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Summary

Al matural wetland functions are closely related to wet-
land hydrology. MWater enterings stored ins and leaving a wet-
tand can be expressed in terms of a water budget. In this studys
a meteorological water budget called "Versatile Budget® is em-
ployed to sstimate daily values of actual evapotranspirations
soil moisture content in several zones»: or layers in the soil
profile (and hence soil moisture deficits or surpluses)s and
water losses due to surface runeff and deep drainage.

In arder to employ this water budgeting fechnigues the
Chevenne Bottoms Watershed was subdivided into fthree climatic
zones and four dJoeminant soil associatinons. Predominang
vegetation covers were small grains and native grasses. Results
from this water budgeting procedure demonstrate that
precipitation is the principle wabter supply of the Chevenne
Bottoms {much larger than fthe combined flows of the Elood and
Deception Creekss: and the inlet canal water inports)s whilse
actual evapotranspiration is the major water depletion process
and of comparable magnitude to precipitation.
It is also demonstrated that the water rescurces »f the
basin are not sufficient to meet the natural water demandss
resulting in appreciable soil moisture deficits. The effects
of vegebtation on water use is significants with prairie grassess ?
cattailss and alfalfa transpiring higher amounts of water and |
craating larger soil moisture deficits compared to small grains.
Howevers deep drainage from small graims is larger compared to
the other vegetation types considered in this report.

The interaction between surface and groundwater was also
demonstrated in this report by conducting a stream-aquifer
pumping test along the Arkansas River near Great FEend. As a
result of pumpings the groundwater gradients feeding the stream
wetre reverseds that is the stream was losing wabter to fthe
aquifery resulting in streamfinow declines directly attributable
to groundwater pumping.

Introductinn

Wetlands are dynamic ecosystems with fluctuating
koundaries. They can be characterized in ferms of hydeologys
vegetation and saoils. The three components interact with each
other and with geology and tapography to give a wetland its
distinctive characteristics. Water enterings stored iny and
leaving a wetland can be expressed in fterms of a water budget.
According to Carter et 21. (1278) all natural wetland functions
arg a result ofs sor are closely related tos wetland hydralogy.
Most nutrisntsy whether dissolved or in par#iculate forms move




*theough the wefland in or with water. Therefore a basic

understanding of the hydrology of the wetland is needed in order
to determing overall nutrient budgets.

In twrder to establish the value of weblandss we must
idantify and quantify the hydrologic and binlogic functions the
wetlands perform. BEecause hydralogy is the dominant influence on
all wetland functinnsy we neged to provide an accurate definition
of the hydrologic characteristics of wetlands.

Water Budgst

Water budgets are often used in hydrologic analysis of
wetlands. The water budget method allows the planner tw compute
a continuous record of scil moistures actual evapotranspirations
groundwater recharge and surface runoff from a metenroiogical

record and some observations on the soil and vegetation. The
power of such a techrnigque in planning is obvious. The water
balance has been used for computing soil moisture stress under

which natural vegetation can survives the prediction of
streamflow and water table elevationss the flux of water to lakes
and variations of water level and salinity. The most nbvinus use
aof the water balance is in a basic descripfion of the hydrolagy
of a place or region. The water balance is also useful in
predicting some of the human impacts on the hydrologic cycle.

The hydralogic effects of changes in weather or changes in
vegetation cover can be quickly estimated at a very early stage
in planning.

Varsatile Soil Maisture Budget (VI

Most water budgeting technigues make use of the well-known

~concept of pofential evapotranspiration as an indicator of the

possible maximum Inss of water from the soil under conditions

where soil water supply is noet limiting. Budgeting methads for
estimating soil moisture and actual evapotranspiratisn from

vegetated soily when water supply is at times limited, are
comparatively more complicatedy since they account for varisus
soif and plant characteristics that modulate or alter the
potential rate. In this report a meteoraological soil moisture
budget called “Versatile Budget" (Baier et al. 197%)s which is a
multigeneration evolution of the Holmes and Robertson (1%5%9)
modulated budgets is employed.

