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INTRODUCTION

TheTillman Terrace Groundwater Basin
(Basin) encompasses about 290 square milesin
western Tillman County (Figure1). Groundwater
fromtheBasnisused extensvely for irrigation,
public water supply, agriculture, mining, stock, and
domestic purposes. Theprimary industry isagricul-
ture, which relieson groundwater fromtheBasinto
irrigate cotton, wheet, afafa, and peanuts.

Purpose and Objectives

In accordance with Oklahoma statutes, the
OklahomaWater Resources Board (OWRB)
made ahydrologic survey of the Tillman Terrace
Groundwater Basin. In December 1978, the
OWRB issued itsfirst Board order for thealloca-
tion of water rightsin Oklahoma, approving a
maximum annua yield proportioned at 1.0 acre-
foot per acrefrom the Basin. Oklahoma statutes
direct the OWRB to update the hydrol ogic sur-
veysat least every twenty yearsafter issuance of
thefinal order determining themaximum alowable
yield. The purpose of thisstudy isto update the
hydrologic survey.

Theobjectivesof thisupdateareto: (1)
summarizehydrologicinformation of theBasinfrom
existing reports; (2) evaluatedataand information
collected after 1978; and (3) determineif any
changesthat could have animpact onthealocation
of water rightshave occurred since 1978.

Background

By 1950, the Tillman Terrace aquifer was
heavily usedfor irrigationand municipa use. In
anticipation of increased demandsfor theground-
water, the U.S. Geologica Survey (USGS)in
cooperation with the Division of Water Resources
of the OklahomaP anning and Resources Board
(the predecessor of the OWRB), conducted a
study ontheaquifer (Barclay and Burton, 1953).
Thiscomprehensive study incorporated information
fromwater level measurements, boreholedescrip-
tions, aquifer pump tests, stream discharge mea-
surements, and precipitation data.

I rrigation devel opment increased during the
next 20 years, resulting in declining water levelsand
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Figure 1. Location of the Tillman Terrace Groundwater
Basin, southwestern Oklahoma.

problemswith encroaching salt water fromthe
rivers. In 1968, the OWRB declared Tillman
County to beacritical groundwater area. From
1970to 1975 the OWRB and USGS measured
water levelsannudly in 165welsintheTillman
Terraceaquifer (OWRB, 1976). In 1974, the
OWRB conducted ahydrologic survey of the
aguifer and concluded that if existing pumping rates
continued, theaquifer would bedepletedin 10-20
years(Wickersham, 1974).



Under acooperative agreement withthe
OWRB, Oklahoma State University constructed a
computer groundwater flow moddl of theaguifer to
determinethe maximumdlowableyidd (Al-Sumait,
1978). Themodel resultsare summarized by Kent
and Naney (1978).

PHYSICAL SETTING

Physiography and Drainage

Thestudy arealieswithinthe Osage Plains
physiographic province. Thesurfaceisgenerdly
flat with sand dunes occurring adjacent to therivers.
Theground surface d opeswestward toward the
North Fork of the Red River, southward toward the
Red River, and eastward toward the Permian
redbeds. Thealtitudesof theland surfacerange
from 1,396 feet in the center of the deposit, to
1,131 feet inthe southwest corner (Barclay and
Burton, 1953).

Thesoilsinthestudy areacons st primarily of

50

the Tipton-Hardeman-Grandfield association, which
iscomprised of loamy and sandy soils. Thesoils
occur on uplands, and are deep and well drained.
Nearly all of thesesoilsare cultivated (U.S. Depart-
ment of Agriculture, 1974).

Thestudy areaisdrained by the North Fork
of theRed River to thewest and the Red River to
the south. Otter Creek, aperennid stream, flows
from the Tom Steed Reservoir into the North Fork
of theRed River. Fiveunnamed intermittent
sreamsflow intothe Red River.

Theflow of the North Fork of the Red River
has been regul ated since 1943 by storage and
diversonat LakeAltus. Theriver’'saveragerate of
flow past the gauging station near Tipton during the
years 1984-1998 was 700 cubic feet per second
(cfs) (Blazsand others, 1998). Theriver flows
southwith agradient of about 5.5 feet per mile
acrossthe study area(Cannon, 1967). Theflow of
Otter Creek hasbeen regulated since 1975 by Tom
Steed Reservoir. Thecreek’saveragerate of flow
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Figure 2. Annual precipitation measured at the Frederick gage from 1907 to 1999. Data from U.S. Department of
Commerce, National Climatic Data Center and the Oklahoma Climatological Survey.



near Mountain Park during theyears 1976-1998
was 14.2 cfs(Blazsand others, 1998).

