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A   repi]rt    suEimitted    ti]   ThiJma5   M[Cla.in7
I::G£   Ci][ir.]irlati]r   I]f    the   Cheyenrie   ,EiJttl]ms   ftul]y

8ur,lmary

All     rtatural    wE}tland    furi[tii]rl5    are    Cli]5ely   r-ela.ted    ti:I    wEt-
lani]    hyljri]!i].jyg       Water   erlteririgi    5ti]red    im    arid    leavirlg   a   wet-
la.rid    Can    be    a;<pres5Ei]    iri    terms    i]f    a.   waLter    budget®        Iri    this    5tui]y9
a   metei]rl]li]git:a.I    wa.tar   bui]get   [al  led    "Ver5ati  le   [±u.]get"     is    am-
FIli]yed   tl:I    e5ti`mate   i]ai  ly   values    [if    actual    evaFiiJtran5Fliratil]rw
5i:lil    miJisture    [i]rlterit    iri    Several     =i]ne5l    I:`r    layers    in`   the    5I]il
FfriJfilE     {and    herice    fciil    mi]ifture    i]gTi[it5    i]r    5urFilu5e5}7    and
wa.tar    !i]55es    i]ue   tl]    suri`ace   ruril:ifF   arid   deep   drairiagE.

In   I:iri]er   ti]    empll]y   this   wa.ter   bul]geting    tEchriiquei    the
I:heyEnne   Ei}tti]m5   Watershed   was   subi]ivided    inti]   thrEe    [li,rna.tit:
=IJne5    and    fi]ur    dl:.mirtant    5i]il     a55cl[iatiiJri58       F.redl:Iminant
VegEtatil:in    [[ivEr5   war-a    small    Era.iri5    arld    rla.five    gra55e5.       F{e5ulL-5
fri}m   this   water   tiui]getirig   pri:I[ei]ura   I]emi]ri5trate   that
Flre[iFiitatii]ri    i€    the    priric:iple   water-5upFIIy   [if    trie   C:heyenne
BI]ttcim5     {mu[h     tar-gEr    tharl    the    [i]mbir.led    f  li:Iw5    I:iT    the    Bli]i]d    arld
De[eFitii]rl   I.regk:5I    and    the    i,rllet    c:anal    water    inpi:ir-tE}  I    whi  If
actual    eva.pi]tra.ngpiratii]ri    i5    thE   majl=ir   Water    deFIleticin    pr-r.I:e55
arid    cif    I:timpaLrable   magnitul]e   ti]    pre[ipitatii]ll.

i

lt    i5   a.Iso   demi]ristrated   that   the   water-re5i]urces   i}f   I;he
tla.girl   a.I.-a   ni]t   5uff icient    ti]   meet    the    nat;ural    water   demand5]
resulting    in   appreciable   5i]il    ml]i5ture   defi[it5.       The   effe[tg
Cif   Vegetatii:ir[   'ijri   water   use    i5   5ignif icant7    Wi'th    prairie    gra£5e57
C:attai  lsl    arid   a.Ifalfa   transpiring   highgr   a.mi]unt5   rjf   water   a.rld
[rga.ting    larger    si]H    mi]ist;ure   defi[itg   [[Impare}]   ti]   Ema.Il    grains.
HI]Wever7    deeFi    drainage    fr-bin   5ma.II    grair`5     i5     larger    [I]mparE}d    ti]
•t;hB    cither-vegetatii]n    types    cciri5idered    iri    this   reFn]rt.

The    inter.a[tii]n    bet;weeri   sur-fa[E    ani]    gri]uni]water   wa.5    als[i
I]emi:iristrabEd    in   this    rep[Irt   fly   c[Inductirlg   a   5trgam-al]uifer
Fiumpirig    test    al}]ng    the    Ar-Le:arisa£    F`.iver-nEar   Great    Eenl]n       A5    a
result   i]f   pumping9   ,trle   g.rciuridwater   gra.i]ierits   feei]ing   the   Stream
wel.-a   rEver5edi    that    is   the   Stream   was    li]5ing   water   tl:I   thg
ai]uifer7    re5ultirlg    iri   5treamfli]w   i]e[line5   i]ire[tly   attritiuta[ilE
tl]    grl]undwa.ter   pumpirlg.

I n t I-c' ,I ||c t i ,J n

Wetlani]5    are   i]yria.mi.c    e[cl5ystem5   with   f luc:tuating
tli]unda.rie5.       They   can    be    c:haracteriEed    iri    terms    I:it    rlyi]ri]lDgyl
Ve5eta.ti[iri    arid   £.:.il5a       The    three    ci}mFii]neritE     iriter-act    with    eacli
I:ithEr   and   with   gei]l.i]gy   arli]   tcipl]graphy   ti]   ,give   a   wgtland    its
i]i5tin[tive   [haractari5tic:a.      Water   enteringt    5ti]red    ini    and
leaving    a   wetlarrd    [ari    be    e:<pre5sed    in    I;er-m5    I=if   a   watEr    bul]gEt„
Acct]rdirig    ti]   Carter    et   al.     {1.:J7B)     a.Il    natural    hietl.and    fu,rlctii=iri€
are    a   result    I]Fi   ^.,i]r    al.-a    cli]5ely   related    tD7    wEtlarrd    rlydri:ili]gy.
IYIIJ.=t    riutrierit57    wrlet+let-iji55[ilved    ]]r-in    Fiarti[tllate    FI]t-rii!    riii]ve



I

!'thri]ugh    the   wetland    in   ur   with   wa.tEr®       Therefi]rE    a   Eiasi[

undEr5tariding   I)I    thE    hyi]ri]li]gy   iJf    the   Wetland    i5    needed    in   i]rdgr
tD   i]eterminE   i]vErall    riutrignt   budgets.

In   `'ciri±er.   t.]    e5tabl  i5h    the   valuE    i]f    Wetlani±57"  we    must
ii]Erl.t;iTy    a.nd    quaritify    trle    hydri]ltigic    and    bii]lI]gic    thur|[tii:iri5    th£
Wetlani]£    perfi]rm.       Ee[au5e    hydri]li]gy    i5    the    I]I]miriarlt     imf luen,ce    i]ri
all    wetland    fun[til]r!57    we    nEed    tl:I    pri:ivide    an    accurate    i]EfinitiDn
I:if    thg    riydrl]II]gic:    [haractari5tic5    i3f    wetla.ni]5.

Water   Budget;

Water    bui±get5    a.I.-a    i]ften    used    in    hyi]ri]li]gic:    artaly5i5    Df
wE!tland5.       The   watEH.-bui]get   methird    al  Ious    the    rjlaLnner    ti].   ci]mFlutE
a   [i]rltiriui:iu5    re[I:Iri]    [iF    5[ii  I    mi]isturg3    actual    evaFiDtt-ari€piratil]m
griJurldwater    recharge    a.nd    5urfa.[e    runi]ff    fri]m   a.   metE}i]ri]li]gi€al
reci]rd    aLrid    EI:ima    ciEi5erva.tior|5    I=In    tha    5IJil     aLnd    vEgetatil]ri.        The
FH]Wer    I]f    5u[I-I    a    techriii]iie     in    pla.rirling     i`s    i]bvil]u5.        The    water
Eialance   lia5    tieen    used   f.]r   [I]mputing    si]i  I    mi]i5t`ure    5tre55    under
which   natut-al    vega.tatii]n    [a.n   gurvive]    the   predictii]n   i]f
Streamf lclw   arld   water    ta[ile   elEva.til}ns]    the   f lu}<    I:if   water    ti}    Iak:e5
a.nd   variatii}ri5   i]f   water    level    a.nd   Salinity.      The   ml]st   i]bvi.}us   use
clf    the   watgr    balanc:a    i5     in    a   ba.5i[    degcriptil:in   i]f    the    hydri]lclgy
[If    a   place   i]r    regii]n.       Trie   water    bala.ricg     i5    al5I:I    useful     in
Flre.±ic:tirig    5I:ime    cif    trle    huma.n     imFlactg    i]in    the    hyi]r-pli]gi,c    [yc:Ie.
The   hyi]r[ili]gic    eff`e.ct5   i]F   [hariges    in   weatller    or   [harige€    in
vegEta.tii=in   [€tver   can   bg   qiii[kly   estimated   at   a   very   Ear-ly   stage
in    pla.nn.ir!g-