The Versatile Soil Moisture Budget (VB) requires as minimum
input only daily observed data on precipitation and estimates of
potential evapobtranspirations PEs or the total sky and solar
radiation at the top of the atmosphere (which is availabkle from
standard tables as a function of latitudels and
daily minimum and maximumn
temperatures if daily PE values are not availables as in the
present case. The VE computerized procedure simulates variations
in daily soil-moisture caontent by making use of physical and
binlagical concepts of water movemsnt in the sonil and water
uptake by plant ronts., The VE sutput contains daily estimates of
actual evapotranspirations AEs-soil moisture content in several
"zones” or layers in the soil profiles and water lonsses dus to
runoff ard drainage. PBecause the Jdata from climatological
stations are usually considered to be representative of the
surrounding areas it can be assumed that the estimates of the
variouws hwderologic components based on such data ars atso
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representative of this same area and of the soil for which the
water characteristics are specified in the particular computer
Fuf.

The basic structure of the budget can be described by the
flow chart presented by Eaier et al. (197%)s shown in Fig. S.1.
Model components can be split into evaporation functionss
inctuding all vegetation cover and scil water extraction
characteristicsy and recharge functions including infiltrations
drainages runoff and snowpack submodels.

The validity of fthe estimates from the VE has been
extensively verifiad by compariscn with measured datas and by
evaluating the efficiency of such estimates in explaining
variations »f observed crop yields. For further details on the
VE and verification the reader is referred to Baier et al. (197%)
and Sophocieous and McAllister (1934).
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KWater Budget Implementation

a} Climatic zones: The Chevenne Bobttoms watershed was
subdived into three climatic zones in arder %o model the water
budget for the entire basiny based on the distribution of
available Mational Dceanic and Atmospheric Administration (NOAAD
climatological stations covering the basin(Fig. 5.2} . The three
climatological stations recording daily maximum and minimum
temperature and precipitation are the Claflin station
covering mainly the northeastern portion of the basins
the Great Bend stakion covering the southwestern portion and the Bison
station covering the northwestern portion of the basin (Fig. Z).

by Snils: There are four dominant soil associations

(Dodges et al.» 1921) composed mainly of nine different soil
setries Wwithin the basin (Fig. 5.3 . For each soil series the
available water capacity was determined from the Barton County

1 Bail Conservatinn Service (8CSr snil survey (Dodges et al.s 1%81)
to depths of ones three and five feet. The ane foot soil depth
was used to model the available soil moisture for cattailss since
thay have a rooting depth of up to one footid the three foof soil
depth was used to model the available soil moisture for winter
wheat and other small grainss since they have a rooting depth of
approximately three:feet. The five foot depth» which is
generally the depth limit of the 8CE sonil surveyss was used for
all other vegetation covers in the basins since the highest root
density of most crops and grasses is in the upper five feetb.
Soil associationss soil compositionss and available water
capacities for each soil are tabulated in Takle S.1.

¢} Vegetation: Inm the Cheyenne Bottoms basin the dominant
vegetation types are dryland winter wheat and native grasses
{(grasstandy pasture)’ in additions in the Cheyenne Bottoms
propers cattails are prevalent. The vegetation parameters are
represented in the versatile budget by crop coefficients. There
is a coefficient for each “standard® soil zone anmd a different
set of coefficients for each stage of crop growth. At different
plant-growth stages the roots canm utilize the moisture in the
soil profite at different depths and rates. Crop coefficients
for winter wheat (and small grains) were modified from Baier et
al. (1979 and Vanderlip and Brown (1974).

TABLE 5.1 -~ Safffﬁﬁaracteristics—CheyennerEﬁﬁﬁ?ms Drainage Basin
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Soil Association Eail FPercentage Total Available
(arean) Compnsitinon Water Capacity for
Upper 5 ft.
(inchesg)

Fratt-Carwile Fratt - BHY o B
(4.0 mi 2} Fratt - Tiveli - 11X

Narum - 15%

Tabler - Drummund - 16X
Mew Cambria-Hord-Bridgeport Hord ~ 50X 1.8
(Z4.159 mi 2} New Cambria - 232X