Land Use and Population

Land useinthestudy areaispredominantly
cropland and pasture. Primary cropsare cotton,
wheat, afafa, and peanuts. Some mixed rangeland
occursaong the Red River and north of Otter
Creek (U.S. Geological Survey, 1990).

Thestudy areaissparsely populated. Tipton
and Davidson arethe only incorporated towns, with
2000 populationsof 916 and 375, respectively.
Frederick, whichliesjust east of the study area, had
a2000 population of 4,637. The population of
Tillman County declined 16 percent from 1980-90,
and was estimated to declinean additional 7
percent from 1990-97 (U.S. Census Bureau,
1998). According to censusdata, the popul ation of
Tipton and Frederick declined about 24 percent
between 1970 and 1998.

Climate

Theareahasadry, subhumid climate
characterized by long, hot summersand generaly
mild winters. The mean annual temperaturefor
Tillman County is61.8°F. Onaverage, the
temperature exceeds 100° F more than 30 days,
and isbelow 32°F between 70 and 79 days
(OklahomaClimatologicd Survey, 1997). The
average annual lake evaporation for theregionis
65 inches, and the average annual classA pan
evaporation is 94 inches (OWRB, 1967).

Most precipitation occursin the spring and
summer astorrential rainsof short duration. The
mean annual precipitation (1961-1990) for
Tillman County is28.7 inches. Thehighest
monthly normal precipitationisinMay (4.4
inches) and thelowest isin January (1.0 inches)
(OklahomaClimatological Survey, 1997).

Figure 2 showsannua precipitation at
Frederick from 1907 to 1999. Annud precipitation
variedfrom 14.4inchesin 1910t0 44.85inchesin
1985, and averaged 27.6 inches. The 1910s,
1930s, 1950s, and 1960swere characterized by
lower than average preci pitation, whilethe 1980s
and 1990swere higher than average. Theaverage
precipitation from 1981 to 1999 was 31.4 inches.

GEOLOGY

Most of thestudy areaoverliestheHollis
structural basin. TheHollisbasndevelopedin
Early Pennsylvaniantimewith uplift of theWichita
block to the north and the Red River block to the
south (Johnson, 1990). Along the northern edge of
Tillman County, theaquifer overliestheWichita
uplift, where Quaternary sedimentsand Permian
rockstruncate against Cambrian granitesand
gabbrosof theWichitaGroup (Havens, 1977).

Figure 3 showsthesurficial geology of the
study area (from Havens, 1977 and Cederstrand,
1996). Except for afew small areas, theBasinis
covered with Quaternary-age sediments. Two
small hillsof WichitaGranite are present along
the northern boundary of Tillman County, and
Permian age rocks crop out in asmall area south
of Otter Creek.

Permian-age redbeds of the Garber Sand-
stone and the Hennessey Group underliethe
Quaternary sediments. The Garber Sandstone
cong gtsof reddish-brown, fine-grained sandstone
and mudstone conglomerate, ranging in thickness
from 160to 210feet. The Hennessey Group
consistsof reddish-brownto gray shaewith some
sandstones, 130 to 200 feet thick (Havens, 1977).
Rocksinthe Garber Sandstone and Hennessey
Groupyield smal amountsof usablewater. The
redbedsunderlying the Tillman Terrace Groundwa-
ter Basnarein the Hennessey-Garber Groundwar
ter Basin, aminor basin delineated by the OWRB
(Belden and others, 1996).

The surface of theredbedsisuneven dueto
eroson. Figure4, modifiedfromBarclay and
Burton (1953), isamap showing theatitude of the
top of theredbed surface. Thealtitude of the
redbed surface rangesfrom greater than 1,350 feet
inthe northeast portion of theBasinto 1,100 feet
along the Red River. The contoursindicateamajor
valley east of the present North Fork of the Red
River, which representsthe old drainage system of
theriver (Barclay and Burton, 1953).

Unconsolidated sedimentsof Quaternary age
rest unconformably on the eroded surface of the
Permian redbeds. The Quaternary sediments
pinch out to the east against Permian redbedsin
anorth-south trending contact that passesjust
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Figure 3. Surficial geology of the study area (modified from Havens, 1977 and Cederstrand, 1996)
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west of Frederick. The sediments extend north-
ward into Kiowa County wherethey truncate
against Cambrian granitesand gabbros. The
Quaternary sediments consist of terrace deposits,
aluvium, and dune sand.
Terracedepositsoverliemost of theBasin.
Thethicknessof theterrace depositsvaries, but
averagesabout 42 feet (Barclay and Burton, 1953).
Low and intermediateterrace depositswerelaid

down by the ancestral Red River and North Fork
of theRed River. Low terrace depositsrest upon
Permian bedrock and are composed of small
gravels, sand, siit, and clay (Cannon, 1967).
Intermedi ateterrace deposits are composed of
light-red and reddish-brown sandsand gravels.
Thegravelsare composed predominantly of quartz
pebbleswith someshale. Thedepositscontain
arkosic material derived from theigneousrock of
theWichitaMountains. Theintermediateterrace
material changesin character south of Manitou
whereitispart of aterrace associated with the Red
River (Cannon, 1967). Lithology descriptionsof
water wellsand test holesindicatethat layers of
calicheasmuch asonefoot thick are encountered
throughout theterrace deposits (Barclay and
Burton, 1953).

