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Abstra ct 1940) groundwater levels and to update changes in aquifer storage since 1940. Maps covered by the High Plains aquifer in Kansas (fig. 1). The Equus Beds aquifer is an (Kansas Geological Survey, 2011); and well data collected by the USGS are stored in Precipitation age for agricultural irrigation, which averaged about 30,100 acre-ft per year for 1993 central part of the study area in 2010, irrigation pumpage was about 8,700 acre-ft, city The approximately 100 acre-ft of water artificially recharged to the aquifer at the volume from July 2010 to July 2011 represents a depletion of about 31 percent of
of related groundwater-level measurements and water-level changes are presented. important source of water because of the generally shallow depth to the water table, the USGS’s National Water Information System (NWIS) database (U.S. Geological through 2010 and can vary as much as 40 percent from year to year, tended to decrease pumpage about 20,100 acre-ft, and pumpage for other uses totaled about 200 acre-ft. Phase 1 sites (fig. 3) by the city of Wichita from July 2010 to July 2011, none of the storage volume previously recovered from January 1993 to July 2010. As noted
The part of the Equus Beds aquifer in southwestern Harvey County and north- Two hydrographs of groundwater levels were selected to show historical water-level the large saturated thickness, and generally good water quality. Survey, 2011b). All the water-level data used in this report also are stored in NWIS. Precipitation for the study area for 2010 and 2011 was estimated as the arithmetic in years of greater-than-normal precipitation and increase in years of normal to less- In figure 5, therefore, the area of decline of 30 ft or more that is centered outside the which occurred in January through July 2011, was too small to counteract these large previously in the “Study Area” section, irrigation pumpage during 2011 likely was
western Sedgwick County was developed to supply water to the city of Wichita and variations. Information in this report can be used to document and improve under- The Equus Beds aquifer primarily consists of Quaternary-age alluvial deposits, The quality of the water-level data for each well was evaluated by examining hydro- average of precipitation for the five Cooperative weather stations in or near Halstead, than-normal precipitation (Hansen, 2007; Hansen and Aucott, 2010); thus, decreased central part of the study area likely was caused by irrigation pumpage and the area storage-volume depletions (U.S. Geological Survey, 2011a). Major factors in the July greater than the 1993 through 2010 annual average, while city pumpage was prob-
e - standing of the effects of climate, water use, and water-resource management practices locally known as the Equus beds, with some dune sand and loess (Myers and others, raphs of all the water levels available for the well. Where the July 2011 data looked Hutchinson, Mount Hope, Newton, and Wichita (station numbers 143366, 143930 umpage for agricultural irrigation likely contributed to the higher water levels only in of decline of 30 ft or more within the central part of the study probably was mostl 2010 to July 2011 and January 2011 to July 2011 storage-volume depletions in the ably less than its 1993 through 2010 annual average. The decreases in city pumpage
for irrigation in south-central Kansas. The 165 square-mile study area represents about g A . : g practi Y . qut nda y grapi : : y ( ) pe, , , ) pumpag g gation likely € hig 1Ly . p yPp y y y y y 201 g p e y 199 g . averag y pumpag
12 percent of the 1,400 square-mile Equus Beds aquifer and accounts for about one- on water supplies in the Equus Beds aquifer, an important source of water for the city 1996). The alluvial deposits are as much as 250 ft thick in the study area (Leonard and questionable, the data provider was questioned about the values and any corrections 145539, 145744, and 148830, respectively; fig. 1). Values for normal precipitation cur- years of greater-than-normal precipitation. Large-scale artificial recharge by the city caused by city pumpage. study area probably are reduced recharge associated with less-than-normal precipita- that are part of Wichita’s ILWSP (City of Wichita, 2008; Hansen and Aucott, 2010;
third of the withdr a;w als from the aquifer. Water-level and storage-volume decreases of Wichita and the surrounding area. Kleinschmidt, 1976). The Equus beds primarily consist of sand and gravel interbedded provided were applied. The measured water levels can be affected by pumping at rently (2011) used by the National Oceanic and Atmospheric Administration (NOAA) of Wichita, which began in 2007, probably contributed to the continuation of these Table 1 includes average water-level changes for the wells used to make the tion and greater-than-average irrigation pumpage that was about 30,100 acre-ft in Warren and others, 1995) probably are a major factor in the larger percentage reten-
that began with the development of the a;]ui fer in the 1940s reached record to near- with clay or silt, but locally may consist primarily of clay with thin sand and gravel nearby wells; as a result, the interpretation made using these water levels also will are the averages for 1981-2010 (National Oceanic and Atmospheric Administration, higher water levels near the recharge sites (Hansen, 2011b) through January 2011. water-level change maps associated with the storage-volume changes that are also 2010, the last year for which pumpage data are available (Kansas Department of tion of the January 1993 to July 2010 recovery in the central part of the study area
record lows in January 1993. Since 1993, generally higher water levels and partial layers (Lane and Miller, 1965a; Myers and others, 1996). The middle part of the Equus show the effects of these nearby pumping wells. 2011c¢). Standard normal (annual or monthly) precipitation data for weather stations Phase 1 artificial recharge through July 2011 totaled about 2,900 acre-ft (U.S. Geologi- shown in table 1. Water-level changes since August 1940 are larger declines in the Agriculture, Division of Water Resources, unpub. data, 2011), and was expected to (where city pumpage is concentrated) than in the whole study area.
. ’ . . beds generally has more fine-grained material than the lower and upper parts (Lane in or near Hutchinson, Mount Hope, Newton, and Wichita, the representative normal cal Survey, 2011a). central part of the study area than in the whole study area (table 1). However, the be the greatest on record in 2011 (Tim Boese, GMD2, written commun., 2011). Less-
storage-volume recoveries have been recorded in the aquifer. > ) 5 > > ) ) ) )
%, otentiometric maps of the shallow and deep lay e?s of the aquifer show flow in ACk“OWIEdgmentS and Miller, 1965b, Myers and others, 1996). The approximately 700-ft-thick Permian- Water-L | Altitud precipitation data for the weather station near Sedgwick (Cooperative station num- changes since January 1993, January 2007, January 2010, and January 2011 shown in than-average city pumpage, which was about 20,100 acre-ft in 2010 and estimated .