Harney -~ 22X
Drummond~Tabler Drummored ~ 38X SL.EY
(59.88 mi 2) Tabler - Drummond - 2%

Tabler - BX

Hard - 4%

Naraon - 3%

{(Water-~covered arsa - IHX)

Harney-Crete Harney - &8¥% 1e.17
(149,37 miZ) Crete - 15%

Nibsan - KWakeen - X

Wakeen - BX

Crop coefficients for natural growth (simulated as brome

grass) and alfalfa are those presented in Baier et al. (127%).
With regard to cattails we had difficulties ohbtaining crop
coafficients. A literature search resulted in very few releavant
publicationss the most useful of which was the study by
Erolikowska (1978). Analysis of actual and potential
evapotranspiration data from that publication in conjuncbion with
field observations at the Cheyenne Bottoms resulted in the crop
coefficients used in this study. The wvarious crop growbth stages
and corresponding datesy as well as the crop coefficients adopted
in this report are shown in Table 5.Z.

The components of the water balance resulting from the
versatile budget procedure were added by a specially written
program to check for input errors and JdJetermine the range of
ervor within the calculatinns. The utility program calculated
the hydraloagic balance equation error as:

FCF + 8D - ET - DR - RO = error
whetre FCF., = precipitation (inm
S = swil moisture deficit (in)
ET = evapaotranspiration (im
DR = deep drainage (in)
R3 = surface runoff (in

Latge errors were considered o be input errors and were
traced to theitr cause and corrected. Emall errorss generally
less than one percent of ftotal precipitation were considered %o
be due fto cumulative rounding errors.

TARBLE 5.2

GRIDHTH



. | CRIOE STAGE DATEE GROWTH STAGES CROF COEFFICIENTS

/Zp-10/17 Fallow 43 15 .12 .18 M 5
la/18-11/728 Flanting o emetgence 46 .15 L1 .14 LBE L0l

®
®
Wheat- 12/1-3/01 Dormancy A W15 L1E 0 .19 LSBT 81
@ Fatlow
B/E-B/Y Spring growth o 17 W13 Lile LT LR LBE
heading
@
@

Smal | B/E-G/Z20 leading to sofftdough <33 W15 14 W 1E S Y

Grains

B/21-4/715 Soft dough to LEE L1 WiE Lle =T E
ripening and harvest

&/i6-18710 Fallaw . e - 15 « 12 - 165 u 3 Wbl
Brome PIEG-3/1G Dormancy LEB 0 JEe R < R < S © S - &
Grass
{grass~ 3I/14-16/10  Growth L5500 .19 L1700 Wes ez el
lands
pastura)l
Cat- PAZB-3/15 Dormancy 1.97 .75 3P Jla LeE Led
tails
2/1E-1u/18 Growth A R WET L3 LE e
PE2B-11/20 Fullcover SEa W25 it BN <{ s B & = I ¥4
11/721-4/1 Dotrmancy LOB 2R Lie oLed LeE el
q/Z-4 15 Spring growth o 58 e A5 W12 LB .85
full cover
Alfalfa 4/10-5/2a Full cover to ist cut B¢ .25 LEZ WEE W1B W10

B/21-&/16 st cut to Ffull cover GO LZ2E JdEo1B 15 Lie
G/L1-TA10 Fuil cover fto Znd cut .58 .25 28  JEe Jl8 0 L 1E
T/1i1-8/1 Zznd cut bo full cover 45 LJE5 L2 WEB LEB .15
B/E-2/5 Full cover to 3rd cut B8 .25 2B WEB 1B L1E
PE-1G10 Zrd cut to full cover .45 WZ0 SEB . WER JFe .15

Results and Discussiaon

7
Chevenne Bottoms and surrounding Drummond-Tablier soil association
area:

Table 5.2 summarizes the resuits »f the water budget for the ,
nan-water covered area {(more than 96% a2f total area) of the
Drummond~Tabler soil asscciation which encompasses the Cheyenne
Eottoms (Fig. 5.3). This budget was run for the last twe water

vears for which data were available at the time (Octobsr 1y 1992 ;
to Septebmer 38y 1934) and the results for the area not covered :

by open waterwsere averaged for a water year period (Table 5.3).
Using native grasses as an examples acktual evapntranspiration
from the grasses (23:21 in.) was higher than the precipitation
in the area (21.74 ifr.}s resulfting in a soil moisbure deficit
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Tof 3.09 inches. Runoff. from grassiand: during the accounting

periads amounted to ©.43 inchess while deep drainage was 1 inch
(Table 5.3} .