Recent dluvium depositsaredistributed dong
theriversand Otter Creek. Thealluviumconsists
of stream-laid, dark-gray to red sand and silt, clay,
and gravel, andiscomposed of eroded bedrock
and terracematerial (Cannon, 1967; Barclay and
Burton, 1953). Thicknessof thealuviumranges
from 27to 47 feet, and averages 34 feet. Most of
the saturated portion consistsof gravel and very
coarse sand, whichishighly permeable (Barclay
and Burton, 1953).

Dune sands occur in anarrow strip along
the north side of the Red River and along the east
side of the North Fork of the Red River. The
dune sandsin the Basin rangein thicknessfrom
15to0 69 feet, and average 46 feet (Barclay and
Burton, 1953).

GROUNDWATER

TheQuaternary alluvium and terrace deposits
arehydrologicaly connected and comprisethe
Tillman Terraceaquifer. Overlying dunesands
occur abovethewater table and are not asource of
groundwater. Althoughtheunderlying Permian
redbedsyield small amountsof water, vertical and
lateral flow between theredbedsand terrace
depositsisprobably small becausethehydraulic
conductivity of theredbedsismuch smaler thanthe
terrace deposits.



Basin Boundaries

The OWRB definesagroundwater basinasa
distinct underground body of water overlain by
contiguousland and having substantidly thesame
geologica and hydrological characteristics. The
OWRB classfiesthe Tillman Terrace Groundwater
Basin asamajor basin becausethe average
basnwideyiddfromwedlsinthedluviumand
terrace aquifer isgreater than 150 gallons per
minute(gpm).

TheTillman Terrace Groundwater Basin
cong stsof the Quaternary aluvium andterrace
depositsinwestern Tillman County. Thetotal land
areaoverlying the Basinisabout 186,000 acres, or
290 sguaremiles. TheBasinisbounded onthe
south by the Red River, onthewest by the North
Fork of the Red River, onthe north by Kiowa
County, and on the east by the outcrop of Permian
redbeds.

The base of the Basin isdefined by thetop of
theunderlying Permian redbeds (Figure4), easily
identified onwell drillers logs. BecausetheTillman
Terrace aquifer isunconfined, the upper surface of
theBasinisthewater table. Thewater table
surface changesover timeinresponseto climatic
conditions, land use, and groundwater withdrawals.

Discharge

Groundwater dischargeinto riversand streams
isthe principal meansof dischargefromtheBasin.
Groundwater inthe northern portion of theBasin
dischargesinto Otter Creek, whichisaperennial
streaminthelower six milesof itscourse. Base
flow measurementstaken by the USGSin Novem-
ber 1945, February 1953, and April 1953 indicate
the creek gained 1,416,000 gallons per day (gpd),
487,000 gpd, and 554,000 gpd, respectively, from
Basindischarge (Barclay and Burton, 1953).

Whenthewater tableishigher thantheriver
stage, groundwater dischargesto the North Fork of
the Red River, making theriver againing stream.
However, when thewater tableislower thanthe
river stage, water fromtheriver contributestothe
agquifer, making theriver alosing stream. Base-flow
measurements collected in November 1945 and
February 1953 showed adecreaseinflow along
the North Fork, indicating alosing stream, while

measurementscollected inApril 1953 showed an
increaseinflow, indicatingagaining stream. Base-
flow measurementsaong the Red River showed an
increasein flow during each of thethree measure-
ment periods, indicating againing stream (Barclay
and Burton, 1953).

Groundwater also dischargesto springsand
seepsaong theterrace-redbed contact at the
eastern margin of theBasin. Somegroundwater
may al so dischargeto the Permian redbedsaong
thisboundary. However, thevolumeof flowis
probably small duetothereatively smal hydraulic
conductivity of theredbeds ascomparedtothe
terrace deposits.

Somegroundwater dischargesasevapotrans-
piration. Evaporationfromthe zoneof saturation
occurswherethewater tableiswithin afew feet of
theland surface. Saline seepsoccur near the
Tillman-KiowaCounty line(USDA, 1974), sug-
gesting evaporation of groundwater. Transpiration
occursalong mgjor streams, wherethewater table
isnear theland surface, and phreatophytes (such as
cottonwood and willow) grow.