both aquifer layers is generally from west to east. The July 2011 water-level altitudes The auth knowledees the invaluabl St f Debra Arv of the cit age Wellington Formation underlies the Equus beds in the study area and forms the ater-Leve itudes ber 147313; fig. 1), and the pseudonormal precipitation data for the weather station Potenti tric Surf fthe Shall dD Aauifer L table 1 are larger rises or smaller declines in the central part of the study area than in to be similar in 2011 (Debra Ary, city of Wichita, written commun., January 2012) , REferences C|ted
in the shallow aquifer layer ranged from a high of about 1,470 feet in the northwest Wi he‘:tau g{;.lc rI;ow ¢ gfe; ¢ mg a duaG ¢ asiils a?cel\?[ cora ?1)0 ¢ 'etcll\]y ) bedrock confining unit below them (Bayne, 1956; Myers and others, 1996). Storage The Julv 2011 water-level altitudes depicted in the potentiometric-surface manps near Halstead reported by NOAA were averaged to determine the normal precipita- otentiometric surtaces ot the ohaliow ana Ueep Aquiier Layers, the whole study area. The comparison of the August 1940 to July 2010 average water- while contributing to the depletion, probably was not as important a factor. Irrigation
corner of the study area to a low of about 1,330 feet in the,southeast corner of the OGMB:ZI %1"?111 . tlmh ° eie Ot mguus te‘bs : r(;utm water dattlaierper]l (115 r(;ci[ .01' . volume (the amount of water available for use) of the Equus Beds aquifer in the study of the shallozv and deep lavers of the Equu Sp Beds aqui fef were calculated by subir af:: - tion for the study area. Standard normal precipitation values were not available for July 2011 level changes to those for August 1940 to January 2011 and August 1940 to July 2011 pumpage in 2011 in the study area probably was substantially more than the 1993 Aucott, W.R., and Myers, N.C., 1998, Changes in ground-water levels and storage
study area; water-level altitudes in the deep’ aquifer layer ranged from a high of about ’(t ¢ th). elrt ZC rea r:wev;/s contribute dotlrr;ErOYf ?er.m}?t a? ihl Orli clar area in 2006 was estimated at about 2,100,000 acre-ft (Hansen, 2007). ine the depth o water Eelo};v land surfac(]:e in a well (tl‘rom the altitude of lan dysurface at either the Sedgwick or Halstead weather station because collection of precipitation ) ] indicate that much of the water-level decline since July 2010 occurred during January through 2010 annual average of about 30,100 acre-ft and probably was a larger part in the Wichita well field area, south-central Kansas, 1940-98: U.S. Geological
1,445 feet ’on the west edge of the study area to a low of about 1,340 feet in the south- i ¢ 01 asurem: pprecﬁa IIEC‘) » SCI;ISde’;preSS? onitoring « 11lc e Near the Arkansas River and in the western part of the study area, the water table thg well ]f)and—surface altitudes are those stored for the wells in NWIS or WIZARD data at Sedgwick was discontinued in 2004 and precipitation data were not collected The P otentiometric-surface co.ntours.of'the shallow and deep laye.rs of the Equs 2011 to July 2011 (table 1). of the decrease in storage volume than in past years. In 2011, about Survey Water-Resources Investigations Report 98-4141, 20 p.
e;lst corner of the study area. In the northwest part of the study a,rea water-levels can eve ,I,n eisgregnent's at tbe quu (L}lss © Sl 1storllc)morllcllt(\))\r/1.r111§ WEHS. Jd Walter A in the Equus Beds aquifer can be less than 10 ft below land surface. Farther from the or de terr.nine d from the National Elevation Dataset (U.S. Geological Survey, 2009) at Halstead before 2001. As described by NOAA, a representative normal is “scaled Beds aquifer (figs. 3 and 4, respectively) indicate movement. of'water in the aquifer is 46,000 acre-ft of irrigation was permitted in the study area and about 70 drought-
be more than 60 foct higher .in the shallow layer than in the dacp 1a}ier of the Equus " Zc nica rev1zws hy o derrilp oyeel:s : ona ; hl ison and Walter Aucott con- Arkansas River and near the Little Arkansas River, the water table can be at a greater Mo i e o into.t\;vo rougs o descriyb’e diffef- or based on filled values to be representative of the full period of record” for stations g.enerally from west to east across t.he area. Hachured areas 1nd1.cate cones of depres- St Vol ch Julv 2011 term applications were made for as much as an additional 17,700 acre-ft (Doug Aucott, WR., Myers, N.C.., and Dague, B.J., 1998, Status of ground-water levels
. tributed to improved technical and editorial clarity of the report. depth (about 50 ft below land surface in July 2011), depending on the altitude of the & P group ) where the observed record is incomplete (National Oceanic and Atmospheric Admin- sion that likely are related to pumping wells and present exceptions to the generally orage-Volume Lhange, July Schemm, Kansas Department of Agriculture, Division of Water Resources, written and storage in the Wichita well field area, south-central Kansas, 1997: U.S. Geo-
Beds aquifer. Measured water-level changes for August 1940 to July 2011 ranged from : ences between the water levels in the shallow and deep layers of the aquifer. The well ) . . . S easterly flow pattern. Water-level altitudes in the shallow aquifer laver range from a o . logical Survey Water-Resources Investigations Report 98—4095, 15 p.
a decline of 43.22 feet to a decline of 0.17 feet and averaged 12.45 feet. The lare- land surface and the amount of water-level decline that has been caused by groundwa- oned to the shall deen 1 i d ifer based on the | istration, 2011d). A pseudonormal is based on linear combinations of the normals from : y p Y q y g ! h . Iv affected by irricati dei commun., January 2012). GMD2 expects 2011 irrigation pumpage in the study area ’
' : g : : g ithdrawals. Th d thick fth ds aquifer within the stud was assigned to the shallow or deep layer of the £quus Beds aquifer based on the layer : : - - . i high of about 1,470 ft in the northwest corner of the study area to a low of about Storage-volume change is greatly affected by irrigation and city pumpage. Com- be the | 4(Ti > wri 2012): ab
est Aucust 1940 to July 2011 water-level chanees of 30 feet or more occurred in the ter withdrawals. The saturated thickness of the Equus Beds aquifer within the study in which the b fth I . di | d (as described neighboring stations and is used where the station’s record is missing data, commonly ) ‘ ' 1 Iv ab hird of irricati f he E Bed for i to be the largest on record (Tim Boese, GMD2, written commun., 2012); about Bayne, C.K., 1956, Geology and ground-water resources of Reno County, Kansas:
& Y £ . Hvd | f the Studv A from ab i he Little Ark ; Imost 250 f h in which the bottom of the well’s casing or screened interval occurred (as describe L RN - - 1,330 ft in the southeast corner of the study area. Water-level altitudes in the deep monly, only about one-third of irrigation pumpage from the Equus Beds aquifer in i ioati i1 the stud ) - hroush e 17O ; : ’ :
northern part of the study area centered about 2 and 4 miles east of Burrton, Kansas. ydarogeology o the Stu Yy Area area ranges from about 75 ft near the Little Arkansas River to almost 250 ft near the in the “Aquifer Layers” section). The 196 wells assigned to the shallow layer of the because the station did not begin until after the start of the normal period (National ) _ the study area occurs within the central part of the study area and the other two-thirds 90 percent of irrigation pumpage in the study area commonly occurs in May throug Kansas Geological Survey Bulletin 120, 130 p. (Also available at http://www.kgs.
. : i Arkansas River where the lowest areas of the underlying bedrock surface occur (Spin- 1o aquier Lay ' : > Y Oceanic and Atmospheric Administration, 2011b). Normal annual precipitation for aquifer layer range from a high of about 1,445 ft on the west edge of the study area to v . - P Y - July (Andrew Lyon, Kansas Department of Agriculture, Division of Water Resources, ku.edu/General/Geology/Reno/index.html.)