Versatile    Si}i.I    mi=Iisture    I:iL]]get     {VE}

Mi]st   water-tlui]geting    tgcFinii]rfes    rna.I::a    use    1]+    thg    wgl  I-k:riciwn
ci]n[Ept   [If   pcitgnti,al    evaFlotrangpiration   a5   ari    indicati]r   I:if    tl-iE
Flr+5siblg    ina!<imum    li]gs    .]f    water    frl]m   the    sl]il     un.]er    [I:Indit`ii]rls
Where    5i:lil    wa.tar    fupFily    i5    rl[it    limiti'ng.       Eui]getirtg    methl:H]£    fl]r
estirnatirig   5i:ii  I    rni]i5ture    and   ac:tual    evap[Itra.ri€pii.-ati}]n   f'ri]m
Vegetated   5i}i  lT    when   water   5`upply    i5    at   times    Iirnited!.`are
clJmparativgly   in.:iL-a    [i=impl.i[atel]i    :in[e    they   ac[i]urit    f[Ii.-varii]u5
Si]i  I    and   plarlt   criaracteri5tic:5   that   miJi]ulate   i]r-alter   the
Fil]tErltiail    rate.        In    this    rep[Irt    a   meteiJr[ili]gi[a.I    si)il    miJi5tur-a
tiui]gEt    [alled    "Versatile    Eui]get"     {EaiEr~    et    alB     1'.?77t-l}I    which     i5    a.
multiggnei.-atil]n    evi]Iutii]ri    .]f    the    HI]Ime5    antl   F{i]berti:i]n     {1P5P)
rniJi]ulated    budggt]     i5    empl[iyel]-

The    Varsatile   SI:lil    M[ii5ture    E:ui].Jet     (VE}     rEi]uirEs    a.5    minimum
iriplJ.I;    i]rlly   i]ai  ly'   I]bEervE}d    data   I]rl    prec:ipitatii]n    and    e5tirnatef    i]f
Fii]teritial    evapi]tran5Fliratii]ru    F`E9    i]r    the    t.]tal    gL::y   arid    i3i:ilaLr
rai]iatiDrl   at    the    ti]p    i}f    the    atmi]5Fihere     (which    i€    av.a.i  lable    frl]m
5ta.ndard    tables   a5   a   furic:tii]ri   i]f    la.titude)I    and
dai  ly    minimum    arid    ma}{imum
temFlerature5    if   da.ily   PE   values    ai.-e   rliJt   availablei    as    in   the
present   c:a5e.       The   V[±   ci]mputerized   pri]€edure   5irnulate5   variatii]ns
in    i]ai  ly    si)i  I-mi]i5ture    c[Iritent    by   making    use    Df    Fihy5ic:al     a.ni]
tlii)lcig.iEal    c[in[eFit5    I:if    waf;er   movement    in    the    5i}il     a.nd   water
uptake   by   plant   r-i]i]ts.       The   VE   .]utput   [i]ntairi5   i]aily   estimates   .:If
actual    evapi]tran5piratii]rH    AE7-5ciil    miJisture   [i]ntent    in   5evera.I
"zi]rles"    I:Ir    layer-5    in    the    5i]il    pr[Ifile7    arid   water-li]E5ef    due    tp

rurliJff    arid    drairiagg.       EEca.u5g    the    i]ata.   fri:im   [limati]lI=igi[al
5tatii]ns    are    u5LiaLlly   [i]ri5il]ered    ti=I    be    rEFlresentativE    I]f    the
surrciunding    argag     it    carl    Eie   a55urned   tha.t    the    e€timaLte5   i]f    trie.
v.a!-ii:IL£.a     h+t.}jrl:i!i]gi[    ci:impi]rient5    bastfi±    I:in    5uc:h    i]ata    arE    a!5i:I



r-ep?-e5antative   `i]f   this,   game   area   and   i]f   the   si]i  I    fi]r-which   the
W«|tEr   [haractgri5tic5   are   5pecif iei]    in   the   Pa.rticular   €i]mputer
r u rl ,

*`

The    baL5ic    structure    I]f   the   tiudg@t   Can   be   de5[ri[ied    Eiy   t;he
fl})w    c:ha.rt    presErited    by   I:aier    et    al.     (1t-t7`=J}!    5hi]wrl     irl    F.ig.    5.1.
MI]i]el     [i]mpt]nentf    c:ari    biE    5pl  it     iritD    evapi]raLt;ii:in    furl[tii]n£!
iri[!ul]iri8    al  I    velaetatii]ri    c:I)vEr    arli]    5cli  I    water    e}{tra[tii]ri
charac:tgri'5ti[€i    a:nd    recharge    furlctii:In€     inclui]irilj    i'rlfi  ltra.tii:Im
drairlaEe.    rurll]ff    aLnd    5ni]wpac:k    5uhmi}i]el5.

The   val  ii±ity   I)f    t,he   e5timatE5   fri]m   the   VE.   has   been
a:{L-erlsively   vEt-if iei]    by    comparifcin   wit-h   mga.5urgd    I±ata.7    a.rid    [iy
Evaluati.rig    the   eff i[ie'ncy   i]f    5ucll   eftimate5    in   e}{Filaining
va..riatii]ri5    i]f    i}bservEi]    [ri]p   yiel[J5®       Fi]r    furthgir-details    I:in    the
VB    arld    v@rif  ic:atii=ir!    the    reai]er    i5    referred    tl:I    Ea.ier    et    al8     {1`.-=771#}
and    gI]phl:i[lei:iu€    and    MCAl  I  i5ter     {1L7Sd)  .

WELter   Budget    lmplemeritatil]rl

a}        Clima.tic    Ei]rlE5:       The   CheyErlne   E[itt.]m5   Watarshed    wag
subi]ived     int[j    thr..ee    c:Iimatic    =Drle5    irl   .]rder   tl]   ml:u]el     the   wa.tar
[Iudget   f[ir   the   eriti...re   ba5iru    baL5gd   i]rl   the   i]i5trit.uti[in   I]f
a.vai  lable    Natit]nal    I][E}ariic    a.rid    Atmi]gFiheric    Administratii:in     {NI=IAA}
climatiJli:igi[al    5taL-i[ini5    covering    the    ba5irl{Fig.    5.E}®       Tl-Ie    three
Cl  imati]lI:igical     5tat,i.i:In\E    re[i]rding    i±aily    rna:¢imum    ani±    miriirnum
temper&turg    arii]`   FirEcip,it;atil]ri    af-e    the   Claf{irf    5tati.Jri
cl]vering    mairlly   the    rli},rtheaLstEr-n    p.}rtii]n    i]f    tha    Eia.5irw
the   a.reaLt   Egnd   5tatii:in   [clvering   thE    5i]utl-Iwe5terrl    Fli)rtii]ri    a.nd    the   Ei5i:In
5ta.til]n    c:i]vEring    the    Ill)rthwe5terri   pi]rtit]n   .}f    the    ba5iri    {Fig.    E}.