Discharge by subsurface outflow occursat the
southeastern boundary of the Basin along the Red
River, wherethealuvium and terrace deposits
extend beyond thelimitsof the Tillman Terrace
Groundwater Basnintothealuvium andterrace
depositsof the Red River. Theamount of ground-
water discharging from the Basin by subsurface
outflow issmall because of the small cross-sectiona
areathrough whichtheflow occurs.

Recharge

Theprimary sourceof rechargetotheBasinis
infiltration of precipitation. Factorswhichinfluence
how much precipitationwill infiltrateto thewater
tableincludethe permesbility of the soil and sedi-
mentsabovethewater table, the opportunitiesfor
theraintoleavethe areaby runoff or evapotranspi-
ration beforeit can reach the water table, and the
amount and digtribution of rainfal. Althoughthe
sandy soil of theareafavorsahighrateof infiltra-
tion, discontinuouslayersof clay and calichethat
are present abovethewater table can dow therate
of infiltration (Barclay and Burton, 1953). Al-
Sumait (1978) determined from the groundwater



flow model that the averagerechargeratefor the
Basinwas 2.87 inchesper year, or about 12
percent of themean annual precipitation.

Another source of rechargeisfrominfiltration
of streams. Asnoted above, surfacewater from
the North Fork of the Red River contributesto the
aquifer when thewater tableislower thantheriver
stage. Somewater isalso recharged by subsur-
faceinflow. Thisoccurs at the upstream boundary
of theBasin along the Tillman-Kiowa County line,
from aluvium and terrace depositsthat extend
north of theBasin.

Groundwater Flow and Water Level
Fluctuations

A map of thewater table surface of theaquifer
during 1969isshownin Figure5 (modified fromAl
Sumait, 1978 and Becker and others, 1997).
Groundwater flows perpendicular towater level
contours, fromhightolow elevations. A groundwa-
ter divide occursabout fivemileseast of Tipton
fromwhich groundwater flowswest toward the
North Fork of the Red River, south toward the Red
River, and northtoward Otter Creek. Thehydrau-
lic gradient rangesfrom 0.001 to 0.005, with an
averageof 0.003. Thedepthtowater intheBasin
rangesfrom about 5to 45 feet.

Water levelsintheaquifer fluctuateinre-
sponseto rechargefrom preci pitation and discharge
fromwell pumping. Figure6isahydrographof a
well located about 4 miles south of Tipton, showing
water-level measurementscollected annually during
winter monthsfrom 1945to 2001. Thewater level
inthewell declined 11 feet from 1963t0 1972in
responseto lower than average precipitation and
increased irrigation. Thewater level thenrose24
feet from 197210 1993 in responseto higher than
averageprecipitation and lessirrigation.

Similar increasesinwater levelshavebeen
observed in both bedrock and dlluviumandterrace
depositsacrossthe state. Over thelast 20 years,
most of the state’ saquifersexhibited rising water
levels(Belden, 1999). One notable exceptionis
the Ogallalaaguifer inthepanhandle, whichis
being depleted from pumping at agreater ratethan
itisreplenished from precipitation (Belden, 1999;
Luckey and others, 2000).

Altitude of water table
in feet above sea level
Contour interval: 10 feet

A

Figure 5. Altitude of 1969 water table surface of the
Tillman Terrace Groundwater Basin (modified from Al
Sumait, 1978 and Becker and others, 1997).

Heavy irrigation pumping can havealong-term
impact onthe aquifer. Between 1953 and 1974
water levelsin high pumping areasdeclined asmuch
as20feet, whilewater levelsroseasmuch as 10
feetinareasof littleor no pumping (Wickersham,
1974). However, water level srecovered between
1974 and 1993, when precipitation was higher than
average. Water levelsmeasuredin 17 wellsduring
thewintersof 1974 and 1993 (onfileat the
OWRB) indicatethat water levelsrose asmuch as
20feet (Figure7). Thegreatest increases oc-
curredin heavily irrigated aress.

Quarterly water-level measurementscol-
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Figure 6. Hydrograph of a well located south of Tipton
(25-1S19W1), showing annual water-level measurements
from 1945 to 2001.

lected by the OWRB from September 1989 to
September 1990 indicate avariety of seasonal
water level responsesintheaguifer. Hydrographs
of representativewellsare shown in Figure8 along
with agraph of the monthly precipitation measured
at the Frederick gagefor the same period of time.
Precipitation was highest in September 1989 and
between February and August 1990, and most
irrigation pumping occurred from Junethrough
September. Water levelsincreased asmuch as6
feet in upgradient areas, in responseto recharge
from precipitation. Changesinwater level were
smaller (Ilessthan 2 feet) in downgradient aress.