The change in storage volume from August 1940 to July 2011 in the study area ) ] ) ) . > aquifer range in depth from 7 to 101 ft in depth, with about 96 percent of the wells . . T a low of about 1.340 ft near the southeast corner of the studv area. Where the poten- occurs outside of it; all city pumpage from the Equus Beds aquifer generally occurs ; N . . : 8V : :
£ f his vol £ The approximately 165 square-mile (mi2) study area is located northwest of azola and others, 1985). The Equus Beds aquifer is considered to be an unconfined . . . . the study area is about 32.14 inches (in.). This is similar to the long-term (1940-2010) ’ y : p B - N written commun., July 2010). Irrigation pumpage in the study area in 2011 was
was a decrease of about 209,000 acre-feet. This volume represents a recovery o o : , : . . ) : o 80 ft or less in depth. The 87 wells assigned to the deep layer of the aquifer range in L . : tiometric-surface contours bow out to the west (for example, in the middle of T. 24 S within the central part of the study area (Kansas Department of Agriculture, Division . ; : . City of Wichita. [20071. Wichit fut ¢ Iv—a model f
about 46,000 acre-feet, or only about 18 percent of the storage volume previously lost Wichita, Kansas in Harvey and Sedgwick Counties (fig. 1). It is bounded on the south- aquifer, but the presence of clay layers has resulted in semiconfined conditions in some depth from 76 to 285 i in depth with about 97 percent of the wells oreater than 80 ft average annual precipitation of 31.52 in. that was estimated for the study area by ple, : : of Water Resources, unpub. data, 2011). Therefore, changes in city pumpage have estimated at about 42,700 acre-ft, assuming pumpage from previously authorized ity of Wic 1ta, [ VS I, yichita area Tuture water supply—a model program for
between ’Au sust 1940 ; nd January 1993, The largest post-1993 storage-volume recov- west by the Arkansas River and on the northeast by the Little Arkansas River. The areas (Spinazola and others, 1985; Stramel, 1967). These semiconfined conditions may o I()ile th P p £ Hansen and Aucott (2010). Average study-area precipitation for January through July R.2 W. on fig. 3) or are hachured (for example, near weI.IS 4_B’ 21B, and TW23A on more effect in the c:en trzl ;ﬂ o f’ the s tu;i area an ci changes 0 irriy Etionp lglm aoe irrigation permits was equal to the record of 39,200 acre-ft in 2003 (Hansen and ot.her. mun1c1pa.111tles: Wichita, Kansas, accessed March 24, 2099, at htp://www.
ery to date in the study area was about 1'61 300 acre-feet in July 2010. The approxi- land surface in the study area typically slopes gently toward the major streams from an have resulted in the substantial water-level and water-quality differences seen between I;,Véra < dailv surface-water-altitude measurements from data collected by sen- 2011 was about 9.26 in. (National Oceanic and Atmospheric Administration, 2011e, fig. 3 and near wells 42D’ 46D, and §OD on fig. 4), they indicate areas where the water have more offect in the reft of the stud a};ea & & pumpag Aucott, 2010; Kansas Department of Agriculture, Division of Water Resources, wichita.gov/CityOffices/WaterAndSewer/ProductionAndPumping/ASR/FutureWa-
mately 115,000 acre-feet decrease in stora é ¢ volume from July 2010 to July 2011 in altitude of about 1,495 feet (ft) in the northwest to a low of about 1,295 ft in the south- the shallow and deep parts of the Equus Beds aquifer in some parts of the study area sors at six ngS GS Z/treamﬂow- avine stations on the Arkansas and Little ArkanZas 2011f, and 2011g; Kansas State Research and Extension, 2011; and Mary Knapp, State levels are lower tha? in the surrloundmg area, probably because ofpumpmg'at nearby y area. unpub. data, 2011), plus an estimated additional 3,500 acre-ft of pumpage from terSupply. htm.
the study a;ea represents a depletion of about 71 percent of storage volume previously east. The study area represents about 12 percent of the 1,400 mi> Equus Beds aquifer (Stramel, 1956; Ziegler and others, 2010). These substantial differences, along with a Rivers (fig. 1) were used to es%i rﬁ atf the surface-water altitude alone these streams Climatologist, written commun., August 11, 2011), which was less than one-half of the Wells. Potep‘uometnc contours in the northwest part of the study area are oriented irrigation drought-term permits (Tim Boese, GMD2, written commun., 2012). This City of Wichita, 2008, City of Wichita, KS meeting the demands of a growing com-
recovered from January 1993 to July 2010; about 105,000 acre-feet of this decrease and about one-third of the pumpage from the aquifer occurs in the study area (Kansas need to monitor the effects of artificial recharge on the shallow and deep parts of the These me%i.suremen ts were used alone with the eroundwater-level mgeasuremen s in' the January through July study-area normal of 20.43 in. (National Oceanic and Atmo- dlfferently m the shallow (fig. 3) and deep (fig. 4) lgyers of the aqu1fer and the water- Stu dy Area estimate of irrigation pumpage does not seem unreasonable as average precipitation munity: Transformations, Alliance for Innovation newsletter, v. 2, no. 3,
occurred between January and July 2011. li/[ost of this’ depletion probably is because Department of Agriculture, 2011). Pumpage from the Equus Beds aquifer in the study aquifer, led to the construction for this report of separate potentiometric-surface maps construction of the otentiomentric—sgurface mag of the shallow Equus Beds aquifer spheric Administration, 2011c). fevel altltqdes in the shallow {ayer ate up t0 60 ft higher thgn those in the dgep la}yer . . . in the study area for January through July was only about 9.26 in. for 2011 com- p. 6, accessed January 1, 2012, at htip://www.wichita.gov/NR/rdonlyres/
¢ hare f itation th ches fi h Tul area is dominated by irrigation and city use. Total pumpage from the study area in of the shallow and deep layers of the aquifer. P b 1 N of the aquifer. These differences probably are caused by thicker clay layers in this area The storage volume of water in the Equus Beds aquifer decreased in the study pared to 16.70 in. for 2003 (Kansas State Research and Extension, 2011; National 5BF37227-3B18-4092-A72A4-6DE7A27CC4D2/0/AllianceforInnovationNewslet-
of decreased recharge from precipitation t at at 9.26 inches for January throug' July 2010 (latest year for which data are available) was about 51,700 acre-feet (acre-ft), of layer created f01.r this report. Because the groundwater-level measurements used fqr reducing the hydraulic connection between the shallow and deep layers of the aquifer. area from August 1940 to July 2011 by about 209,000 acre-ft (fig. 2, table 1). The stor- Oceanic and Atmospheric Administration, 2011a, 2011e, 2011f, and 2011g). The city ter.pdf
291 1 was less than one-half 9f n'orma! and increased irrigation pumpage associated : avatid ’ aeret), the ghallow aquifer layer were coll.ected over several weeks., eagh streamflow-gaging No obvious effects of artificial recharge can be seen on the potentiometric surfaces of age volume in the study area in July 2011 was about 115,000 acre-ft less than in July f Wichita pum from the study area for January through July 2011 b '
with less-than-normal precipitation: city pumpage probably was less than average. For which about 31,100 acre-ft was for irrigation, about 20,100 acre-ft was Wichita city ) £ ltitude for the d he mid fih d G dwater L | d St Vol ) , , of Wichita pumpage from the study area for January through July was about
the stud ricati precip fi 2y 011)1 pag i) ) dyt bout 42.700 gf 't pumpage, and about 500 acre-ft was for other uses (Kansas Department of Agriculture Method station’s average surface-water altitude for the day at the midpoint of the groundwater- rounawater Leveis an orage voiume either of the shallow or deep aquifer layers (figs. 3 and 4), probably because no artifi- 2010, and about 105,000 acre-ft less than in January 2011 (table 1), indicating about 12,000 acre-ft, (Shelly Bloesser, city of Wichita, written commun., September, 2011); Cunningham, W.L., and Schalk, C.W., comps., 2011, Groundwater technical pro-
¢ study area, irrigation pumpage for was estimated at about 42,700 acre-fee Do e R unpub. data, 2011) ’ ethods level measurement period was used (U.S. Geological Survey, 2011b). cial recharge had occurred at any of the ASR Phase 1 sites since November 2010 90 percent of the storage-volume decrease from July 2010 to July 2011 occurred in this would be equivalent to an annual pumpage of about 21,400 acre-ft, assuming cedures of the U.S. Geological Survey: U.S. Geological Survey Techniques and
and 2011 city pumpage was estimated at about 21 ,4'100 acre-feet. > : > ) S The July 2011 surface-water and groundwater-level altitudes were plotted on the Groundwater-level declines can result from a combination of factors, with the (U.S. Geological Survey, 2011a). 2011 (table 1). Storage-volume generally decreases from January to July; however the fth 1 : hrough Tul it has i Methods, 1-Al, 151 p.
