CK RWD 01 Specerwell was substituted for 2020 kegesedatahad not been
collectedfor thatsitein 202Q
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