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Kansas  Water  Re!ourc.s  and Supplies:

A  Statewlde  P.rspectlve

Kansas   w.tor   resources   and   supplles   arc   controll.d   prlmarlly   by   three   n.tural

f.ctors:   cllmatc,  topography,  and  geology.

There  ls  one  more  factor  that  affects  our  vater  suppllcs -n`.n.    Man'§  actlvltles

and  structure.  somctlmes  speed  up  the  movcmcnt  of botl)  groundwatcr  and  sLlrfac.  water

!n  the  water  cycle  or  his  actlvltles  and  .trdctures  may  slow  down,  dlvcrt,  or  I.mporarlly

Store  groundw.tor  or  surface   water.     Man  has  also  tried  to  modlfy  the  weather,  but  the

practlcallty   of .weather   modlflcatlon   lS  still   tlic   subject   of  dcbatc.    Certalnly  man  can

S®ed   a   cloud   and   cause   rain   to   fall   from    tlic   cloud,   but   wlieth.r   in.n   can   h.vc   a

slgnlflcant   affect   on   the   weather,   a   desi8ncd   bencflclal   effect   tl)at   ls   economlcally

tea.lble,   remain.   a   qucstlon.       However,   th.   State'§    water   .csourccs    ..e   controllcd

prlmarlly  by  the  three  natural  factors.

Cllmat®  -Let   us   first   consld.r   th.   factor   of  cllmate.     CIlmate   control.  the

amotlnt  of  water  available  to  eritcr  the  groundwater  and  surface  water  §yst.in..    Kansas

has  .  contlo.ntal  cllmato  characterized  by  four  .®asons  and  rapid  chang..  ln  vel.ll.r.   It

rangc!  from  humid  continental  in  the  east  to  Semlarld  ln  the  southvcst.   The  wlnt€r.  a.c

mlld   to   cold   and   are   the   driest   part   of  the   year.     On  th.   average  .he   grovln8  Sea§on,

from     Aprll     through     Scptcmbcr,     recclves     about    75     perceilt     of     the     yeir's     total

pr.clpl.atlon.     Summers   are   sunny   and   tempcraturcs  are   warm   to   ho.  vlth  p.rlods   of

summer   having   tempo.ature§   of  90.F   or   warmer.     Average   annual   temperatures  range

from  about  59.F  ln  S®uth-ccntral  .nd  southeastern  Kansas  to  about  S2®F  ln  northwestern

Kansas.     winds  average   about  15   mph  ln  the   wc.t  and  10   mph  ln  tl).  east.    Evaporatlon

from   lake   surfaces   or   open   bodl¢s   of  water   ivera8es   about  62   Inches   ln   southw¢sterll

Kan§a§  to  about  40  Inche.  ln  the  nortlicast  corrier  of  Kansas.    In  the  vc§tern  part  ®f  the



State    th.    cvaporatlon    from    lakes    may   bc   2   to   5    times   as    great    as   the    aver.ge

preclpltatlon.     M..§urablc   amounts  of  preclpitpatlon  fall  on  90  to  loo  days  per  year  ln

the  east, 60  to  80`days  ln  the  nortliw.st  and  abotit  50  days  per  year  ln  th.  §outhv.st.

Average   prcclpltatlon   ranges   from   more  than  40  lnclies  annually  ln  southe.stern

KansaS   to   lc§.   tllan   18   Inches   annually   ln   southwestern   Kan§a!  (Fig.  -Mean   .nnual

p'eclpi''tlon).

Knowing   somethlng   about   the   climate,   seasons,   number   of   days   of   measur.ble

r.Infall,   wlnd  condltlons,  and   amouiit  of  preclpltatlon,  let's  look  at  what  h.ppel`.  to  thls

pr.cipl`a`Ion.

If  we  measure  all  th.  prcclpltatlon  that  falls  on  Kansas,  vc  flnd  that  the  iveragc

qualltlty    ls    about   120..6    mllllon    acre-feet    per    yc.r.       Wliat   happens    to   .hls    Water?