Th tely 29.900 feet d t 1 from July 2010 The central part of the study area (fig. 1), which covers about 55 mi? or about : : . : . . . . . g g y ry y; 56 percent of the annual pumpage occurred during January through July as it has in
e approximately 29,900 acre-feet decrease in storage volume from July . . rea > Crs € Aauifer L potentiometric-surface map of their assigned aquifer layer and manually contoured. primary factors in the study area being pumpage and decreased recharge resulting from Where water-levels in the shallower wells differ from those in the deeper wells in January 2011 to July 2011 decrease is almost an order of magnitude lareer than . e . . . . N
to July 2011 in the central part of the study area represents a depletion of about one-third of the study area, is the historic center of pumping in the study area. The cen- qurier Layers h 1l cl ist, the diff: b levels in the shall dd ipitati i ini o : : e : o Y £ 8 past years (Megan Schmeltz, city of Wichita, written commun., 2009). If true, city Gibson, Campbell, 1998, Population of the 100 largest cities and other urban places
Y p tudy p p . : L Where well clusters exist, the difference between water levels in the shallow and deep less-than-normal precipitation. Droughts and other periods of less-than-normal precipi- the same cluster, they indicate there is a vertical component of flow within the aquifer. the 1997 through 2010 January to July average storage-volume change of about 1 han th. _f i less than th DSOTL, Lamphe” >+ P 5 FIct BIha b
31 percent of the storage volume previously recovered from January 1993 to July tral part of the study area includes wells used to supply water to the city of Wichita and . . ifer lavers commonl less than 2 ft (less than one-half of the 5-ft contour inter- - - ~ . T . : & Y y averag & nie chang . pumpage would be more than the 20,100 acre-ft pumped in 2010 and less than the in the United States—1790-1990: U.S. Census Bureau, Population Division
; ' ; many wells used for irrigation (Kansas Department of Agriculture, Division of Water For the purposes of this report, wells completed and screened in the Equus Beds AARLIET ayers COmmOoTy was fess Hiat ©98 Thal ONE=hA L O” Hhe 5= COTIOUT 1M tation tend to decrease the amount of recharge available and increase demand for, and A downward vertical gradient is indicated where the water levels are higher in the 13,000 acre-ft. Storage-volume amounts in July 2011 were similar to those seen in the 1993 through 2010 annual average of 23,300 acre-ft (Hansen and Aucott, 2010, and Working Paper No. 27 accessed January 10, 2010, at http-// /
2010. A major factor in the greater percentage retention of the January 1993 to July Y ° £ ’ aquifer were assigned to either the shallow or deep aquifer layer. These layer assign- val used for the potentiometric maps) in the same well cluster. Therefore, where water- thus pumpage of, groundwater, resulting in increased water-level declines. Periods shallower wells than in the deeper wells within a cluster; an upward vertical gradient mid-1980s and mid-1990s (fig. 2). £ Aoricul vision of g rap ‘ : uary *J, ’ DWW, CENSUS- 8OV
2010 recovery in the central part of the study area is the decreased city pumpage as Resources, unpub. data, 2011). Total pumpage from the central part of the study area q £ P aq Y Y & level data did ist laver but did exist for the other 1 dth d . - ~ o : ) & Kansas Department of Agriculture, Division of Water Resources, unpub. data, 2011), population/www/documentation/twps0027. html.
W hljy o . Lp DWat s y o Yy pumpag in 2010 (latest year for which data are available) was about 29,000 acre-ft, of which ments were based on Equus Beds Groundwater Management District No. 2 (GMD2) leve ata di not. ex¥st or one layer but di .ex1st or the other layer and the surround- of greater-than-normal rainfall tend to increase the amount of recha.rge gvallable and is indicated where the water levels are lower in the shallower wells than in the deeper From August 1940 (just before Wichita began pumping water from the study indicating city pumpage probably had less of an effect on the January through July
part of Wichita’s Integrated Local Water Supply Plan. about 8.700 acre_ft was for irrigation, about 20,100 acre-f wa; Wichita Ci;y pumpage aquifer zone designations and on well completion and screen depths. GMD2 has ing well clusters indicated the water-level dlff.erences between the shallow and deep d.ecrease the demand for, anfi thus pumpage of, groundwater, resulting in water-level wells within a cluster. Within 19 of the 81 clusters in the study area, the water-level area) to January 1993 (when near-record low water levels and storage volumes 2011 storage-volume depletion than did irrigation pumpage and reduced recharge Hansen, C.V., 2007, Status of ground-water levels and storage volume in the Equus
e ab(;ut e s ot e u; ‘ (Kans;ls Depariment of Asticulire Division’ identified up to four aquifer zones (designated AA, A, B, and C, in order of increasing layerg were small, the data from the .other a}qulfer layer were used as supplemental data rises. .Ifthe water-level declines or rises are large enough, they may locally a}ter the differences in July 2011 between the shallower and deeper wells were 1 ft or less and occurred in the study area because of a combination of drought conditions and from precipitation. Beds aquifer near Wichita, Kansas, January 2003—January 2006: U.S. Geologi-
of Water Resources, unpub. data, 2011) ’ depth) within the Equus Beds aquifer where there are competent clay layers separat- to guide the placement of the potentiometric-surface contours. The locations direction of groundwater flow. An annual cycle of water-level declines and rises gener- probably do not indicate a substantial vertical component of flow; within 3 of the increased usage), storage volume decreased by about 255,000 acre-ft in the study cal Survey Scientific Investigations Report 2006-5321, 34 p. (Also available at
Introduction The Equus Be(’is apuifer is t,he east'ernmost extension of the Hich Plains aquifer in ing them (Tim Boese, Equus Beds Groundwater Management District No. 2, written of points of groundwater d1vers10n§ and the 2010 water-use associated with these ally occurs in the study area. Typically, the largest water-level declines occur during 81 clusters, the July 2011 water levels in the shallower wells were from 1 to 2 ft lower area (Aucott and Myers, 1998). The change in storage volume from January 1993 to http://pubs.usgs.gov/sir/2006/5321/.)