Aquifer Characteristics

Saturated thickness of the Basin ranges
fromlessthan 10 feet to greater than 40 feet.
The average saturated thicknessin 1952 was
estimated to be 23 feet (Barclay and Burton,
1953), and the average saturated thicknessin
1974 was estimated to be 16 feet (Wickersham,
1974). Thereisinsufficient water level coverage
to determine an accurate 2000 saturated thick-
ness. Water level elevationsderived from mea-
surements collected in 2000 are similar to eleva-
tions on the water table map (Barclay and
Burton, 1953) representing early 1950'seleva-
tions. Itistherefore reasonableto assumethat
the 2000 saturated thickness approximatesthe
1952 saturated thickness of 23 feet.

Barclay and Burton (1953) estimated the
averagetransmissivity for the Basinto be 2,680
ft?/day, based on seven aguifer tests. Assuming an

average saturated thickness of 23 feet, the average
hydraulic conductivity is117 ft/day. Usingagrain
szedistribution-coefficient of permeability enve-
lope method devel oped by Kent and others
(1973), Al-Sumait (1978) estimated hydraulic
conductivity ranged from 20to 300 ft/day. The
averagetransmissivity was estimated to be about
1,750 ft?*/day.

A specificyield of 0.10 was estimated by
Barclay and Burton (1953) to be representative of
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Figure7. Increase in water-level from 1974 to 1993 in
measured wells.
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gpm. Onaverage, irrigationwells
yield 400 gpm.
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Figure 8. Hydrographs of representative wells showing seasonal groundwa-
ter fluctuations from September 1989 to September 1990 and graph showing

monthly precipitation measured at the Frederick gage.

the upper part of the terrace deposits, and a
specificyield of 0.15to berepresentativefor the
entire saturated thickness. Al-Sumait (1978)
estimated specificyield to rangefrom 0.245to
0.32, and to average 0.30.

Using theresultsfrom the calibrated ground-
water flow model, Al-Sumait (1978) calcul ated
the 1973 storage of the Basin to be 1,047,000
acre-feet. The 2000 Basin storageisestimated to
be about 1,283,000 acre-feet assuming an area of
186,000 acres, an average saturated thickness of
23feet, and an average specific yield of 0.30.

GROUNDWATER PRODUCTION
Wells

Figure 9 showslocationsof irrigation, do-
mestic, and public water supply wellswith drillers

T
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withdrawn primarily for irrigation
(97 percent in 1999), while minor
amountsarewithdrawnfor public
water supply, agriculture (such as
dairies), mining, stock, and domes-
tic purposes. Thetownsof Tipton, Davidson, and
Manitou rely at least partially on groundwater for
their water supply.

Under Oklahomagroundwater law, the
OWRB dlocateswithdrawalsfor al beneficial uses
except for stock and domestic. Asof February
2001, the OWRB had issued more than 390
groundwater permitsinthe Basin totaling about
45,000 acre-feet per year. Ninety-four percent of
theallocated amount isfor irrigation, and 5 percent
isfor public water supply. About 300 of the
permitsare prior groundwater rights, which were
established before July 1, 1973. Prior groundwater
rightstotal about 30,000 acre-feet, whichisabout
67 percent of thetotal alocated amount.

The OWRB requires permitted water usersto
report their annua water use. Reported water use
for theyears 1967 to 1999 isdisplayedin Figure 10.
Highest reported water usewas 17,869 acre-feet in

T
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Figure 9. Location of reported public water supply,
irrigation, and domestic wells in the Tillman Terrace
Groundwater Basin.

M Domestic Wells

1969, and the lowest was 4,864 acre-feet in 1995.
AscanbeseeninFigure 10, reported water use
hasdeclined since 1980. Thismay beattributed to
severd reasonsincludingincreasein precipitation,
decreasein usefor public water supply, increasein
irrigation efficiency, methodol ogy of estimating
irrigated water use, changesinirrigated crops, and
allocation of water rights.

Irrigated water useisinfluenced by water
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consumption required by thecrop, precipitation
during the growing season that isavailablefor use
by the crop, soil moisture, and temperature. An
evaluation of thesefactorswas beyond the scope of
thisstudy. However, asdiscussed in the sectionon
climate, annual precipitation hasbeen above
averagesince 1985. Higher precipitationresultsin
increased rechargeto the aquifer and decreased
irrigation pumping.

Because of high concentrationsof nitratein
thegroundwater, municipditiesarewithdrawing
moreof their water from surface water than from
groundwater. In 1975, Frederick switched to
LakeFrederick for its primary water supply. By
2000, the city had compl etely discontinued use of
its26 wells.