b}        8I]ilsg       Therg    are    fi:iur    I]i]miriarit    5i}il    a5si]€iatii]ri5
{D.]i]ge9    et    a!.„     1':t81)     ci]mpi]£el]   mainly   IJt    nirlE    i]iffererlt    5i]il
Series   withiri    the    basin     {Fi,g.    5.3},       F}]r    ea.ch   5i]il    Series    the
avai  lable   water   [apac:ity   waLs   determirlei]    fr.]m   the   Eat-ti]n   I:i]urlL-y

I   3i:ii.I    CiJn5Ervatii}rl   Service     {§C:§}     5i]il     survey     {DiJi]gei     et    al..   :1Ll81}
to   .]epth5   i]f    onE!    three   and   five   feet.       The   I:iria   fl]i]t   si]il    i]eF.th
Was    u5ei]    t.)   mi]dEl    the   availa[ile    5i]il    mi}i5ture    Fi]r    cattail£,7    since
thay   have   a   ri}I}ting   i]gpth   i]f   lip   tl]   iJrie   fi:u]t5    the   three   fcH]t   sl]i  I
i±eptrl   was    ufgi]    tl:I   mi]i]el     the    ava.i  lable    5.]i  I    ml:ii5ture    fi]r   winter
whEat   and   .3ther    5riia.I  I    grains]    Eiri[e   they   rlave   a   ri]i]ting   depth   I]f
appr-I:I}{imatfly   thi.-ee{feat.       The    I ive    fi]iJt    i]epth]    which    i5
genEr-a.'l  ly    the    deFit[i    I  imi+,    i]f    the   £CS   siJi  I    furvEy5!    was    used    fi]r-
all    clther-vegeta.ti.i]n    c:)i]vel.-5     in    the    bagim    5irlce    thg    highest    ri:u]t
I]gnsity    I:If    m[igt    c:I-I]F15    arld    graggE5     is     in    trie    uFipE}r-f  ivE    feet.
5i]il     a.5SI:i[iatii]ri57     £tiil     ci]mFir]£itii]n5i     a.nd    a.Va.ila[tlE    wa.tEr
capa[itief   ftir   each   si]il    are   tabulated    irl   Ta[ile   5.1.

c:I        Vggeta.til]n:        Iri    i;he    ChEyenrie    B)Jtti]m5    basin    tr.ig    dlJmirlant
Vegeta.tii:in   tyFle5   are   dryland   winter   wheat   ani]   native   gras5gs
{Bragslarldi    Fia.£ture}  5     in    al]ditii:irl7     irl    the   Cheyeririe    Eotti]ms
Flrl}Per.    cattail5    a.re   prevalerit.      The   vEgetatil]n   Fia.rameter5   are
rEprE5erited    in   tl-|e   versatile   budget   by   cri]P   Ci]gffi[iEnt5.      There
is   a   cl]effi[ient   fi]r   ea[ri    ''gtani]ari]"    5i)i'Ii    Zi]ne   am±   a   differer|t
Set   I.f   [I:left icierit€    fi]r   each   Stage   .]f   cri:ip   8rDwtlh      At   differEnt
Fllant-grtiuth    5ta..5e5-thg    rl:H]t5   ca.ri   uti  I  ize    the   miJistur-a    iri   the
5lJil     PriJfilE    a.I    ljiT.thergrit    I]eFiths    aLnd    ratefu       CriJ[i    CiJefficierit5
f.]r   Winter   wheat     tan.I    5ma.||    grairi5}    were   mi]i]ified   frcim   Baier    et
al`     {1L]7EJ)     arid    Vander-lip    and    Er.]wrl     (19T4}-

TABLE   5.1,   --Si]i  i:..`.;.'.a.fi'aracteristic5-Chey.ering   I:i}ttiJnl£    Dt-airia.ge    Ba5  in



+I,

E;Di   I      A55clcia.I;ii)n

( aL r a a )

F'ratt-Calf-w i  I a
(4.¢Jta   mi    ,E)

8I:ti  I    F'er[EntaEe
C ,I in P ,] 5 i t i ,I r,

TiJta.I     Avai  laLble
Water   Capa[it;y   fl:Ir

uFipEr   5   ft.
( i rl I h e s I)

Pratt  -  55#
F'ratt   -Tivi]l  i    -11:+:
Na.rum    -    1E;%
Tabler   -Drummund   -1€3#

New   I:am[iria-HI]ri]-Eridgepcirt-HI]ri]    -5Ll#
{Z4.15   mi    .E}                                                     New   I:ambria    ~   E:]#

Harney   -   Z.Z#

Drumml]nd-Tab  I er                                          Drummi]n)I    -:=:5%
{5t-LE:B   mi    2}                                                     Ta.bler    -Drumm.}rid    -£¢3#

Tabler   -5#
Har']   -   4#
NaLri]rl    -    5:J:
{Ha.ter~ctlverei-I   area   -   £5#}

Ha.rney-Cr-ate
{ 1 4t'? . 5`7   rn i .E}

Harney   -   6€}%
C:rate   ~   15#
NibE[iri    -Mat::gen    -+]#
Hakeen   -   S#

fJ q E: ?'

1 '3 . E: E

a " E! '=,

1 €4 -  1 7.

I:I-.}p    [iJeff iEi\ent5   fi]r   natural    gri:iwth     (Simulated   a5   brDme
graL55}     arld   alfalfa   ar-a    thi]£e    p're5©nted    iri   Eaier    et   ale     {1P7t-J)a
With    rEgar!]    .t;I]    [attai  1€    we    had    i]iff iculties    I:ibtainirig    €ri:Ip
c:I:igffi[ients.       A    litera.ture   Search   re5ultei]    iri   very   Paw   relavant
Fiubl  icatil}n5g    the   mi]5t   useful    i]f   whit:h   was   the   5tui]y   by
L::riJl  iL;:i]w£L€:a     {197:±).        Aha,ly5is    i)f    a.[tual     and    FiiJterltjal
gvapcltrari5pirati[in   .]ata   fri]m   that   PUEII  icatii]rl    iri    ci)nJun[tiiJn   with
f ield   i)b5ErvaLtii]rl5   at   the   C:heyenrie   BI:Itti]mf   resulted    iri   the   crl]p
ci]eff i[ient5   used    iri   this   5tui]y.       The   varil]u5   [r[iFI   Erl]wth   5ta5e5
and   correspDrii]ing   date57    a5   well    a5   the   cr.]P   [i]effi[ients   ai]clpted
jri   this   repi]rt   are   5hi}wri    in   Table   5.Z]

The   ci]mFH]nEnts   cif    i;he   water   balance   re5ultirig   fri]m   tha
vergati  le   bui]ggt    p!-i]cei]Ijre   wEi.-a    adi]ed   by   a   5Fle[ial  ly   wr-itterl
FlriJ9ram    t.IJ    [he[L::    fi3l.-inFlut    ei.-I-i3r-5    arii]    determirie    the    range    I}f
el.-ri]r   within    the    [alculatii]ri5.       TliE    utility   Firi]gram    caLlcula.ted
the   hy.]ri:ili]gic    balarice   equatil]n    erri]r   a5:

F`CF'   +   SD   -   ET   -    DR   -   Ftl=l    =    erri]r

where             PCF',=    pre€iFii.tati.}n     (in}
58       =    E[iil    mi]i5ture    I±gfi[it     {i,n)
E:T       =    Evapi]trari5FiiraL-il]ri     {iri}
DR       =    i]Eep    drairlagg     (iri}
F{l]      =    siirface    runi]ff     {irl}

Large   erri)r5   Llerg   [cin5iderei]   ti]   bE    input   errl]I.-5    and   were
traced    tl:I    their    c:aLi5e    arid    [i]rrectei].       Small    err-i=il.-5i    .jener-a.I  ly
le5S    thari   i)ne    pert:erit   I)f    ti]tal    pre[iFiitati.]ri   wai.-e    [I]ri5ii]E}red    to
L-ie    i]ug    t[i    cumulativ.a    r}]uridirig    el-rl]r5.