X It is seen that natural precipitation is the dominant water source
in the arear while actual evapotranspitration is the predominant water
Tingss" term. Soil moisture deficits which is the next (second in
magnitude) water "ioss" terms indicates that climatics vegetation and
animal water use consumption exceeds the combined sum of precipitations
canal water import: and moisture of Tthe soil profile. It should alsc
ke noted that fimal soil-moisture deficit values are not

monotonically cumulatives [ike values of precipitation:
evapotranspiration: draingages and runoffs but is a running

algehbraic total (with positive and negative values). DBecause

the final soil deficit indicated in the tables of this report

is responsive mainly to the weather conditions of the previous

few weekss the reader is referred to the time distribution of

water balance components shown in figures 5.7 to 5.% (to be discussed
in greater detail later).

Alflafas prairie grasses and cattails consumad on
an area-weighted average 34.5% more water than small grainss such
as wheat and millets during the water budget accounting period.
The largest contributor to deep drainage [nsses» howevers was the
small grains groups mainly because of its shallower root system
compared to the prairie grasses groupy and its lower
transpiration activity. In comparing the values of the water
kalance components from this and other following tabless the
different depths of the roont =Zone for wvarious vegebtation covers
should be kept inm mind. Thuss for the Drummond-Tabler soil
associationy the available water capacitys which is a measure
of the maximum puossible soil deficits is 1.¥ inches for cattailss
5.3 inches far small grains and .2 inches for grasses and ’
alfalfa aver the soil thickness of fthe roof zone.

It is worthwhile noting (refer to Fig. S.4) fthat during the
two wabter wvear budget accounting period an average of only 4429 ac-ft/
v+ were imported in the Eottoms through the inlet canal and none was
released at the wutlets compared to 12000 fo Ze@de ac-fH/yrs on
the average: imported during the 48's and 7@'s (Fig.5.4). Streamflow
data from Blood Creek are not available since 1¥3a. If the average
streamflow data during the water years 1978 and 1%7% were taken
as representative of recent conditionsy then less fthan Z908 ac-
ft/vr wopuld have entered the Drummond-Tabler snil associabtinn,
which amounts to approximately @.4 inches of water over the
Drummond~Tabler area. Contribubtions from the Decepfion Cresels
whith were never measureds are expected to be less than half of
those from the Blood Creek subbasin due to the smaller size of
the Deception Creek subbasin (Fig. 5.2}« These amounts of water
wetre probably consumed in the Bottoms general area since canal
cutflow during the 1983 and 19234 water years was zero. It is
interesting to note that the total water imports to the
Cheyenne Bottoms from the Blood and Deception Creeks and the
intet canmal from the Arkansas River are much less than the amount
of water contributed tow the Bottoms from natural precipitatian.
For examples during 1%20. the last year for which streamflows
in the Blood Creek are gaged: the total water imports to the
Eottoms was less than 29 percent of natural precipitatisn at
the Bottoms area (Table H.3).

TAELE B.32
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" Two Consecutive Mater Year Budget (‘23 and 'S4) Average For the

Drummond-Tabler Soil Association
(Units in inchess except those
in parentheses which are in acre-feet)

total area = B59.52 square miles = 323383 acres

FCF AE =D RO DR AREA HWEIGHT* VEG.COVER

21.74 17.11 1.9 .71 D65 4 Smal |
(52269 % (BZB7E) (B475) (1253 (1@ 04EF) Grains

21.74 23.21 3.9 & .48 1.66 ot Grasses
(5P 269} (£33 258) (256E) (1321} (Z7TE1}

Z21.7& Z1 .53 B.17 G256 .oz .12 Cat-
(5% 369D (591 2364} (452 (&23) (55) tails

21.74 £4.17 - E B.51 .00 - 24 Alfaltfa
(59260 {(£4:580) (2034) (14a73) (&)

AREA WEIGHTED AVERAGES:
21 .74 21.24 2.28 9.55 Zael

CAMAL INFLDW: 1.3%
CAMAL. DUTFLOW: 9.80

*Excluding water areas (approx. H5:307 acres?