Irrigation efficiency hasincreased since 1980.
When fud costsincreased after 1978, many flood
irrigation systemswere converted to center pivot
systemsand other typesof sprinkler systems.
Center pivotsare more efficient than flood or other
typesof sprinkler systemsbecausethey reduce
both runoff and deep percolation. Figure 11 shows
the percent of irrigation type by water use permit
for selected years between 1980 and 1999. The
percent of irrigation water use permitsusing flood
irrigation decreased from 62 percent in 1980to 37
percent in 1999, whilethe percent using center
pivotsincreased from 8to 57 percent.

The methodol ogy used by the OWRB to
estimate irrigated water use by crop changedin
1980. Prior to 1980, the OWRB used an
algorithm to estimate water use using the number
of acresirrigated and number of times applied for
each crop type. After 1980, the OWRB cal cu-
lated the amount used by multiplying the number
of acres by the number of times applied by the
amount per application. The changein methodol-
ogy might account for at |east some of the de-
creasein reported water use after 1980.

Landisirrigated primarily for cotton, afalfa,
whest, and pasture. Sincethe 1980s, land hasalso
beenirrigated for peanuts. Other irrigated crops
includegrain, sorghum, oats, and barley. The
percent groundwater used for irrigation by cropfor



20,000 —

15,000 —

10,000 —

Water Use (acre feet)

O —
1965 1970 1975

I Public Water Supply
[ Irrigation

1980 1985 1990 1995 2000
Year

Figure 10. Reported groundwater use from the Tillman Terrace Groundwater Basin for the years 1967 to 1999.

selected yearsisshownin Figure 12. Some

changesinwater use occurred from 1970 to 1999.

Water usefor sorghum decreased from 21 to one
percent; water usefor wheat increased from 7 to
16 percent; and usefor peanutsincreased from
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Figure 11. Percent of irrigation type, by water use permit,
for selected years between 1980 and 1999.

zeroto 14 percent. Water usefor irrigation of
cotton and dfdfawasvariable.

Another changethat occurred wasthe
allocation of water rights. With the establishment
of Oklahomagroundwater law on July 1, 1973,
prior rightswere allocated to existing water users.
Water userswho applied for apermit after that
date wereissued atemporary permit, witha
maximum all ocation statutorily set at 2 acre-feet
per acre per year. Temporary permitswere
changed to regular permitsafter December 1978,
when the OWRB issued aBoard order allocating
an equal proportionate share of 1.0 acre-foot per
acreper year. Thisallocation appliestoall
groundwater permits other than prior rights.

Projected Groundwater Demand and
Supply for 2000-2020

Thepopulation of Tipton, Davidson, and
Frederick isprojected to increase about 8 percent
between 2000 and 2020, with most of the growth
inFrederick (U.S. CensusBureau, 1998). A dight
increasein population may resultin moredomestic
wells, but should not have asignificant impact on
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Figure 12. Percent groundwater used for irrigation by crop for selected years between 1970 and 1999.

water withdrawals. Peoplelivinginthecitiesrely
predominantly on public water supply. Frederick
obtainsall of itswater supply from surfacewater,
and Tipton and Davidson supplement their supplies
from surfacewater.

Theland overlying the Basin hasbeen devel-
oped asmuch aspossiblefor crops. Theremay be
atrend toward other typesof agriculturesuch as
dairiesor swine operations. However, water use
would probably remain the same or decrease,
because such operations use lesswater than
irrigation.

Demand for groundwater would probably
increasefrom current level sif the study areaexperi-
encesaperiod of below average precipitation or
prolonged drought conditionsduring thegrowing
season. However, itisunlikely that withdrawal swill
ever beasgreat asthey werein 1971, because
irrigation efficiency hasimproved sincethen.

WATER QUALITY

Stream Water

Watersof the Red River and the North Fork
of theRed River aresaline, with high concentrations
of chloride, sulfate, and dissolved solids. The
primary source of salinewater isthedissolution of
halite (sodium chloride) and gypsum (calcium
sulfate) inthe Permian geologic units. Natura brine

springsdischargeto the EIm Fork River, atributary
to the North Fork of the Red River, and to the Red
River upstream fromtheTillman Terrace aquifer.

Groundwater

As part of a statewide monitoring pro-
gram, the OWRB collected 35 groundwater
samplesfrom 12 wellsinthe Tillman Terrace
aquifer between 1984 and 1992. Well loca-
tions and general water type are shownin
Figure 13. Table 1 liststhe concentrations of
chemical constituentsfor representative
samples and the summary statistics.