TABLE:   5.E
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End    cut   ti]   full    c:IJver

Ful  I    c.)ver    ti:I   :3rd    cut.

=±r`d    cut    ti]    ful  i    ci]\ter

C:RI]F.    C:l]EFFIC:IE:NT8
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BZE3         , £[9

. `E5       . £`t*
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.15        .1e3

.1g,        BIE

.a,}      .15

.1:3        .1E

.£6}       al5

Re5ult5    ani±    Di€[u55icin

I:h8yenne    Ei)ttl]mE    and    5,urri:iunding    Dru.mmi]ril]-Ta±IIgr    5i]i  I,    a.55Dc:iatii]rl
areas

Ta.big   5.3   5ummarize5   the   results   ot"   the   water   bui]5Et   fi]r   the
rli]n-Water   [i]verEd   al.-ea.    {ml]|.-a   tharl   E]£%   i]f    t.Jtal    area)     i]f    the
Drummi]nd-Tabler    si]i  I     a55ciciati.)n   which    grlciJmFla55es    the   C:heyerlna
EiJtt[Im5     (Fig.    5.=±).       This    budget   wa.5    ruri    fi]r    .t:he     last    twi:I   water
yea.r5    fiJr   which   daLta   were    a.vailaEilE   at   the    time     {l]['ti:IbEr    lt    1.;lF]E
tl]   SEptgEimer   Et}i    19EJ4}    aru]   the   re5ult5    +'I:Ir   the   arEa   ni]t   c:'I]vere.-i
tly   l]Fien   waterwgre   avBragei]   for   a.   water   year   Fieriird    {,Table   5a=±}  .
IJ5irig   nati`rg   gra5se€    a.5    ari   e}{amp|ei    actual    evapiltranspiratii]rl
fri3m    thE    grasses     (a:3..E|     in®}    wa.g    higher    tha.n    thE    PrEcipitatii:In
in    tl-ie    a.rea     {.21.7r=.,    i.+I..}9     rg5u|tirig     iri    a    5I:lil     in)Ji5ture    i±gficit



[if   .:3.¢3+a    inches.       RLini:Iff..frijm   gras5landi    dui.-irig    tlie    ac:[iJunting
peril:u]p    ami)unted    to    €1®,4}3    iri[he5i    while    deep    dra.irla.sE    wa51     irl[h
{Table   5.E}  .

`

It    i5   Seen   that    niatural    prec:ipii;a.titrn,    is   the   i]i]rninant   water   sl]ul.-ce
in    the    aLr-eaH    whi  le    a.ctual    evapi]transFiira.til]ri     i5    the    Firel][Iminarit   waLtEr
I"li)55"    term.        Et]il    mi:ii5ture    defic:it7    Which     i5    the    ne}{t     {se[i:Irli]     iri

magrlitui]a)    wa.ter    "li)ss"    term]     ini]icateg    tha.I    climatic:9    `JegEtati.]rl   and
animal    water    Li€E    ci]nsumptiijn    e}<ceed5    the    [.]mEiined    gum   t]f    Firec:'ipita.ti[Ir"
Canal    water     impi]r-ti    an„±    mi:iigture    I:if    the    Si]il     pri]file.        It    5h[iuli]    al5i:I
tie   ncitei]   that   firial    sl],il-mi]i5ture   deficit   valugs    ara   ni]t
miJniJti]nic:ally   [umulative!     like   vallie5    iJT    precipitati[Im
e\`ap[ItraLri5pirati[irH    drairigagE7    arid   runi]ff I    but;    i5   a   runnirig
a.Ige[irai[    ti].t;a.I      {witri    pi]5itiva    aril]    negative   value5}.       Egcau5E
the   finaLl    ft]il    i]gfii=it    iridi[ated    in   the   tables   i]f    this   report
i5    re5pl]ri5ive   mairily   t,i]    the   weather   [I]n.]itii]ri5   I]f    trie   previi]us
few   week:s¥    the   r-ea.]er    ig    referrglJ    ti]    the    i;ime   i]istriEiuti[in    i]f
wa.tar    balaLn[e    [}]mFH]neriit5    5hi]wn        in    f igurE5    5.7.    ti:I    5.'.?J     {ti:I    be    di5[u55e.I
in   greater   detail     later-}.

Alf latpa]    pra.iris    graLE€eg    aru±    €attai  15    ci]ri5umEi±    i]n
a.n   area-weightei]   a.verage   :34.5;i   m[ire   waLter    trlan   5ma.I  I    grairi5i    5u[rl
af   wheat    a.ni]   mi  I  leti    I]uring   the   water   budget   accl:iunting   Fierii:u].
The    largest    cl]ntributDr    tD   i]eep    draina.gE    liJ5se€i    hi)wEvei-.    was   trie
5ma!  I     grains    gt-I:iupi    mainly    Eie[a.Li5E    i]f     its    Erialli:Iwer-riji]t    sy5tEm
ciJmparei]    tiJ   the   Firairie   gra55eg    gri)upr    arll±    its    ltlwer
trarisFlirati.]ri   a.[tiv.ity.       In   c:Dmparing   the   values    i]+    the   water-
Ela.Iarlce    cl]mpl:irient5    fri]m    this    and    i]ther    fl:IIli]wing    taEile5!    i:he
different   i±eFith€    i]f   the   rl].]t   =i]rie   fi]r   Varii)115   vegetati.]ri   ci]vEr5
Shi]ull]    be    kEFlt     i'rl    mi"nd.        Thu57    f[„-the    Brumml:ini±-Ta.bler    5clil
a5EiJ[iatii]m    the   availa.tile   watEr   capacity.    Whi[ri    i5    a   measure
[If    the    rna:<imum   p[.5€itile    5pil     defit:it7     i51.I-J     inEhe5    fi]r    caLttai!59
5.:3    in[he5    fl:ir    5mal  I     grains    ani]   E:aE]    inches    fi:ir    gra55e5    arli]   .``.
al fa.Ifi   [iver    the    gi]il    thic:h:ness    [if    the   rl:il:it   zl]ne®