Fortunatcl,y,  most  of  the  prcclpltatlon,  all  across  the  State  Soaks  Into  the  ground  and  is

avallable  for  growlng  plants.    Only  a  small  p.rt  of  the   water  cnterlng  the  Soll  percolates

downward  belovy  the  root  zone  and  becomes  groundwater  recharge.    A  Small  part  runs  off

th.   land   to   streams   and   a   small   part   ls   dlrectly   evaporated   from   the  land  Surface  and

plant  foliage.     The   mean   annual   runoff  (Fig.  -Mean   annual  runoff)  to  str.ams  r.n€es

from   le§s   than  0.1   Inch  ln   western  Kansas   to   more  than  10  Inches  ln  eastern  I(an.a.,  .

more  tharl  hundr.d  fold  lncrea.c  across  the  state.   We  can  Immediately  See  that  the  areas

of  Kansas  tlavlnf  the  least  preclpltatlon,  greatest  average   wind   movement  and  gre.test

pot.ntlal   cvaporatlon   are   tl).   area.  that  liave  th.  leas.   .motint  of  str.im  .unoff  from

whlcll  §urfacc   water  .upplfcs   might  be  bencflcally  developcd  or   wlilch   ml€ht  bc  u.ed  to

recliarge  dcpletin8  grouiidwat¢r  rc§ervolr§.

As   tl.e   factors   of  topography  and  geology  are  consldcrcd,  ve   wlll  .e®  how  tli.se

factors  con§tr.ln  the  d.velopment  of .urf.ce  vater  §upplle§.

We   have   thus  far   discussed   averages  and   means  ln   our   discus.lob  of  climate,  but

nature   doesn'.   provldc   an   'averagc'   precipltatlon   each   year  nor   a   -mean'  runoff  each

year.     Instead.  tll.r.   ar.   some   years   which   have   much  larger  than  aye.a€c  .mounts  of
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Pre¢Ipltation,  whlch  in.y  produc.  flooding  and  slgnlflc.n.ly  I.rger  runoff  v.lues  tllan  .he

mean.        Other    years    or    scrlcs    of    years    may    have    slgnlflc&ntly    less    than    .vcragc

prcclpltatlon,  rcduccd  runoff  and  drought  conditlons  occur.    Botlt  arc  consldercd  normal

event.  ln  the  hyd.olo€ic  cy¢I..    Floods  and  droughts  may  produce  scver®  .conomlc  loSsc.

arid  dlstrcss  ln  the  affcct¢d  areas.

Topography  -The  second  factor  that  affects  our  water  resources  and  suppllcs  I.

topogr.phy.    Given  situations  ln   wl`lch  the  gcology  and  climate  are  slmll.r,  it  ls  easy  to

d.plot   a  Serl.s   of  preclpltatfon  events  ln   whicl`  runoff  from   nearly  flat  areas  would  be

abe.nt  or  ncarly  .absent,  but  on  stecply  sloplng  land  Would  be  apprcclablc.    Storm  runoff

•nd   Infiltration   are   Potli   affected   by   tlie   topography   or   .lopes.     Topogr.pliy  ls   al.a   a

factor     ln     dctcrmlnlng     the     suitability     of     a     site     for     a     dam     and     surface     water

lmpoundment.   Topography  also  influences  the  lcngth  and  depth  of  flow  sy§tcms.

If  we  examln®  the  regional  topography  of Kansas (Fig. -Geologic  cro..  S.ctloo  on

Ceol®glc   Map),  wo  observe  an  eastward  sloping  plain  h.vlng  a  .llghtly  hlglier  gradl.nt  or

steeper  slopc  ln  the   western  half  and  a  somewhat  more  gentlc  §Iop¢  ln  the  eistcrn  *alf.

Mucl.  but  not  all  of  the  western  and  south-central  part  of Kansa.  has  a  r.latlvely  Smooth

SLlrfac.  aild  lnclud.s  physlographlc  rcglons  called  th.  High  Pl.Ins  and  the  Arkarl.as  Rlv¢.

lowlands  (Fig  -Generalized   Physlo8raphlc   Map).     North-central,   and   eastern  Kansa.

Includes   more   hilly   topograpliy   and  Includes  physlogr.plilc   areas  called  the  Smoky  HIll.,

FIlnt  Hllls,  the  Glaclated  Area  and  the  Osage  Cuestas.   Our  major  Streams  flow  goner.lly

from  west  to  east.

Let    us    recall    now    the    earlier    illustrations    showing    precipitation    and   runoff.

Prcclpltatlon   more   than   doubled   from   vest   to   cast,   runoff   Increased   mo..   than   loo

tlmcs,   rcsultlng   ln   an   average   Surface   Water   or   stream   dlscltarg®   of  11.25   MAF   from

K.nsa.  Into  Mlssourl  and  riorthcast  Oklahoma.   What  a  dlffercnt  perspectlvc  ve  would
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have  about  water  supplies  and  water  problems  if  the  topography  sloped  from  east  to  west

and  we  had  11   MAF  of  surface  water  flowlng  from   eastern  Kansas  to  yes.crn  Kansas.