Concentrations of total dissolved solids
(TDS) were generally high, withamedian TDS
concentration of 787.5 mg/L. Eight of the12
samples had TDS concentrations exceeding the
secondary maximum contaminant level
(SMCL) of 500 mg/L. Major cationsare
sodium, calcium, and magnesium, and major
anions are chloride and sulfate. Chloride and
sulfate concentrations were generally below the
SMCL of 250 mg/L, but exceeded the SMCLs
intwo samples.

Asillustrated in Figure 13, water changed
from amixed bicarbonate typein the eastern
portion of the aquifer to a sodium-chloride
typeinthe western portion. Sodium chloride
and sulfate waters within the terrace deposits



weremost likely from recharge fromriver
water or from upward leakage from underlying
Permian geologic units. The samplefrom well
9-0320, located half amilefrom the North
Fork of the Red River, isasodium chloride
type. The owner of thewell, whichislocated
near largeirrigation wells, reported that the
water quality had progressively become more
salineover theyears. Itislikely that irrigation
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Figure 13. Location of 12 wells completed in the Tillman
Terrace Groundwater Basin that were sampled between
1984 and 1992 and general water type of samples.
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pumping hasinduced infiltration of theriver
water into the aquifer.

Nitrate was detected in all but one
sample. The median concentration was 10.35,
which exceeds the maximum contaminant level
(MCL) of 10 mg/L. Probable sources of
nitrate include chemical fertilizer, animal ma-
nure, and septic tanks.

Groundwater inthe Basinisclassified as
highly vulnerabl e to contamination from surface
sources. The aquifer’shigh porosity, perme-
ability, and shallow water table, along with the
permeable soil and low slope of the land
surface make it particularly susceptibleto
pollution (Osborn and Hardy, 1999).

SUMMARY

TheTillman Terrace Groundwater Basin
cong stsof the Quaternary aluvium andterrace
depositsinwestern Tillman County. Thetotal land
areaoverlying the Basinisabout 186,000 acres, or
290 squaremiles. Groundwater fromtheBasinis
used extensively for irrigation, public water supply,
agriculture, mining, stock, and domestic purposes.
TheBasinistheprimary sourceof irrigation water
for cotton, whest, dfafa, and peanuts.

Groundwater dischargesfromthe Basininto
riversand streams. When thewater tableishigher
than theriver stage, groundwater dischargesto the
North Fork of the Red River, making theriver a
gaining stream. However, whenthewater tableis
lower thantheriver stage, water fromtheriver
contributesto theaquifer, making theriver alosing
stream. Theprimary sourceof rechargetothe
Baginisinfiltration of precipitation. Theaverage
rechargeratefor the Basinisestimated to be 2.87
inchesper year, or about 12 percent of the mean
annua precipitation.

Groundwater flowswest toward the North
Fork of the Red River, south toward the Red River,
and north toward Otter Creek. Thehydraulic
gradient rangesfrom 0.001 to 0.005, withan
averageof 0.003. Thedepthtowater intheBasin
rangesfrom about 5feet to 45 feet. Water levelsin
theaquifer fluctuatein responseto rechargefrom



Table 1. Concentrations (mg/L) of chemical constituents for representative groundwater samples collected in the

Tillman Terrace Groundwater Basin.

Site ID Date Hardness Alkalinity TDS Calcium Magnes- Sodium Chloride Sulfate Nitrate Iron Fluoride
ium as N

09-0268  06/21/85 626 500 2286 95 80 616 565 391 122 <0.1 1.21
09-0281 07/10/84 396 405 1063 86 45 227 185 165 22 <01 1.36
09-0290  07/10/84 239 364 1060 52 30 320 245 181 112 0412 1.78
09-0299  06/21/85 447 184 1031 101 42 225 228 238 52 <0.1 0.56
09-0318  07/10/84 261 200 389 80 14 29 17 27 13.8 <0.1 0.38
09-0320 06/21/85 991 72 4104 240 90 1103 1536 685 <05 0.19 0.65
09-3013  06/21/85 428 257 831 92 43 150 145 102 18.7 <0.1 1.26
09-3014  06/20/85 350 257 744 84 29 146 105 123 8.1 <0.1 1.11
09-3018  07/24/91 256 298 491 58 11 80 41 74 9.5 0.051 0.79
09-3029  07/24/91 382 345 592 76 35 70 64 77 117 0372 0.51
09-3030  07/24/91 303 236 396 75 16 20 23 75 9.5 0104 042
10-0315  07/10/84 318 257 471 61 42 48 52 41 9.2 <0.1 0.74
Minimum 239 72 389 52 11 20 17 27 <05 <0.1 0.38
Median 366 257 787.5 82 38.5 148 125 1125 1035 <0.1 0.765
Maximum 991 500 4104 240 90 1103 1536 685 22 0.372 1.78

precipitation and discharge from well pumping.
Water levelsin the Basin declined asmuch as
20 feet from 1953 to 1974, and then increased
asmuch as 20 feet from 1974t0 1993 in
response to higher than average precipitation
and lessirrigation.