It    if   wi:Irthwhi!e   rl.]ting     {refer    ti:I   F.iga    EI®4}     that   during    the
two   water   ygar   bui]gat   ac[i]uriting   per-ii]i]   a.n   average   i]f   i)nly   44Ela   ac-ft/
yr   ware    impi]rteij    in   the   I:Dttcim5    tnt-i]ugh    the    inlet   carial    and   rlone   waL5
released   a.t   the   [iutleti    [r+mpared   ti]    1t].tr}¢]€}   ti]   .E¢}t:1t}a]   ac-ft/yri    i]n
the   averagEi     impclrtel]   i±uring   the   £.¢3'5   aril]   7.€}`s     {Fig.I.4}.       £trEamfll]w
i]ata   fr-i]m   E![n]d   I:r'eek    ai.-g    rii]t   avai  lablE}    5in€e    19Et].3..       If    the    average
5L-rgamf l[iw   i]ata   duririg    the   water    ygaLr51F77.8   and    1':tTt-.`   ware    tar::E}n
a€    reprE5enta.tive   i]f    re[gnt   c.]ni]itii]rl5i    thE5ri    less    tha.ri   E€t¢}€}   ac:-
f`t/yr   W}]uli]    ha.vE    enterEi]    the   Drum.mi]rld-Tatilgr    5'i}i  I    ass.J[iaLti"H
Whi[ri    aml:iuntg    ti:i    apprl]!{imately   t]./i    irit:he5    i]f   water   i]vEr    the
Drummi]ni]-Tabler    area.       C:cintributil:Iri5    fri:Im   the   Beceptii]n   I:raekg
Which   wei.-a   nevE"-measured.    are   a:{pg[ted    ti]   be    less    tha.n   half    1]+
thi]Se    frl:im   the   Eli]I)i]   Creel::    5ubbagin    due    tD    the    Smaller    5iEg    I:If
the   DeceFitii]ri    Creek    5ubba5iri     {F.iga    5.2}.       Triese    ami]urit5    I:if    water
Were    prl=I[iably   €i]r|5umei±    ir|    the   Bi]tti]m5    gerleral    a.rea   f  inca    I:arial
Ciutf llJw   duririg   tlie    1'=JB:3   and    1`?84   water   years   was    £erci.       It    i5
interesting   to   ru:!te   that   thE   ti]tal    water    impi:irtg   ti]   the
Cheyenne   Ei)tti]m5    fri]m   the   BIi:n]d    and   De[EFitii]ri   Creeks    aLn.I    the
inlet   Carla.I    fri)in   the   Arts:an€a5   P.iv'er   are   mu[ri    le55   than   the   ±ml]unt
Cif   Water    [i]ri,tributEi]   ti]   the   Ei]tt;r]m5   fri)in   natura.I    Precipitati€!ri.
Fl]l-e}<amFIlei    I]uring    |`;JE]t]7    the    last   year    fi]r   whi[ri   €treamf lDw5
in   the   BIi}iJi]   CrEek:   are   gagei]]    trie    ti]tal    water    imFIIJrts    ti]    the
I:I]ttamf   was    IEg5    than   Z*}   pert:ant;    i]f   riatura.I    Flre[iFlitatilJn   at
the    Eottr.iT`5    ai.-Ea.     (Ta.b!e    Ei.:3}  .

TABLE   5.E



`'   Tw}]    C:i]n5E€ut;ivE}    WatBr    Yea.r   I:udget     {'E;:3    arid     'E:4)     Avera.gg    F.i]r    the

DrummDni]-Tabler    gDil    A55i]c:iatiDn
(LJnit€     in     iriche5e     e}:[aFit    trl[158

in    Flarerlthe595   which    are    iri    a.Ere-fEet}         -.
t'Jtal   area

F`C:F.

E1. Td
( Ei tJ , :5. zi la ' *

=1. 7d
(59,adt7)

`Z 1 . Td

( 5 1:, , ::: d P )

E1. 7d
(5L?,:=&9)'

AF{E:A    WEIGHTED

59.:±E]    Square   mi  leg    =   ::;:5'!:3E;?.   a[r-eE

AE

1 f, . 1 1
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£`3 . Z 1
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(5'.¥,,`E:i`f=|)

=4.17
( & £=* , 5 rJ E) )

AVEFtAGE3g

£D                    Ft'J                 BFt

1 ®9TJ             4].71              :5.d5
{547.5)          { 19Ei=!}          { 1¢] 7 rj4Z}

:3® ¢j'?               r#. 4E!               1.43€]
{E!5tE}E}           { 1:3E1 }               {Z751 I

t3.1?             ¢}gz5                 ¢3.€tE
(4dE:)            (£Jg,£')                (5Ei )

£® i-JE               tEJ. 51                   t3. €)¢3
{E:¢3:±4}            { 14t;]=±)                        {E}}

ZL.7&         £L.E4   £az5            €,.55        .E.t]: 1

C:ANAL    INFLIJW:        1.:5LI
C:ANAL   I]uTFLI]W :        €t. ¢3¢}

#E::{€'ludirlg   watgr    areas     (aFI[}r[i}{.    Ei!:3tJ7   a[re5}

PCF'    -.-pr-EciFiitatii)ri
AE:      -~   actual    evap}}tran5Fliration
BD      --5[Iil-mi]i5ture    i]eficit
Rl]     --   Surf ace   run.]f f
DFt      --.jeep   drairlage

AFtE:A       WEIGHT*       VE:G.C[lvER

.44

a 4 t:,

5ma I  I
era i rl5

Grasses

.1£                     C:at-
tai  15

.t=44                       Alfalfa.

I-:li]i]d    aLnd    Be[eptil]n    5ubba5iris

A   Water    balance    5imula.til]n   was    al5i]    I.-un    fl]r    thE    entira   I:li]i]d
(appri]!{.llE.Ei    EI].mi.}     arid    DEc:gptii]n     {aFiFlri]}{.    4d.d    gq®mi.)     creek:a
5ubwa.i:er5hei]5     (Fig.    Ei.E}     t.}    a5€eE5    the   variiJu5
1lyi]rcili]gic    [i:impi]rlents   i3f    the   water   budgst   ..juring    dryg    wet   arld
average   year-5   with   regard   ti]   precipitatil:InB       In   al]i]ii;ii]m    trie
Wa.ter    budget    5imulatii]\n   wa.£    used    tD    I:ibta.in   5iirface   runi]ff
estimates    in    the    aLrea   a€    a   func:til]n   I:if    FlreciFiitatii]n    a.mi]untsa
The   avai  lable   weather   i]ata    irl   the   area   5in€e   the    llp5¢:t'5   ware
e:{a.rilined     {F.ig.    5[5}     i;a    f  ind    a.bDve    and    beli]w   average    Firecipitatii]ri
yea.t-s.       The   wa.ter-bul]get    results   fi)r   aL   belt}w   a.verage]    average   arid
abi]Ve   average   water   year    aLrg   shl]wn    iri   Tatllg   5a4   fi]r    tha   E!Ii]i]d   Creek:
Subh`atEr-she.jq    arid    in   T.able   5.E}-fl:ir    the   Dec:eption    Craek:    subwater5rlEi].
Twi)    Vegetatii:Iri    [I:ivgr5    wel.-a    a.E5umed    tci    bE}    thE    prEi]i]miria.nt    typEs     irl
these   5u[ibasinEi    winter   wheat    {5mall    grain5}     a.ni]    native   gra5sEEi
(Pa.5ture).      Thus]    fi]r-Examplei    during   the    19E:4   water   yea.r   trie
DeceF.tion    Ci-eeke:    5ubba5in    I.-eceiv.ed   ££.'?fe]    incrie5    I]f    pre[ipitatii]n
{Table   5.5}     a.nd    using   g{-a5Ees   I]r    pasture    aL€    the    n,aLtive
Ve8etatii:in,   €i:IVEt-3    a:3.44    inches    wel.-a    estima.ted    a.S    beirlg     l[i5t    tD
Eva.Fi[itrarisp'i,I.-aLtii:ini    and    €t.E}4     iri[he€    tl]    gurfa.I:a    rulii]ff     {Whi[h     i5
a   gain   far   tile   Cheyer|nE   I:i]ttcrm5}.      Beep   drainage   duririg   this
Fiet-ii=u]    i5    E5tima.ted    ti]i   be    4.&7    iric:he5.       All    these    water    li]55e5
rE€ulted     in    an    EstimatEi]    sl]i  I    mi]i5tur-a    }]ef i[it    .]f   .5.€$9    in'ches
{Table   5.5}.       It   c:ould   be   readily   re[IJgrii=ad   fri]m   these   tables    that
actual     {ni]t    pDtential}    Evapi]tra.n5p,iratiiJrl    i5    I].F    thg    5ams    I]rder   I]f
magnitude    af    preci.pitatii:irib       F.i]!  Ii]wirig    riat{jral Fire[  i  Fi i  taLt  i }]ri    and



^,

`     Factual    evapt]tran5piratii]rH    the    lar.gE5t   €i]mpi]riant   a+"    thg   Water

[ial.ari[e    in   the   area    if    tr|e   5i:lil    wa.ter   deficit7     iridic:atirig    that
the   water-rESDur.ce£    [IF    the   two   5ubbagin8    are   rrot   mE}ating   the
ria.tur-al    watar   demani]5„       It   shi]uld   be   ni]ted   that   5eEming
''a.ni]malie5"     in    €clme    c:Dmpclnent5    i]f    the    hydri]I[igi,[    balancg7    5u[h    a5

the   apparer`t   higher   deiep   drairiage   vajue5   dLiring   tht5
average   wa.ter`yeari    c:I]mparEi]   to   thg   abiJvg   average   i]ne]    arE   the
re€ult€   rlf   the   pattern   arid   timing   i)f   Pre[ipita.gil:in   Events.      Thu5i
if    the   highest   pre€iFlitatiDri   am.]unt5    fel  I    i]uring    the    5Limmer
mi:Inthsi    they   wil  I    ci]ritritiute   mirlimal    ar!li]Llnt5    tD    dggp    drainage    a.€
c:i]mpared    to    sprirlg   ra.in5.