FCP -- precipitation

AE -~ actual svapotranspiration
B0 -~ sail-moisture deficit

RO  -- surface runoff

DR -- deep drainage

Elonod and Deceptinon subbasins

A water balance simulation was also run for the entire Elond
(approx. 11E2.5 sg.mi.} and Deception (approx. 44.4 sg.mi.) creeks
subwatersheds (Fig. 5.2} to assess the various
hydeologic components of the water budget during drys wet and
avetrages years with tegard to precipitation. In additions the
watar budget simulation was used to obftain surface runoff
estimates in the area as a function of precipitation amounts.

The available weather data in the area since the 1¥50's were
examined (Fig. 5.5} to find above and below average precipitation
vears. The water budget results for a belsw averages average and
above average water year are shown in Tahkle S.4 for the Blood Creek
subwatersheds and in Table 5.5 for the Deception Creek subwatershed.
Two vegetation covers were assumed to be the predominant tvpes in
these subbasinsy winter wheat (small grains) and native grasses
(pasture). Thus: for example» during the 1984 water year the
Deception Creek subbasin received 23.98 inches of precipitation
(Table 5.5 and using grasses »r pasture as the native

vegetation cavers 23.44 inches were estimated as being lost to
evapotranspirations and .84 inches to surface trunoff (which is

2 gain far the Cheyenne Bottoms). Deep drainage during this

peticd is astimated to be 4.47 inches. All these water losses
resulted in an estimated soil moisture deficit of B5.89 inches
(Table 5.5}« It could be readily recognized from these tables that
actual (not potenmtial) evapotranspiration is of the same order of
magnitude as precipitation. Following natural precipitatian and
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demands .
in some compoenents of fthe hydrolegic baltances such as
the apparent higher deep drainage values during the

vears compared to the above average ones are the
results of the pattern and timing »f precipitation events.
it the highest precipitation amounts fell during the summer

pitation,
ea is the
es af the
It

the ltargest component of the waber
snil water deficits indicating that
twn subbasins are not meeting the
gshoulid be noted that seeming

Thus s

sy they will contribute minimal amounts to desp drainage as
comparead fto spring rains.
TAEBLE 5.4
Elaod Creek Subbasin
Area = T1s%7TZ acres
{units in inchess axcept those in
patentheses which are in acrefeet)
TYFE PCF AE DR RO D CROF
Bry 11.%2 1£.87 « 45 . 5.71 I
(712493 (lals128) (ZA99) (2239 (3442473
Mormal 24.01 19,09 PR 1.27 D.TO WH
(144004 (1142495 (41:424) (T&1T) (ZZ+1%91)
ket 35 .20 26.T8 &.TE 1.98 B3 kiH
(114115 (1e0sa13) (49.444) (L1875 (2339
Bty 11092 ig.82 « 3E .44 2.Z1 GR
(T1:4%2) (113+238) (1a1) L2432 (4222410
Miormal Z4.01 24 .33 4,84 BE H.d44 GR
(144s004) (145.923) (2423513 (4218} (321827)
Wet Zh.Z0 28.25 1.8% .82 o.85 GR
(211118 (211.412) (114334 (1O+218) (230213
small grains
native grasses
TAELE 5.5 :
Deceptinon Creek Bubbasin
Area = Z9:841 acres
funits in inchess except those in
parentheses which are in acrefeet)
TYPRE FCHF AE DR R a0 CRIOF
Bry la.50 15.98 .94 6o 5.81 WH
(23857 (IR T3} (Z238) (199 (144433
Mo rma Z23.90 12,38 5.02 =4y .51 WH
(52433 (4B.70s) (19244 (2213 (2res
ket CT EH.aT 1. 68 1.12 B.75 1lH
(FLaE6E) (A3:335) (Z&.588) (2735) (1845
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1954 Dy 1a.20 1z.2% 5 I 8.0 2.14 GR
(24, 857) (45.333r (72D (192 (Z0+242)
1924 Mormal Zo.90 23 44 4.1 &, 5 5.0% GR
(524233 (85,289 (1i:444) (2089 (1265
1957 Het e =T 34,54 4 .06 .18 25T GR
i (9194a8) (B5.89%2) (11,3483 (2934 (857
WH = small grains
GR = native grasses