`  Geology -The  thlrd  factor  that  is  Important  to  understanding  ot)r  water  resources

?nd   supplles   ls   the   geology   of   the   State   (Fig.  -Geologic   Timetable   and   Rock   Chart).

the   availability   of  groundwater   ls   directly  related   to   the   gcology.     The  geology  affects

lnflltratlon   rates   and   the   storage   and   transmission   propcrtf es  of  aqulfers.     The   geology

affects   the   base   flow   charactcrlstic>   and   the   base   flow   chemical   quallty  of  streams   as

well  as  the  kind  of  s®diment  carried  by  the  streams.

Essentially   all   of   the   fresh   groundwater   ln   Kansas   occurs   ln   the   rocks   wc   call

scdlmentary  rocks.    The  scdf mcntary  rocks  are  divided  into  two  major  groups.    The  first

group   ls   the   unconsolidated   or   loosely   packed   rocks   such   as  the  Stream-lald  deposlts,  or

alluvium,   the    wind-laid   deposits   such   as   loess   and   dune   sand,   and   glacial   deposlts   of

various  kinds.    Groundwater  is  ¢ontalned  in  the  pore  spaces  ln  the  rocks.    Commonly  15-

20  perccn.  of  a  glven  volume  of  unconsolldated  rock  ls  pore  space  from   which  the  water

can   bo   removed   by   gravlty   drainage    and/or   compressiblllty   cffccts   and   ls   the   water

avaflable   to   a   wcll.     Tlie  second  kind  of  scdlmentary  rocks  are   called  consolldatcd  rocks

such   as   limestone,  dolomite,  shale,  sandstone,  bedded   salt,  gypsum,  anhydrlte,  and  coal.

These   rocks   are   also   called   the   bedrock.   Rcferrlng   again   to   the   g¢ologlc   map  and  cross

section   (Geologic    Map),   let    me   briefly   summarize    the    general    characterlstlcs   of   the

major  bedrock   units.     The  oldest  and  also  some  of  .he  deepest  fresh  water  occurs  ln  the

CambraLordovician    rocks    consisting    of   sandstone    and    dolomltc    ln    four    southeastern

Kansas  counties  at  depths  of  about  900   to  1300  feet.    Ylelds  range  from  loo-1000  gpm.

Mis§iss!ppian  rocks  yield  Some  fresh   water  supplies  to  wells  ln  parts  of  Chcrokee  County

at  depths  generally  less  than  500  feet.    Pennsylvanian  rocks  ln  eastern  Kansas  arc  mostly

shale    and    limestone    which    yield    meager    groundwater   supplies;   however    the   Douglas

Group   sandstones   locally   yield  10-loo   gpm   to   wells   at  depths  up   to  500   fe.t.     Locally,
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minerallzed  .water   may   be   encountered   at   dc|)ths   as   shallow   as   50   fcct.     Pcrmlan   rocks

locally   yield  10-500  gpm   of  fresh   water  from   limestone  aqulfers  ln  the   Chase  Group  and

gypsum    aquifers   in   the   Wellington   Formation.      Sandstoncs   ln   the   Pcrmlan   rcdbeds   of

south-central   Kansas   locally   yield   10-100   gpm   of   fresh   water   but   ln   some   areas   yield

highly  mlnerallzed  water.

Jurasslc   r`ocks   in  southwest  Kansas  yield  water  from   gypsum  beds  that  ls  sultable

for  lrrlgatlon  tJscs.    Lower   Cretaceous  rocks  Include  sandstone  beds  that  ylcld  Irrigation,

inuniclpal,   and   !n.dustrial   supplies   ln   parts   of   central   and   western   Kansas,   but   i`n   some

areas  the  water  is  highly  mineralizcd.    Groundwater  in  the  consolidated  rocks  ls  generally

less    frcc    to    move    cxccpt    ln    open    fractures    and   joints.       In    the    case    of   sand§tonc,

groundwater  moves  through  both  pore  spaces  and  fractur¢S  and  ln  th.  case  of  llm¢§tones,

dolomlte  and  gypsum,  It  moves  through  solution  cavitlcs  and  fractures.

It   has   been   estlmatcd   that  the   uncon§olidated  rocks  contaln   about  80  percent  of

otJr   fresh   water   and   the   consolidated   rocks   about  20  percent.     About  400   mllllon   acre-

fcet  (MAF)  of  groundwater  ls  stored   in   both   the   consolidated   and   unconsolidatcd  rocks.