TAP.LE   i5.4

ElcH]i]   I:ree[r.   5utlba5in
Area   =   71it:JTZ   act-e5

{unit5     irl    iriche£]    a:{[ept    thi]5e    irl
parentrle5as   which   arE    irl   a[r-Efggt}

MATE:Fi.
YE:AR                 TYF. E

1 tr.,5£`,                 B,-y

F.CF`

1 1 . t:, a
(71, 49£)

1+:lE:4                HiJ rma I              =4.¢]1
( 1 4 4 , €3 £' 4 )

1957                WEt                       =i5uZ€}
(Zll,11:±)

19Ei£1                B[-y                       i 1. t-tE
( T 1 , 4 t:, £ )

1l?E]4               Ni]rma (             i.4. ¢]1
( 1 4 4 , ¢} €4 4 '

19E;7               We t I-i 5 . 'Z fo
('Z i 1 , 1 1 E )

HH    =    smal  1'    grairi5
GF{   =    na.five    .5ra55e5

MATE:R
YE:AR              TYF`E

195cl             Bry

AE

1 a . :37
( 1 ¢3 1  ,  1 a ¢3 )

1 t:, . rJ 1}
( 1 1 4 , 4t.,E )

`El!±.T*B

( 1 A+ ¢3 , a 1 a )

1 a . i ± EJ
( 11 :± , E:3&)

E4 . :E:5
{ 14Ei 3 9.a:E! )

:35 . E5
(=11, 41E!)

D Ft                      Fi lJ

.45             .4t}
(Z&|?t-, )         ( E'?:317 )

dat=.I,4                i.E7
{41]&=4)      {7dl7)

i:, . 7 a
(4€',6£j4)

a,3E'
( 1` t? 1 E/ i

4 . ¢3 a
( =4 , :351 )

1 . '?a
( 11, E751

.44
('Ed='?]

.EJ±
( 4 tF 1 E; )

1.E!T7                    1.E:E

88                   CFt,I F`

5.71              WH
( =:4 p E47 )

:I. T€'             WH
(=E ,191 )

¢3. :3'=?                WH

(E£=:E,)

E`.EI          GR
( 4 L? , E` 4 1 )

5.44         GFt
( :3£ , d.'E7 )

:3. E!5           GFt
(119:==!£j}        {1¢}tE71£}    (Z:SIC?I?1}

TAB.LE   5.5
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HH    =    5ma.I   I     grairi5
G.Ft   =    native   gra£5e5

The    ef+r`e[t    I:if   native   gra5595    a5    [i)ntra5tE}d    tl]   5ma.Il    gra.in5
[Iri    the   [[impiJrlentf    I)f    thg   water   balance    i5   apFia.rerit   fri]m   Ta.blEs   .E;.4
arl}]    Ei.5.        Thu€7    ac:tu.al    evapi]trari5piratii]ri     {AE:}     arld    EI:lil    ml]isture
clef icit     {SB}     are    higher-'7       arli]    )jeep    i]rairiage     {BR}     ani]    Surface    run[Iff
{RIJ}     are     I.)war    in    gra5£lani]5    [i)mFiared    tiJ    Small    Era.iri     laril]5.

A   [timpi  latii:In   i]f    Eiurface    rurii]+nf    egtima.tea   fri]m   several    dai  ly
wa.tar-budget    5iriiu`Iatii]n5    iJf    the   al`-ea   with   varying   pre[ipitatii]n
inputs     {in€!.udirig    the    i]rig5    in   TaEI!e5    5.4   and   5„E}     rEsult;ei]    iri    the
rainfall-rirni:iff    relatiiJn5hip   shi]wn    ir.   F.ig.   5.d.       Such   a
relatii3n5hip     i5    ei55erltial    fiJr    i±eveli]Flment    and    Engi,neerirlg   w.]rh:5
at   the   CheyEring   Ei]tti:iinE    5iri[e   the   a:<Fle[tEd   5urfa[e   runi}ff   am[iunt5
ci]uld    be    predicted    Li5ing    thj5    relati[in5hip    Ti:ir-variiJu5    aml]Ijrlt5    i]f
yeat-Iy   rainfallEw      Urifi]rtunately7    5treamgagirlg   reci)rds   ai;   the
Eli)}]d   Creeke:   ngar    the   Bi}yd   gagel    duririig    the   chi]Eeri   avEragelbell]w   anl]
ab})ve    a.v@rage   years    al.-a    ni]t   avai  lable   tni}r    c'iJmpari5on    i]f    simula.tad
arid   clb5erved   rurioff   values.      HDweven    a   5imulatil:in   t-iiri   dur-irig    triE
1+|£J5   water-yeaLri    fl]r   whic:h   Stream   Tli=.w   .]ata.   at    the   a[iD\fg   mentii]riel]
gtatii]n   are   availablei    r-esulted.   in   a   versatile   Budget   estimate
af    1.¢}1iri[hE5    fi]r    Small    grairl5i    resulting    frl:im   £=i.5t?    inchg}£    clf
prEcipitati.]ri   during   tha.t   tJa.tar   yean    which   ami]unt5    tl]   :3.11:E;„5
act-a-feet    {I]rainage   ai.-ea   up   to   the   €trgamfl.Jw   gagir]`g`5tati.]n    i€
:±&t9E7£   acres)  .       This    ci]mFiare5   wel  I    with   the   measured    Stream+lI]w
[If   :3€97.€3   act-a-feet   i]uring   that   water   yBar«

`.

TifliE    pattgrns   i]f    hyi]ri]li]gi[   va.riablEs

The    time    di5trit[utif:iri    i]f    rna){imum    a.nd    mirlimurn    dai  ly    air
temperaturei    pre[ipi..I;ati[irH    5Dil    ml)i5ture   I]efic:it   iJf    the   r!]i]t
zi]inEg    i]eep    i]rairiagE    an'd    runi]ffT    a5   well     a5    Cumulative    valuE£    I]f
actual    evapi]trarlspir-aLtii]rl   anl]   precipitatii]n   ar-g   shi)wn    in    f igureg
5.7i    5«E;   ani]   5u9   fi}r    i;'hr©e   plant    [i]vei.-5     (c:attail59    nati`+e   gi-as€Es
and    smal  I     gt-ain5}     fi]r    the    Drummi]nd-i-abler-5i]il    a5s}][iaLticin
enci]mpa.5sing    the    CheyeinnE   BiJttt)m5®       Ni}te    the    miriimal     a.mi]untg    i]+`
deep    I]rainage   and   runi]if+    friJm   a.I-ea5    [i}ver'ei±   by   cattail€     {F.ig.    5.7}p
a5   €[imparei±   tn   areas    I.Jvei.-gi]   by   5mal  I    grains    (€u[h   as   wheat   -
Fig.    5.`:J)i    areas    ci)vEred    witri    pra.ir`i'E    grag5e5     {Fig.    5aE]}     e!<hibit
intermei]iatE   deEFi   lira.inage   arid   rurii]ff   valug5g    but   creaLte   higher
Ei]il    clef i[its   because   i]f    their   .jeepEr   r.J[It   System   arid    I.]rlggr
gr.)wing   sea5tln.       Ni)te   the   relaLtively   c:.]rigtant   wa.tar   demand   I]F
ca.ttail5    w.hic:.h   t-E€ult5    iri   a   re!ativaly   [I:Instant   water-defi[it
I:iver    time   a5    5hi]wn    iri   Fig.    5.7.       This   wa.tar   i]eniand    is   €i:I    high    that
the   entire   prE[iFlita.tii)n   ami]unt   [iver   time    is    [i]ri5umed~-ru:Its   the
c:umulativE    pre[iFlitati,i}n     (PCP}     and    ac:tual»   evapiJtra.nsFliratiDri     {AE:}
fl]r    c:atta'il£    I.)mFlared    t.]    5mal  I    gr-aLin5    and   gra€Ees.