Kansas (Stlj]llken and O?hers 1985; Hansen and Aucott, 2001). The ]gfquus Bedg aquifer commun., 2009). The A, B, and C zones are similar to the upper, middle, and lower points (Kansas Department of Agriculture, Division of Water Resources, unpub. data, the summer or fall when agricultural-irrigation and city pumpage are greatest (Aucott than those in the deeper wells. However, within 59 of the 81 clusters in the study area, July 2011 represents a recovery of 46,000 acre-ft (table 1) or only about 18 percent of Central Part of Study Area - C.V. 2009, Status of FEISTIN fume in the E
) ; ) . . . . . . i i : : o : . . . ansen, C.V., a, Status of ground-water levels and storage volume in the Equus
Beginning in the 1940s, the Wichita well field was developed in the Equus Beds covers about 1,400 mi® in Kansas, or about 5 percent of the approximately 30,900 mi> aquifer units defined by Myers and others (1996) and previously discussed in the May 2011) also were used to guide the location of the contours. and Myers, 1998). .Thls.cycle of annual wgter-level dechnfes and rises is reﬂect.ed o the water leve.I s th.e shallower wells were more than 1 ft hlgher than ‘Fhose in the storage volume lost between August 1940 and January 1993. Between January 1993 The change in storage volume in the Equus Beds aquifer in the central part of Beds aquifer near Wichita Kg;msas July 2008: U.S Geologgical Survey Scient(i]ﬁc
aquifer in southwestern Harvey County and northwestern Sedgwick County to sup- “Hydrogeology of the Study Area” section. GMD2 monitoring wells generally are in the annual fluctuations in the wate.r levels in wells shown in figure 2 The consistently deeper wells, 1nd1<?at1ng that a downward component of ﬂow in the aquifer may have and July 2010, when the largest post-1993 recorded recovery to date occurred, about the study arca (where Wichita city wells are located) from August 1940 to July 2011 Investigations Map 3075 ’map S caf c 1:34 480: ( Als o available at: http://pubs.
ply water to the city of Wichita, which has been the largest city in Kansas since the Approximate extent of clusters (closely spaced wells screened to different depths) with each well screened Water-Level Ch ange large seasonal water-level ﬂucftuatmns (pqmmonly from 5 to 20 ft) in well 104 prob- been common during July 2011. In 32 of the 81 clusters in the study area, the water 161,300 acre-ft of storage volume had been recovered in the study area (table 1); this was a decrease of about 85,900 acre-ft (fig, 2, table 1), Storage volume in the central usas.gonsim3073/) > )
mid-1940s (Williams and Lohman, 1949; Gibson, 1998; U.S. Census Bureau, 2010). High Plains aquifer in in a different aquifer zone. For this report, wells designated by GMD2 as completed ably are caused by nearby agricultural-irrigation pumpage. levels ranged from about 6 to about 61 ft higher in the shallower wells than in the represents a recovery of about 63 percent of the storage volume lost between August fth g . 1’ 2011 bg. ’28 200 ’ f lg han ; 2011
In addition to supplying drinking water for Wichita, the other primary use of water Kansas (from Juracek in zones A or C were assigned to the shallow or deep aquifer layers, respectively; no The water-level change at a well since August 1940 was determined by subtract- Record to near-record water-level declines in the Equus Beds aquifer occurred deeper wells in July 2011. These larger differences indicate that at these clusters the 1940 and January 1993. These recoveries were attributed by Hansen and Aucott (2010) part of the study area in July wvas about 28,80 acre- 1t fess than in January Hansen, C.V., 2009b, Status of groundwater levels and storage volume in the Equus
o T . . and Hansen, 1995) . . e . : ) in October 1992 and J 1993 (Aucott and M 1998: H d Aucott . . o and about 29,900 acre-ft less than in July 2010 (table 1). From January 1993 to . o . . .
from the Equus Beds aquifer is crop irrigation in this agriculturally dominated part wells designated as completed in zones AA or B were used in this study. The city of ing the depth to water below land surface in July 2011 from the depth to water below n Vctober and January (Aucott and Myers, ; Hansen and Aucott, two aquifer layers probably are not well connected. If nearby wells pump from only and Hansen (2011) to the approximately 50 percent decrease in city pumpage as a part ) 1 1 th I Fthe stud ) dby ab Beds aquifer near Wichita, Kansas, January 2009: U.S. Geological Survey Scien-
of south-central Kansas (Rich Eubank, Kansas De : P - Wichit itors clusters of historic and ind itori 1ls. The shall 1 . 2001). Although the maximum recorded decline in storage volume in the Equus Beds one aquifer layer, the water-level differences between wells within a cluster may be f Wichita’s ILWSP and to d d irrigati di d rech July 2011, storage volume in the central part of the study area increased by about tific Investigations Map 3087, map scale 1:84,480. (Also available at http://pubs.
- , partment of Agriculture, Division P Ichita monitors clusters ot historic and mdex monitoring wells. I'he shallower we land surface at the same well in August 1940. All wells used for the water-level change . ; iy q Yer, y o1 Wichita's and to decreased 1rrigation pumpage and imncreased recharge 68,100 acre-ft (table 1) or about 44 percent of the storage volume previously lost g p , map > p:/7p
i i i e i h histori ind 11 cl d to be in and assigned to the shal-  tor o . aquifer occurred in October 1992, the January 1993 storage-volume decline is used for reater than if the nearby wells were not pumping. iated with h 1 itation Th ; I > p g p y usgs.gov/sim/3087/.)
of Water Resources, oral commun., 2008). The decline of water levels in the aquifer - 1n each historic or index well cluster was assumed to be 1n and assigned to the sha maps were historic monitoring wells or index wells. Of the 148 wells used for the ) 7 g y pumping assoclated with greater than normal precipitation 1n most years. The approximately f A 1940 to J 1993 F ] 2007 (iust before 1 le artifi g5.8
ichi 1 SRS 1 ifer layer: th i h cl i i : . comparison purposes to minimize the effect of seasonal factors (Hansen and Aucott, _ft of h ificiallv rechareed to th ifer by the citv of rom Augus 0 January - F'rom January (just before large-scale artifi-
was noted soon after the development of the Wichita well field began (Williams and T ot ow aquifer layer; the deeper well in each cluster was assumed to be in and assigned to water-level change map, 135 are in the shallow layer of the aquifer. Only 37 of the 148 2,800 acre-ft of water that was artificially recharged to the aquifer by the city o cial recharge began) to July 2011, storage volume in the central part of the study area Hansen, C.V.,, 2011a, Status of groundwater levels and storage volume in the Equus
; . ) . A . . ) o o . . , ,C.V, ,
Lohmap, 1949). As water levels in the aqu'lfer decline, the volume of wats:r stored in s [ ! i _ th? ietfptaqulfetzlaylfrll 1Zleglef1 zﬂd Otherfts (ZfOtLO);SCd a Bde(};th Ofio f'f:S theldl\.ndlr;g wells used for the water-level change map haq measure;d water 1eve¥s for August 1940. Water-Level Ch anges, August 1940 to July 2011 WIChlt? thrO‘{gh t};e Sth Ph?}ie } rechar%eg Sl3tets (fgi 32)0flrgtharCh 2(1)07 to July 2010 decreased by about 3,000 acre-ft (table 1). About 68,000 acre-ft of storage volume Beds aquifer near Wichita, Kansas, July 2010: U.S. Geological Survey Scientific
the aquifer decreases and less water is available to supply future needs. Since 1940, & o % Marion pomt between the shallow and deep parts ot the Lquus beds aquiter. An analysis o If an August 1940 water-level measurement did not exist for a well in the study area, 440 400,000 was only a munor factor mn the January o July storage-volume recovery was recovered in the central part of the study area between January 1993 (when near Investigations Map 3159, map scale 1:84,480. (Also available at Attp://pubs.usgs.