The affect of native grasses as contrasted to small grains
aon the components of the water balance is apparent from Tables 5.4
arnd B.5. Thus. actual evapobranspiration (AEY and soil moisture
deficit (81 are highers and deep drainage (DR} and surface runcaff
(RO} are lIonwer in grasslands compared to small grain lands.

A compilation of surface runaff estimates from several daily
water budget simulations of the area with varying precipitation
inputs (including the ones in Tabies 5.4 and 5.5 resulted in the
rainfali-runaff relationship shown in Fig. B.&. Such a
relationship is essential for development and sngineering works
at the Cheyenne Bottoms since the sxpected surface runoff amounts
could be predicted using this relationship for various amounts of
vearly rainfalis. Unfortunateiys streamgaging records at the
Eloosd Creek near the Boyd gages during the choaen averagesbelow and
above average vears are not available for comparison of simulated
and observed runoff values. Howevers a simulation run during the
1%£5 water years for which stream flow data at the above mentioned
station are availables resulted in a Versatile Fudget estimate
of 1.@%inches for small grainse: resulting from 3.5% inchaes of
precipitation during that water yeats which amounts to 3s113.5
acre feet (dra(nage arga up to the streamfiow gaging station is

BEAPPE acres). This compares well with the measured streamflow
of 2078 acre~feet during that water year.

Time pattérns of hydrologic variables

The time distribuftion of maximum and minimum daily air
temperaturesy precipitations soil moisture deficit »f the root
zones deep drainage and runoffs as well as cumulative valuss of
actual evapotranspiration and precipitation are shown in figures
.71 BuB and 5.9 faor three plant covers (cattailss native grasses
and small grains) for the Drummond-Tabler soil associatian
encompassing the Cheyenne Bottoms. Note the minimal amaunts of
desp drainage and trunoff from areas covered by catfails (Fig. S5.7)»
as compared to areas coversed by small grains (such as wheat -
Fige. 5.3 areas covered with prairie grasses (Fig. 5.8 exhibit
intermediate deep drainage and runoff valuess but create higher
snil deficits because of their deeper rooet system and longer
growing season. Note the relatively constant water demand of
cattails which results in a relatively constant water deficit

over time as shown in Fig. 5.7. This water demand is so high that

the entire precipitation amount over time is consumed--note the
cumuaiative precipitation (PCPY and actual evapoiranspiration (AE)
for catfails compared to small grains and grasses.

In conclusions it is demonstrated that pracipitation is the
principle water supply of the Cheyenne Bobttomse: while actual
evapotranspiration i& the major wabter deplistion process and of

i
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comparable magnitude to precipiftation. Both these water balance
components dominate and contro!l all other hydrologic variables»
such as runoffy deep drainages and soil moisture deficit. It is
alsn shown that the water resources of the basin are not meeting
the natural water demands: resulting in appreciable soil water
deficits. The effects of vegetation on water use is significant
with prairie grassess cattailsy and alfalfa transpiring higher
amounts of watsr and creating larger soil moisture deficits
compared to small grains. Howevers deep drainage from small
grains is larger comparsed to the other vegetation ftypes
considered in this teport.

Streamflow-groundwater interaction

The cinse association between ground and surface water means
that a fthorough understanding of wetland hydrolongy requires the
study of both. The hydrolngic systems of which the wetiand is a
parts is sufficiently complex that alterations to one part of fthe
system may have far reaching effects upon the ofther components
{(Carter et al. 1978). For examplesy heavy pumping »f ground water
may lower the water table locailys dectrease hase flows: or imduce
recharge from webtlands. Disturbance of the river bed by
channelization may alter the base flow. Impoundment may cause a
rise in local ground water levels causing destruction ofs
creation ofs o+ changes in nearby wetlands.