In    c:i}nclu€ii:Im     it    i5    dEmDn5trated    tha.t    FirE}[ipitatii]n    i5    the
Firinc:iple   water   a.upply   .]f   the   Gheyerlrie   Er.tti]ms7    whi  le   actual
evaLPI=Itrarl5pira.til:In     ig    the    maJi]r    watEr    i]EFiietii:in    FiriJ[@5E    and    I:lil
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ci]mparable   r`lagni.t;uda   ti]   Fire[ipitatiiJn.      Ei]th   these   watgr   balari[E
I.]mp[inent£    }±I:Imiriatf    ani]    contri]l     all    Dther    hydr.]li:igi[    varia.ble5i
5u[h    a.5    runi]Ffv    deep    i±rairiagev    and   5Dil    ml]i5ture    i]ef`ic:it.       It    if
alsi]   5hi]wn   that   the   water-re5I}urceg   i]f   thg   basin   at-a   rii]t   meeting
the   rlatural    Halter   .]ernani]s7    resulting    in   appreciatile    5i:lil    water
dgf i[its.       ThG}   effg[t5'   i]f   vegetatii]ri   iJn   Water   use    i5    5ignif icant
with   prairia   gras595g    catta.i,15t    ani]   alfalfa   transpiring   higher
ami)urlt€    Df   watgr    a.ni]    creating    larger   giJi  I    IT`iJi€ture   .]ef i[it5
c:i]mpared    to    Small    grains.       Hclweveri    deep    drainage    ft-Elm   5ma.Il
•5rairl5    is    larger    [i]mFiared    ti]    the    I]thgr   vegE}tatii]rl    typE5
[Dn5il]erei]    in    this    repiJrtp

§treamf l[iw-grDurrdwater    iriteracticln

The    [li]5e   as5i][ia.t'i[in   be.tw€en   gri]urid   anl]   Surface   water   m©arig
that   a   tl-Ii]ri]ugh   understarli]ing   I]f   wetla.nd   hyijriJII]gy   requires   the
stuii]y   i]f    bi]tli.       The    hy.]rcill]gic:    5y5tEm    iJf   whic:h    the   wetlani]    i5    a
[ia{-t]     i5    5uffi[iently   [I]mple}i   triat   alteratii]rl5    ti:I   i]rie   pal.-t   i]f   the
system   may   have   far   reaching   Effects   upi]rl   the   iJtrier   ci]mpi:inentg
{Carter   et   alD    IP7£]}.       Fcir   e}{amplei    heavy   Pumpim]   Df    gr,i]uni]   waLtEr
may    II]wer-the    wa.ter    table     li]caLllyg    i]e[t-ease    Eia5E    fli]w5]    I:ir     iridu[e
recharge   fri]m   wet!arid£.      Di5turban€e   Df   the   river   bEd   by
charirlelizaLtii:in   may   a.Iter    the    ba.5e    f![iw.        Impi:iuni]ment    may    cause    a
ri5e     in    li}£al    gt-I:tuni]   water    levels    Eaugi^n9    I]estru[tiiJrl    i}f !
Creation    i]f i    .]r    charigeE     in   rieaLf-by   wetlands-

During   thg    last   5ev@ral    years   €treamf I.]w5    iri   the   Ar[!:angas
River   frcim   !€:in,F!ey   tl]   Gr-eat   I:eni]    have   bfen   .]ecl  iriing    5o    sev.Erelyi
tha.I    nD   wa.tar-.[i]uli]   Eie   i]ivertei]   fri)in   the   Arkan5a.5   Ftiver   at    tt-ie
k:ansas   Fish    and   fiamE   Dundee   Diver5ii]ri   Ba.in
tD    the   Chey.Erine   EI]ttl=im5   'via   the    inlet   [ariali    specifically
i]e€ignai]    tiJ    Flri}vii]e   water    ti]    thE   Ei]tti]ms    .luring    I:ritic:a.I
Fieriai]5®       I]ne    of    the    rgaLSDn5    fi]r    these   gtreamf!i]w   t]acline5    i5
bet  ievei]   .ti)   tie   the    large   gri]undwater-based    irrigat.i}Jri   i]eve!iJFtment
in   I,entral    and   We5tErn   {€:an5a.5    aLnd   E:a5terri   Ci]Ii]radi].

..  In   ciri]er   ti]   I]uantify   t.he   Effects   i)f   gri]uni]watEr-ba5ei]
irrigaticin   i]ri   5treamf li)wi    a.   Flump    test   was   ci]rii]ucted    aliJng    the
AI.-k:ari5a.S    F{iver    nEa.I.-GrEa.t    Bend     (T.1l}S7    Rat:3W]    §ec.:3£}  .        A   ft3:3-in.ch
irt-i.gatiBn    WEI  I      {¥-t5`     dgeFi}     aF.pri]}:imately    =€}E}    feet    ft-i=Im    the    5i:Iubh
[Iank    I]f    thg   Arkari5,a5   River   and   mi:irg   than   Et!}   cib€ervatil]n   we!  15   wei.-a
in€tal  led   fiJr    the   5trea.in-aqu'ifer    tgfting-l]n   Apri  I    fiT    1'.=7S&   an   E:~day
pumFiing    test    waLs     initiated   with    the    pumping   well     dischal-ging    17-E;€}   gFlm.
In    adi±itiiJn    ti]    water-level    mdniti:Ii.-irig     in    the    rlumeri]115    }}b5erva.tiiJn
wells9    streamfli]w   and    ge[Ichemi€al    mea5uremgnt5    Wel.-a    al5i]
c:I]nl]uc:tgd    during    the    pumFi    test   perii]d-

Analysis   i}f    €.trea.mf ll]w   m©a5urement5    ini]icate    that   during    trie
pump   test   gtrgamf ll]w    i'n   the   Arkarisa5   Ftiv@r   i]ec:rga5ad   at   a   rate   iJf
appf-ci!{imately    1    cubic-fi]cit    Fier   5e[i]nd{cf5)t'i]ay   ag    a   ra5ult
clf    pumpirlg.       The    a.vEragE
Arkari5aLs    Fti`.ver    5treaLmf li]w   i]ecrea.sad    frt]m    a.ppri]!<imaLtaly   &    cf€    I]n
Apri  I.Z1-i    befiJre    the    pumFI    te5t7    ti]    aLFipt-i]:{imately   E   [f5    by   Apri  I
EEt    tha   fi]ui-th   i±iy   I)f   pumFiing.       A   €t;reamf li)bt   r€[[Ivet-y   was
[ibgerved    aft;er   the   pumpirlg   well    was    shut    I]ff   i]n   Apri  I    Zt]. 9    a5    c:an
Eie   sEen    in   Fig.    If3.       It   wag    aLI€i]    i]b5erved   that    the   grnuni]wat©r
Bra.]i'Ents   just   Ei61.}]w   t-hE    strEambgd   werg   rEver'sgd    during   the
pumping   te5t§    befl]re   tha   testing3    the   Stream   wa.s   a   gainirlg   5i;rea.in
that    iE    .it   gained   water   fri}m
the   aquifei-i    I]uri..ng   the   test    it   tle[ame   a    li]5ing   5trgam    that    i5t    the
the    Stream   i}r   h<a5    feei]irig    the   ai]ui,fer7    arii]    Ii:ii]5irig   5treamf I.]w.
When    thg    p*mp   was   Shut   i3ff i    the   5tt-Sam   aga.in   g.aingri   watEr   ft-i:Irii
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•`.t;hE    ai]uifer.    ThE5e