the U.S. Geological SurVey (USGS), in COOpeI’ation with the Clty of Wichita, has moni- : C];:;ety i ‘ ,Mg::l:;;on County the GMD?2 and Clty of Wichita well Clustersl m the Study area shows about 90 percent one was estimated from the August 1940 water-level altitude map of Stramel (1956) 1,430 E_l T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7T , Water-level Changes from August 1940 to July 2011 are shown in ﬁgure 5 Water (US GeOlOglcal. SurVey, 201 la) . . record low Storage volumes Occurred) and July 201 1’ which is more than the gov/Slm/3]59/)
tored changes in water levels and the resulting changes in storage volume in the Equus L ' ferm T Harvey of the GMD?2 zone A wells and shallower historic and index wells were completed and as modified by Aucott and Myers (1998). The August 1940 to July 2011 water-level- .8 ' F levels were measured in the historic monitoring wells by city of Wichita personnel The approximately 115,000 acre-ft decrease in storage volume in the study 46,000 acre-ft of recovery in the whole study area
Beds aquifer as part of Wichita’s effort to effectively manage this resource; this report & ) & ALY County screened to a depth of 80 ft or less, and about 90 percent of the GMD2 C zone wells change values for the measured wells were plotted on the map and manually con- 52 1420 3 watcrlil%zcll alttude 0000 4 from July 25 through 27, 2011, and on August 1, 2011; water levels were measured area from July 2010 to July 2011 represents a depletion of about 71 percent of storage ’ Between January 1993 and July 2010 (when ihe largest recorded recovery to Hansen, C.V., 2011b, Status of groundwater levels and storage volume in the Equus
documents these changes to July 2011. | River 2N 07143665 3 Ny I and deeper historic and index wells were completed and screened to a depth of greater toured. =< 1410 mwe 5 in the index wells by GI\;ID2 p;rsonnel on July 2’1 an d’22 2011. Water-level changes volume previously recovered from January 1993 to July 2010, with about 105,000 date occurred) about}; 2,000 acre-ft }(]) f storage volume wis recovered in the c?rlnral Beds aquifer near Wichita, Kansas, January 2011: U.S. Geological Survey Scien-
. .. ! HERS PR _ i : 3 o 140045 200,000 S ‘ ’ : B . - i i ’ . i igati : . i : .
In 1993, the city of Wichita adopted the Integrate'd Local Water Supply Plan d 3 P ! thar} 80 ft. This indicates that the use of thc? 80-ft de.pth as the c.11V1d.1ng pomt be.:twleen 28 B A ' 8 from August 1940 to July 2011 ranged from a decline of 43.22 ft at well 1B in the cen- acre-ft of that depletion occurring from January 2011 through July 2011 (table 1). part of the study area (table 1). The approximately 29.900 acre-ft decrease in storage tific Inve/st}ge/lgl;);l; Map 3192, map scale 1:84,480. (Also available at http://pubs
(ILWSP) to ensure an adequate water supply for the city through 2050 and as part : ~ Ry ) Newton aquifer layers was reasonable when assigning the city of Wichita historic monitoring 5z A0E Water-level altitude in well 886 < tral part of the study area to a decline of 0.17 ft at well P27A near the west edge of the usgs.gov/sim J)
of its effort to effectively manage the part of the Equus Beds aquifer it uses (City of ! '_j_': \%07143672 E " wells not in clusters into either the shallow or deep layer of the Equus Beds aquifer Storage-VOIume Change E g 3% 3 100000 2 study area of the study area (fig. 5). The average August 1940 to July 2011 water-level Table 1. Storage-volume changes and average water-level changes in the Equus Beds aquifer near Wichita, south-central Kansas, August 1940 to Hansen, C.V., and Aucott, W.R., 2001, Status of ground-water levels and storage
e . : . ey 7 l ; ; ; & % 1,370 2 e e . . - - ' - ' s e Ves > VW, > -
Wichita, [2007] and 2008; Warren and others, 1995). ILWSP uses several strategies : f;jBumon. u] ke, 0 14574 i and no other information was available. Change in storage volume for the purposes of this report is defined as the change =9 30 0 by change for the wells shown in figure 5 was a decline of about 12.45 ft (table 1). No July 2011. volume in the Wichita well field area, south-central Kansas, 1998-2000: U.S.
to do this including (a) greater reliance on other sources of water from outside the E S ™ Helstead ¢ . . DL . . . . 2w HE Storage-volume change £ bvi ffects of artificial rech d ted at the Ph 1 sites in thi it Geological S Water-R I tioati R. t 00-4267. 27
study area (for example, the Bentley Wellfield south of the Arkansas River, Cheney : < he T \\ in saturated aquifer volume multiplied by the specific yield of the aquifer. Specific S 2 1350 F in central part of study area 2 obvious etiects ot ariicial recharge are documented at the fhase 1 sites mn this report, [Data on filo with U.S. Geological Survey, Lawronce, Kansas] eological Survey Water-Resources Investigations Repor ,27p.
Reservoir on the North Fork of the Ninnescah River, and the Wichita’s Local Well A , | Water Levels yield is the ratio of (1) the volume of water a rock or soil will yield by gravity to ST 10 W 100000 probably because before July 201, artifictal recharge last ocourred in November 2010 ’ ’ Stud Central part of stud Hansen, C.V., and Aucott, W.R., 2004, Status of ground-water levels and storage
P - S 143366 ! . . . o = E Y e . s ' = : _ : : . ] , GV, , W.R., N -
field at the confluence of the Arkansas and Little Arkansas Rivers), (b) encouragin <>143930\‘ $T313g1 Sedewick — (2) the volume of rock or soil (Lohman and others, 1972). A specific yield of 0.2 has 5.5 1330F ff{i'n':i 11\121:811:]]\% area s (U.5. Geological Survey, 2011a). Water-level flechnes of 10 ft or more oceurred in Heyare A par oSy e Proport|9n of storage-volume volume in the Equus Beds aquifer near Wichita, Kansas, January 2000—-January
' i ' ) gIng ety ! : Groundwater levels were measured from July 8 through August 1, 2011, at been used to compute the chanees in storage volume in the Equus Beds aquifer since 5 S E S8 M S & much of the central part of the study area and in T. 24 S. R. 1 W.; declines of 30 ft or . . change in the study area that ] . ’ S
conservation, and (c) developing the Aquifer Storage and Recovery (ASR) project N o Sedgwick e i : e p g g q q = g 1320F -200,000 . . . Time period Storage-volume Average water- Storage-volume Average water- . 2003: U.S. Geological Survey Water-Resources Investigations Report 03—4298,
. L pmng q ge and ¥ Y pro) o "- g0 County 156 historic monitoring wells, 76 index wells, 49 GMD2 monitoring wells, and Stramel (1956) first computed storage volume for the aquifer. The use of a specific < 130 more occurred in the northern part of the of the study area centered about 2 miles (mi) changes (acre-feet) level change (feet) changes (acre-feet)  level change (feet) occurred in the central part of 36 p. (Also available at http://pubs.usgs.gov/wri/wrir034298/.)