From   the   geolog.ic   standpoint,   the   unconsolidated   dcposlts   contaln   the   most   lmportallt

and  generally  the   most  prollflc  aqulfers.    More  than  600  feet  of  saturated  unconsolldatcd

rocks    are    present    ln    parts    of    southwestern    Kansas    where    the    Ogallala    aqulfcr    is

thlckest.     ln   the  Pleistocene   alluvial  aqulfers  of  the  Great  Bend  P:airic  of  south-centrll

Kansas   and   th.   Equus   Beds   of   central   Kansas,   the   maximum   saturated   thicknesses  are

more   than   200   feet.      Parts   of   the    glacial   drlft   aqulfcr   ln   northeastern   Kansas   have

satur.ted   thicknesses  of  300  feet.     Although  not  shown  on  this  geologic   map  the  Kansas

River   valley   and   Its   major   tributaries   and   the   Missouri   River  valley  also  have  saturated

thlckncsses    of    30-100    feet    capable    of    yleldlng    quantities    adequate    for    lrrlgatlon,

Industrlal  and  munlcipal  use.

Some   serious   water   quality  problems  are  as§oclated  with  groundvater  flow  ln  the

Permian   and   Cretaceous  .ock§.     One   of  thcsc  areas  is  associated  wfth  dl§solutlon  of  the
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Hutchinson  Salt  Member  of  the  Wellington  Formation  between  Sallnc  County  on  the  north

;nd  Sumner   and   Cowley   countles   on   the   south.     Natural   groundwater   circulation   causes

salt   water   to   discharge   to   the  Smoky   Hill   River  Valley   east  of  Sallna   and   the   Arkansas

River  Valley  ln  the  vlclnity  of  Guda  Sprlng§  causing  Increased  salt  content  ln  the  streams

and  the  assoclated  unconsolldated  aqulfers.

A    second    area    of   natural    mlncrallzed    water    discharge    ls   from    the   Permian

Redbcds  ln  parts  of  Stafford,   Rcno,  Pratt,  Barber,   Comanche,  Clark,   Meadc,  and  Scward

countles.     The   gcohydrology   of  this   flow   §y§tem   ls  not   well   understood  or   documented,

but   it   ls   bellevcd   groundwatcr   enters   Pcrmlan   rcdbeds   that   Include   sandstone,   beddcd

salt,  gypsum   and  anhydrltc  ln  southwc5t  Kansas  and  flows  eastward  and  southeastward  to

dlscl)argc  Into  streams  and  the  unconsolldated  aqulfers  that  occur  ln  these  countlcs.

The   third   area   of   natural    mincrallzcd   water   dlschargc   affects  segments   of  the

Smoky   Hill,  Saline,  Solomon  and   Republlc  rivers  and  the  associated  unconsolldated  valley

aqulfcrs  along  the  eastern  edge  of  the  Lower  Cretaceous  outcrop  and  Involves  sandstone

beds  ln  the  Dakota  and  Klowa  forma.tfons.

Man's    Actlvitles   -Through    individual    and    governmental    actlvltles,    man    ha.

modlflcd  parts  of  the  natural  hydrologlc  cycle.    On  the  land  where  the  p.eclpltatlon  falls,

lndlvlduals   have    applied    ¢onservatlon    measures   such    as   stubble    mulching,   tcrraclng,

retention  dams  and  other  conservation   measures   vyhlch  retain   mar.  of  the  preclpltatlon

where   lt  falls,  and  .cduces  soil   erosion.    Governmental   .g¢ncics  have  constructed  dams

and    reservoirs     to    rcducc    floodlng    and    provide    wate.    for    conscrvatlon,     munlclpal,

lndustrlal,  .nd  Irrigation  use.

The    Kansas    Leglsl.lure,    through    the    Kansa.    Water    Office,    has   provided   for

Inclusion   of   State-managed    water   suppllcs   ln   13   re§ervolrs   constructed   or   planned   ln

eastern   Kansas  (Fig.  -Federal   Reservoirs   with   State-managed   water).     Wh.n   all   ar.

complctcd,  there   Will  be  about  1   mllllon  acre-feet  of  State-managed  water  avallable  for
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ben®flcial  use.