8rai]ie,nt   reversals   Can   be   Seen    irl   F.i5.llT    where    the    gt-i]unijwatgr
grai]ients   bgtweerl   tw[i   arid   triree   feet   bgl[iw   the   streambEd   a.re
Shi3WrH    a5    mea€-ured    by   mirlipiezi]mgtEt-5.       Such    data   pr-I:ivE    Ei©yl]rld
ally   dDLlbt   the   5trgam-aquiFer    interrelaLtion5hip.       Data   ana.Iy5is
fr.Jm   this    test    i5   Etil!    cclntinuirigi    and   a   mi]re   }]etai  let]
[i]mpreherl5ive   rEpl]t-t   i]n   the    stt-eam~aquifer   te5tirlg   wi  Ill    bE
Fire5entEd    €epa.rately   wherl    al  I    da.ta.   arla!ysi§     i£    [i=ImplEtei].

FtEF.EHENCE5

I:aierp    W„    Dyen    J.A„   a.rld   §haLrp!    W.Fi.„    1t-;Tt7.      The   versatile    siJi1
ml}iEturE    bui]get.       Tech®    Bull.    E]7.9    Agri]metei)ri:ili}gy   5ectii]rH
Res,ear[h   EraLri[h.    Agi-ic:u'lture   Cariai]a]    l]ttawa9    0ntarii]7    Carlada7    5E
I,P.

C:arteri    V„    Eedirlger-g    prl.g„    NI]vitzl{:i7    Ft..F'"    and   Wilerw    W.I]"
1.:JTE:a       Water    I.-e5i:ILir[eg   arid   wet!aril]5.       Irl:       Greegi:irn    F'.E"    Clarki
J.Ft"    a.nd   Clark:t    J.E.     {eds}]    Wgtlani]   F.unctii]rl5    arid   Val'ues:       the
State   i}f    i}ur   Un.]erEtandirigi    Natirjnal    5ymFIIJ5ium   i]rl   Watlandgi    Amer.
WatEr    F{e5i}urc:.    Asgi)[„    MinneapDI  i59    Minne5i]ta7    p.    £44-:37£i„

Di]dge]    D.A„    WghmuEIlgri    hl.A"    Hrjffmani    EaR"    arid   Gt-imwi]cldi    T.B"
19t]1.       S[Iil    §urv©y   i]f   E`artiJri   Ci]urityi    +€:an5a5.       U-FJ.    BeFiartmarit    i].f
Agriculturgi    §i}il    Ci]i-iservatil:in   5ervi[gi     117   FiFi-

HIJlme57    F{.M"     aLnd    Fti}tlert5Dm    G.W®]     1'.?59.        A   mi]i]ulated    5i]il
miJi5turE    bu.]get.        Mi]rlthly   Weather    F}EtriE}w3    a7=1¢31~1¢}&.

I::I."I  i[::I]w5+.:a.i    J"    197E!.       The    transpi'ratii]rl    iJf    helaphyte5.
EL::lJ  I  [15  i a    F`.)  15k:ai    ,Z&  {=}  €  1PE~E.1.Za

gi]ph[It:letiu5i    m®A„    ari.]i   mcAII  ister7    J"    1'?E!d.       Hyi]ri]II:igic    balance
ml]del  i'ng    Df    the   F{attleEnak:a   I.reek:   water5hed7    I::ari5aE.       I€:ari5a5
GeiJlagic,al    Survey   I]peni-F..i  le   Fiepi)rt.

Va.nijerliFH    R.L"    a.nd   Bt-i]wm    M.J"    1974.       E5timatii]n    Lif    i]aily   gi]il
miJi5ture    fi]t-winter   wh,Eat    in   I::anga.5.       CiJrltrib.    NI].1a`:17    I:::an5a5
WaLtEr   BEsi]ur-c:es    RE€Earc:h    ln5titutei    =!t}   PFh    Plus    apperidi[e5-
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. BIood   and   Deception   Creek   Drainage   Basins  and   Associated   Climatic  Plegions
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SOIL   ASSOCIATIONS  --   Cheyenne  Bottoms  Drainage  Basin
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Average  rainf all-runoff   relationship   in   the  Cheyenne  Bottoms  watershed

Water-year   Surface   F]uncif f     (inches)

Fig



F.fG.¢7 WIC,LAfDQLuuc./\|€3€4

c!,::_c~otr_rtyquD      q| rh/gr6
CATPIJ5T

VEPISATILE    SOIL    MC)ISTUPIE   BUDGET

+                                                                                                                       DAILY   VALUES

DAILY   VALUESmlI,,,,L.,                 `        .    ,,     IM      I     ,   .        I      ,   ,I,     ,           .           ,.       ,       '

DAILY   VALUES

---CUM.  Flo
GUM.     DF]

---GUM.   AE
-GUM.  PF]CP                    7,

-
111111111111111111111-r

11111111111

OcT         NOv         DEc         UAN         FED         RAP       APRIL       »Ay        uunE       July        Au6        §EPT        OcT

DF]UM.TAB.-C:LAFLIN-CATTAILS   WATEF]   YEAF]    1984
fJrJ ,   7



120

100

80

60

40

20

0
-20/5

4
3
2
1

0/10
a
6
4
2

0/10
a
6
4
2

0/50

u ci cLj`t:DRunGcass 8 3¥4
6.grxpsscc~Nt>
GG`^TSS   Pul]l       oL/O(76

VEF]§ATILE   SOIL   M0ISTUPIE   BUDGET

OCT          NOV          DEC          JAM          FEB           NAf]        APF]IL       NAY         JUNE       JULY         AU6         §EPT         0CT

DF]UM.TAB. -I:LAFLIN-GPIA§§   WATEF]   YEAF]    1984

F,3.   8



i I 6 . J7, 7
WYCLAfoRtthuJ#384

5` AI L 6GiA=w CC. I+e`o\iD
St`AllGfi-tsINplol

VEB§ATILE   SOIL   M0I§TUBE   BUDGET

c{/rhis€

120

100

80

60

40

20

0
-20/E

4
3
2
1

0/10

OCT          NOV           DEB          JAM          FEB           MAf]        APF]IL       NAY         JUNE        JULY         AUC         §EPT         OCT

DF]UM.TAB.-CLAFLIN-SMALL   GF]AIN§       WATEF]   YEAFI    1984

Fr:3,    i



WELLEF].S    DC)WN§TF]EAM    STATION

24                    2§                    26                    E7                    28

lJATES   --   APBIL   1986

F:,a_,a

S



Piezometer   Level   vs.   Time
o`'

ul\

rfopo   -4000   -3000   -2000   -iooo           0         iooo      2000      3000      4000      5000      6000      7000      8000      9000    ioooo    iiooo    i2OOO    i3OOO    i4OOO

MlnutBs   Elap8ecl    (alnce   pumping   Started)

fT,J .  , `