WIt},l an an1ﬁ01al—r§ charge capacity of as much as 100 mll.hon gallons a day. The ASR VA , Y, A 145539 ', Valley Center 2 ASR Phase 1 monitoring wells. The historic monitoring wells have been used by the ield of 0.2 retained in this r b noted by Hansen and A 2001 O T A T T T T P T ST T T T T northeast and 4 mi east of Burrton, Kansas (fig. 5). These declines likely were caused 9 9 9 9 the study area (percent) ’ ’ ’ ) )
roject also is designed to help protect the part of the aquifer used by the city from v . o Mount yield of 0.2 was retained in this report because, as noted by Hansen and Aucott (2001), 1,300, 300,000 o o
?h ) hrment gf Ifield bp.p B l?“rt d Cllu ut § y 0 Ayk Lol e city of Wichita for monitoring water levels in the Equus Beds aquifer for years, many it is within the range of most estimates of specific yield, has been the basis of many S § 888 88 8 8 8 8 8 ; g g% by reduce'd .recharge from decreased precipitation and by pumping in the area. _ August 1940 to January 1993 1.255,000 -16.07 1-154,000 -24.09 60 Hansen, C.V., and Aucott, W.R., 2010, Status of groundwater levels and storage
e encroachment of oilfield brines near Burrton and saline water from the Arkansas <0 Boundary of since the 1940s (Stramel, 1956). The index wells were installed in 2001 and 2002 to historical computations. and b here is no seneral asreement on an aver. - - - - - - - - - - = = Precipitation during January 2011 through July 2011 at the five weather stations volume in the Equus Beds aquifer near Wichita, Kansas, January 2006 to January
River. In 2007, the city of Wichita began using Phase 1 of the Equus Beds ASR project !\~ £ central part . o . . storical computations, and because there 1s no general agreement on an average . : . August 1940 to January 2007 2-167,000 -10.42 2-82,900 -13.78 50 . o .
L ’ y e beg & 4 proJ | Andalet ! 0y area monitor the effects of artificial recharge on the water quality and water levels in the value of specific yield for the Equus Beds aquifer in the study area. Figure 2. Water-level altitudes in monitoring wells 104 and 886 and Equus Beds aquifer in and near the study area (Halstead, Hutchinson, Mount Hope, Newton, and Wichita; 2010: U.S. Geological Survey Scientific Information Report 2010-5231, 42 p.
to increase the long-term sustainability of the Equus Beds aquifer through large-scale | v . o S p y 1 q y g g q a : : ; fohi August 1940 to July 2010 3-93,700 -6.72 3-56,000 -10.13 60 . ;
artificial recharee (gCit of Wichita [2307]) ThquSR ro'egt Uses wateffro n;gthe s L i RS Equus Beds aquifer and to deterrmpe if there are vyater—quahty dlffergnces between the The change in storage volume from August 1940 to July 2011 was computed storage-volume change in the study area and the central part of the study area (water- fig. 1) ranged from al?out 6.6'6 in. at Hutghmson to about 1'2.65 in. at ch'hlta and g y . : = : (Also available at http://pubs.usgs.gov/sir/2010/5231/.)

Little Ark gR. e th ’ 46 i the ri dp ) v or f 1Is in the ri - G - shallow and deep layers of the aquifer (Andrew Ziegler, U.S. Geological Survey, oral using computer-generated Thiessen polygons (Thiessen, 1911) that were based on the level-altitude data are from Stramel (1956, 1967) and data collected by city of Wichita that averaged about 9.26 in. (National Oceanic and Atmos'pherlc Administration, 2011e, August 1940 to January 2011 -104,000 -6.99 -57,100 -9.80 33 Juracek. K.E.. and Hansen. C.V.. 1995. Dicital maps of the extent. base. top. and
ttie Arkansas Kiver-—elther pumped trom the rver directiy or from wells in the riv- " commun., September 2003). The GMD2 monitoring wells were installed for GMD2 or measured water-level changes at wells and the manually drawn lines of equal water- are on file with U.S. Geological Survey in Lawrence, Kansas; storage-volume changes are 2011f, and 2011g; Kansas State Research and Extension, 2011; and Mary Knapp, State August 1940 to July 2011 -209,000 -12.45 -85,900 -14.62 41 P HSEtL, o Ve, (O, LIS THADS OF T » Dase, top, anc.
erbank that obtain their water from the river by induced infiltration—as the source of County . - - ~ casured wafer-level changes at wells and the manually drawn Jines of equal wate g y ' ' g g Cli logi : A 20 initation in the stud 1991 potentiometric surface of the High Plains aquifer in Kansas: U.S. Geologi-

artificial recharge to the Equus Beds aquifer (City of Wichita, [2007]). For Phase 1, the elleld are existing wells used by GMD2 to monitor the Equus Beds aquifer. The ASR Phase 1 level change. Thiessen polygons apportion the water-level change at each well and the from Stramel (1956, 1967), Aucott and Myers (1998), Aucott and others (1998), Hansen and imatologist, written commun., August 11, 2011). Average precipitation in the study cal Survey Open-File Report 95-758, map scales 1:500,000 and 1:1,000,000.
water pumbed (%irectl frofn the Little (/]\rkansas I{iver is treated to reduce sediment and O monitoring wells were installed to monitor the effects of recharge around the six ASR estimated value at points representing the lines of equal water-level change to the area Aucott (2010), Hansen (2011a, 2011b), and unpublished data on file with U.S. Geological area for January 2011 through July 2011 was 9.26 in., less than one-half of the study- January 1993 to January 2007 2188.000 6.90 471,100 11.08 ]1
p . pec bef y bei hareed to th ifer throush rech basins: wat ‘ Phase 1 artificial recharge sites; only two of the wells around recharge site RB1 were around the wells and points. The volume of storage change was computed by summing Survey in Lawrence, Kansas). Locations of monitoring wells are shown in figures 1 and 5. area I'lo.rmal .of 20.43 in. for Jar}u.ary through July (I\'Ia.t101.1a1 chamc and Atmospheric p—————— g e Epp— {415 61 Kansas Department of Agriculture, 2011, Wichita well field sees improved water
;inr;%veiiafrrjiﬁ\felfs ' the riverbank does not receive additional treatment lile:rlfsc;rzvﬁeeiflg YT —g—— ' D T 7 e measured in July 2011~ , - the area of each Thiessen polygon multiplied by the water-level-change value associ- Adminisirarion, 20119)-In addition, July 2011 precipitation In the siudy area, J \ 1993 to J 1y 2011 +46,000 5.00 +68,100 0,84 148 T Paes, accessed February 13,
recharged to the aquifer through recharge wells (Debra Ary, city of Wichita, written T oo Mereater EXPLANATION | S R e py— Water levels in the .hIStOQC monitoring wells were me.asu.red by city of Wichita ated with the Thiessen polygon, and then multiplied by the specific yield. To determine 2001). Recent reports have indicated that from January 1993 to January 2011, higher which a'Veraged.O.'74 In., 'only was about 21 percegt of the JUI}_’ study-area n.ormal anuary 0 July ) : ’ : 2012, at http://www.ksda.gov/dwr/content/314/cid/1773.