During the last several years streamflows in the Arkansas

. River from Kinsley to Great Bend have been declining so severelys
that no water could be diverted from the Arkansas River at the
Fansas Fish and Game Dundee Diversion Dam
to the Cheyvenne Bottoms via the inlet canals specifically
designad to provide water to the Bottoms during crifical
periods. Dne of the reasons for these streamflow declines is
betieved to be the large groundwater-based irrigation development
in central and Western Kansas and Eastern Colorado.

. In order £o gquantify the effects of groundwater-based
irrigation on streamflows a pump test was conducted along the
Arkansas River neat Great Bend (T.1%8s R.13Ws Sec.36). A Z@-inch
irrigation well (¥5' deep) apptroximately 200 feet from the south
bank of the Arkansas River and more than 20 observation wells were
installed for the stream-aquifer testing. DOn April 21, 1936 an B-day
pumping test was initiated with the pumping well discharging 1759 gpm.
In addition to water level monitoring in the numerous observation
wellsy streamfiow and geochemical measurements were also
conducted during the pump test period.

Analysis of streamflow measuraments indicate fthat Jduring fthe
pump test streamfliow in the Arkansas River decreased at a rate of
appraximately 1 cubic-foot per second(cfs)Sday as a result
of pumping. The averaygs
Arkansas River streamfiosw decreased from approximately & cfs on
April 213 before the pump tests to approximately Z cfs by April
=5y the fourth day of pumping. A streamfliow recovery was
obsarved after the pumping well was shut off on April 2%, as can
be seen in Fig. 18. It was alss nbserved that fthe groundwater
gradients Jjust bélow the streambed were reversed during the
pumping testi before the testings the stream was a gaining streams
that is it gained water from
the aquiferi during the test it became a Iosing streams that is» the .
the stream »r was feeding the agquifer» and loosing streamfiow.

When the pump was shut off. the stream again gainsd waber from

o e
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“tha aquifer. These

gradient reversals can be seen in Fig. 1ls whers the groundwater
gradients between two and thres fest below the streambed are
showns as measured by minipiezometers. Such data prove heyond
any doubt the stream-agquifer interrelationship. Data analysis
from this test is stil! continuings and a more detailed
comprehensive report on the stream-aquifer testing will be
presented separately when all data analysis is completad.
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-Blood and Deception Creek Drainage Basins and Associated Climatic Regions

Blood Creek Drainage Basin

[ 4

Deception Creek Drainage Basin

Thiessen Polygon Boundaries

A - Area controlled by Bison Climatic Station

B — Area controlled by Great Bend Climatic Station

0
1 1 ]

C - Area controlled by Claflin Climatic Station miles
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SOIL ASSOCIATIONS —- Cheyenne Bottoms Drainage Basin )
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ACRE FEET

Water received at Cheyenne Bottoms
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PRECIPITATION (INCHES)

GREAT BEND CLIMATE STATION
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WELLER'S DOWNSTREAM STATION

40 -
Flooding event
- \
10: 00~10: 45am Dlscharge
8 b
6
L.
4 |—
B [}
z 3
3 S
2t— 2 @
o a
5 g
o a
I l ! | \ | | | | | | { | | 1 | I | I
a2 23 24 &5 26 a7 28 29 30

DATES —— APRIL 1986

F.; w0



(rt)

Piezometer Level Bslaow HRaference

Piezometer Level vs.

Time

1.50 T T T T | T | | T T 1 | I T | T ]
gaining stream loosing stream gaining stream
1.25 |—
1.00 |—
- /
0.75 |~ LEGEND 2
g
— —-2' Piezometer o
£ o 3' Piezometer =
a =
E 8 E
[ @ Q.
0.50 | 1 L L L | I [ | | |
-5000 -4000 -3000 -2000 -1000 o 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000 11000 12000 413000 14000

Minutes Elapsed (since pumping started)

Fig. 1

o