In   western   Kansas   the   planned   minlng   of   8roundwatcr   ln   the   Ogallala   aquifcr  ls

taklng  place.     This  has  both  bencflcial   and  detrlmcntal  effects.    It  has  been  determined

by  the  local   people  ln  western  Kansas  that  the  bcneficlal   effects  of  mlnlng  the  aqulfer

®utwelgh  the  detrimental   effects.    The  long-term   effects  of  this  mlnlng  will  create  new

problems.     Proposed  schemes  for  Importation  of  water  arc  being  conslde.cd  but  a  vater

source  or  sources  and  transfer  plans  that  are  politically  and  cconomlcally  fcasible  has  yet

to  bc  agreed  on.

ln   summary,   Kansa.   has   a   gr.at   many   water   as§cts,  but   w®   have   some  problcm§

also.         We    rccclvcd     about    120     mllllon     acre-feet    of    water    on    the     averag.    from

prcclpltatlon.    Most  of  this  water  soaks  Into  the  §oll  and  ls  returned  to  the  atmosphere  by

evaporatlon  and  transplratlon.    A  small  amount  becomes  groundwater  recharge  and  about

11.6   mllllon  acre-feet  on  the  avcragc  flows  out  of  the  Slat..    We  have  about  400  milllon

acrclfcct   of  groundwater  ln  storage  and  have  or   wnl  have   about  1   mllllon  acre-feet  of

State-mina8cd  Surface  vater  Storcd  in  federal  rcservolrs  built  o.  planned.

It   ls   essential   that   we   manage   olir   water   re§ourc®.   wisely,   particularly  ln   those

areas   whcrc    groundwater   supplies   are   being   mined   and   ln   those   areas   whcrc   natural

mineral   lntruslons   occur.     Wc   must  educate   and  promote   water  conservatlon   and   water

quality  protcctfon.    We  can  do  a  better  job.
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MEAN  ANNUAL  PRECIPITATION,  lN   INCHES,1941-70
(Data  from the Kansas Agricultural  Experiment Station)

MEAN   ANNUAL   RUNOFF,  lN   INCHES



GENEF`ALIZED GEOLOGIC MAP OF KANSAS
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GENEBALIZED PHYSIOGBAPHIC MAP OF KANSAS
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GEOLOGIC  TIMET+             AND  KANSAS  F}OCK  CHAF}T
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PEF]M I AN                        50,000,000--I-
Limestone, shale, evaporites (salt,gypsum,anhydrite),redsand.stone;chert,siltstone,dolomite,andredbeds.

PENNSYLVAN IAN                         40,000,000
Alternating marine and nonmarine
shale. limestone, sandstone, coal;* chert and conglomerate.

;;i`

MISstssIPPI AN                               30,OcO,000 Limestone, shale, dolomite, chert,
o6Iites, sandstone, and siltstone.

DEVO
-1-NIAN-50,000,000 Subsurface only.  Limestone, pro.

domlnantly black shale; sand.

111111 stone.

SILun
IlAN       25,000,000

Subsurface only. Limestone.

OF]DOV I CI AN                             65,000,000 Subsurface only. Dolomite, sand.
stone.

CAMBp,AN         ®7o,ooo,oco Subsurface only. Dolomite, sand.
stone,  limestone, and shale.

1,930,OcO Subsurface only. Granite, other

1 ,1 cO,000 +
I   neousrocks,an    metamor     lc
rocks.

KANSAS  GEOLOGICAL  SUF]VEY                            Eonsnot shown.                             .u.S.  Gce/oglca/  Sum.y,  Cco/og/c  ~.mos  comb/Wco,   79co
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hke or
Reservoir
eohn  Redmond
Council  Grove
Elk  City
Milford
Marlon
Perry
C|1nton
Big  Hill
Hlll8dale
Onaga
Cedar  Point
Towanda
Dougla8s

State  Managed  Water
Supply  Allocation

(AF)

34,900
24,400
24,300

300 , 000
38,300

150,000
89'200

9,ZOO

7 , 500
81, 000

106,000
8,800

77,300

Tilo  Percent  Chance
Yield  (in

`-..-i.--..i..-.AL-.-\l.-..ftL.._J=..
.       Loc.tlon  of  "1€t.€n  Re.etvolt&  otL vhlch A4eur.acee  Have  Been  Provided

6y  th.1961.Leg.1.latur.1ti  Hoe.e  Concurret`t  Reeolutloa  .¢5  or
by  Ch.  K&n...  V.t.r  Re.ourcee  Board  Under  Provl.lone

o£  K.a.A.   82.-910  .nd  82a-933