g q g g Iy, City > personnel; water levels in the index wells and GMD2 monitoring wells were measured h rase-volume chan ince A 1940 in the whol dv ar nd in th n- . . _ of 3.56 in.; precipitation in July ranged from 0.18 in. at Hutchinson to 1.45 in. at January 2007 to July 2010 3+73,300 3.83 3+26,900 3.61 37 . .
commun., 2012) ' mot the storage-volume change since August the whole study area a the ce water levels have been recorded in the Equus Beds aquifer because of near-normal o . ; . St Kansas Geological Survey, 2011, WIZARD water-level database: Kansas Geologi-
- . [ ] Studyarea ®  Demonstration project artificial recharge site by GMD2 pe.rsonnel. .Water levels in the Phase 1 monitoring wells are collected by tral part of the study area, the computation was done for the Thiessen polygons within to greater-than-normal precipitation and decreased city pumpage (Aucott and Myers, Wichita (National chamc and.Atmo.spherlc Administration, 2011c, 2011e, and 2011f; January 2007 to January 2011 4463,000 3.52 4425.800 3.98 41 cal Survey database acc’essed August 312011 at http://www.kés.ku.edu/Magel—
-~ - = Approximate boundary of Equus Beds o Phase artificial recharge site the USGS using multi-sensor monitors that continuously collect physical proper- each of these areas. 1998; Hansen and Aucott, 2001, 2004, 2010; Hansen, 2007, 2009, 2009b, 2011a, Mary Knapp, State Climatologist, written commun., August 11, 2011). January 2007 to July 2011 42,000 191 3,000 -0.84 7 lan/WaterLevels/index himl. T
?rgzg;r;?rz:jgr\;v::krz :chear:]asgr.] 195 °A  US. Geological Survey streamflow-gaging ties, including water-level alt1tu.de. Water levels in the other monitoring wells were Changes in storage volume for periods that do not begin with August 1940 were 2011b). City pumpage from the aquifer in the study area during 1993 through 2010 Pumpage in the part Qf .the §mdy area 0ut§1de the central part of thelstudy area July 2010 to July 2011 115,300 573 29.900 435 2%
Pu rpose and Scope Stullken and others, 1985; Stramel, 1967) . station and identifier measureq b}’ GMD?2. All agencies used grandgrd wat.er—level measurement techniques calculated as the difference between changes in storage volume for August 1940 to the averaged about 23,300 acre-ft per year compared to an average of 32,100 acre-ft per tends to be dominated by irrigation, whereas city pumpage tends to fiomlnate the cen- Janaary 2011 to Tulv 2011 105,000 590 58,800 s 57 Kansas State Research and Extension, 2011, Precipitation Summary: Kansas State
MS80¢5,  precipitation station and identifier {1 Well hydrograph shown in figure 2 that are similar to USGS methods described in Cunningham and Schalk (2011). The beginning of the selected time period, and for August 1940 to the end of the selected year for 1965 (when Wichita began supplementing water from the Equus Beds aquifer tral part of the study area (Hansen and Aucott, 2010). For example, in the part of the ry y 3 o . . University Weather Data Library, accessed July 19, 2011, at http-//www.ksre.ksu.
. . . i i itori i i i i . : : . . i 1 i ! Storage-volume change previously reported by Aucott and Myers (1998). ;
The purpose of this report is to describe the status of the groundwater levels and hlS.tOI‘.IC momtqrmg well data are on file, in paper gnd e}egtromc form, w1th the city of time period. For example, the change in storage volume for January 1993 to July 2011 with water from Cheney Reservoir) through 1992 (Hansen and Aucott, 2010; Kansas study area outside the c§ntral p.ar.t of'the study area in 2010, the latest year for whlch . edu/wdl/precipdata.htm.
storage volume in a part of the Equus Beds aquifer northwest of Wichita in July 2011 Figure 1. Location of study area near Wichita, south-central Kansas (modified from Aucott Wichita’s Pu.bhg Works and Utilities Department in chhlta,. Kansas; the index an.d was calculated as the change in storage volume for August 1940 to July 2011 minus Department of Agriculture, Division of Water Resources, unpub. data, 2011). Pump- pumpage data were available, irrigation pumpage was about 22,300 acre-ft, .no.c1ty ? Storage-volume change previously reported by Hansen and Aucott (2010). L C.W.. and Miller. D.E.. 1965a. Geohvdrol £ Sedewick County. K )
as compared with predevelopment (before large-scale withdrawals began in September and Myers, 1998). GMD2 monitoring well data collected by GMD?2 are stored in the Kansas Geological the change in storage volume for August 1940 to January 1993. pumpage occurred, and pumpage for other uses totaled about 500 acre-ft; within the 3 Storage-volume change previously reported by Hansen (2011a). aﬁe’ s anl i le;, P a, 16706 yl(;((; Ogi’;l’ © g}i"fl O;lm y,/ y ansali.
Survey’s (KGS’s) Water Information and Storage and Retrieval Database (WIZARD) + Storage-volume change previously reported by Hansen (2011b). ansas Geological Survey Bu gtm 176, p. (Also available at http://www.kgs.
u.edu/General/Geology/Sedgwick/index.html.
ku.edu/G l/Geology/Sedgwick/index.html.)
97°37'30" 30 97°22'30" 97°37'30" 30 97°22'30" 97°37'30" 30 97°22'30" Lane, C.W., and Miller, D.E., 1965b, Logs of wells and test holes in Sedgwick
‘ \ ‘ \ \j / “) J ‘ \ \ ‘ \ ‘ \ T/ ] | [ [ [ ‘ [ \ ( “/ 2 \ \ [ County, Kansas: Kansas Geological Survey Special Distribution Publication 22,
: | 175 p.
= EXPLANATION = EXPLANATION = P
= S Boundary of = S Boundary of = % EXPLANATION Leonard, R.B., and Kleinschmidt, M.K., 1976, Saline water in the Little Arkansas
- IWo1A EB22A - BOI(lindary of = L [ ] Studyarea - Iwoic study are); = [ ] studyarea - woic study are)z’l S ) River Basin area, south-central Kansas: Kansas Geological Survey Chemical
. ——study area — — | — 7 _ 1889 | Area of water-level decline: ] Quality Series 3, 24 p
R —— 1,375 — — Potentiometric contour—Shows altitude at / / ,é? ‘ ,g? —— 1,375 — — Potentiometric contour—Shows altitude at [ Lessthan 10 feet > :
— 1,470 s which water level would have stood in ‘ (X (X which water level would have stood in ioe .
& tightly cased wells in the shallow layer of e = _/ - o tightly cased wells in the deep layer of the |_/7/—' 2z =—r————— SN NSNS S [ ] 10toless than 20 feet Lohman, S.W., and others, 1972, Definitions of Sﬁ?lected ground-water terms—Revi-
— —11'450— r 5 the Equus Beds aquifer, July 2011. Dashed // IW02e - 1,/ o | “7?% s Equus Beds aquifer, July 2011. Dashed | [ | ’ /// A ;W\1 - = Z:i\\\\\:\\$ \;\; S [ 20to less than 30 feet ?1902;1; aznld conAcleptual flefil)riemezts: .I/J/.S.bGeologlcal/Sur\//ey W;l;%r(-;upply Paper
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