Saturated thickness of the Basin ranges
fromlessthan 10 feet to greater than 40 feet.
The average saturated thicknessin 2000is
estimated to be closer to the 1952 saturated
thickness (23 feet) than to the 1974 saturated
thickness of 16 feet, because water level eleva-
tions measured in 2000 are similar to those
measured intheearly 1950s. Previousinvestiga-
tors conducted aquifer teststo estimate an
averagetransmissivity of 2,680 ft?/day. Hydrau-
lic conductivity was estimated to range from 20
to 300 ft/day, and specific yield was estimated to
average 0.30. TheBasinstoragein2000is
estimated to be about 1,283,000 acre-feet.
Wherethe permeability of the depositsisrela-
tively high and the saturated thicknessisgreat,
irrigation wellsyield more than 500 gpm, and
someyield morethan 1,000 gpm. On average,
irrigation wellsyield 400 gpm.

Groundwater from the Basiniswithdrawn
primarily for irrigation (97 percent in 1999) while
minor amountsarewithdrawn for public water
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supply, agriculture (such asdairies), mining, stock,
and domestic purposes. In February 2001, about
45,000 acre-feet of groundwater per year were
allocated to permitted water users. Ninety-four
percent of the allocated amount wasfor irrigation
and 5 percent wasfor public water supply. Prior
groundwater rights established before July 1, 1973
total about 30,000 acre-feet, or about 67 percent
of thetotal allocated amount. Water withdrawals
were highest (17,457 acre-feet) in 1971 and the
lowest (4,864 acre-feet) in 1995.

Groundwater sampleswere collected from 12
wellsinthe Basin between 1984 and 1992. TDS
concentrationsweregenerdly high. Themedian
TDS concentration was 787.5 mg/L, and eight of
the 12 sampleshad TDS concentrationsexceeding
the SMCL of 500 mg/L. Chlorideand sulfate
concentrationsweregeneraly below the SMCL of
250 mg/L, but exceeded the SMCLsintwo
samples. Water changed from abicarbonatetype
inthe eastern portion of the aquifer to asodium-
chloridetypeinthewestern portion. Sodium
chlorideand sulfatewaterswithintheterrace
depositsweremost likely from rechargefromriver
water or from upward leakage from underlying
Permian geologic units. Nitratewasdetected inall
but one sample. The median concentrationwas
10.35, which exceedsthe MCL of 10 mg/L.



Probable sourcesof nitrateincludechemical
fertilizer, anima manure, and septictanks.

Pollution from natural sources could occur
along the western and southern boundaries of the
Basin, where saline watersfrom the North Fork of
the Red River and the Red River could recharge
theaquifer. Pumping from wellslocated near the
riverscould further induce encroachment of saline
water. Groundwater intheBasinisclassified as
highly vulnerableto contamination from surface
sources. Theaguifer’shigh porosity, permeability,
and shallow water table, a ong with the permeable
soil and low slope of theland surface makeit
particularly susceptibleto pollution.

Several changeshave occurred between
1974, when the OWRB conducted the hydrologic
survey of the Basin, and thetime of thisupdate.
These are summarized bel ow:

1. InDecember 1978, the OWRB issued a
Board order allocating an equal proportionate
share of 1.0 acre-foot per acre per year,
which appliesto al groundwater permitsother
than prior rights.

Theaverage annual precipitation hasin-
creased. Theaverageannual precipitation at
Frederick from 1981 to 1999 was 31.4
inches, whichis3.8inchesabovethehistoric
annual averageof 27.6inches.

Between 1974 and 1993, groundwater levels
inthe Basin rose asmuch as 20 feet.

Water withdrawal s have declined since 1980.
Irrigation efficiency hasincreased since 1980.
Themoreefficient centra pivot systemshave
increased whilelessefficient floodirrigation
has decreased.

Some changesin cropirrigation have oc-
curred. Water usefor sorghum decreased
whilewater usefor wheat and peanutsin-
creased.

L ake Frederick was completed in 1974, and
Tom Steed Reservoir was completed in 1975.
Although thereservoirsarenot located within
the Basin, they have provided water to
municipaitiesthat previoudy relied on

o &
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groundwater. Tom Steed Reservoir also
affectstheflow of Otter Creek.

Because of high nitratelevelsin groundwater,
municipalitiesarewithdrawing moreof their
water from surface water than from ground-
water. 1n 1975, Frederick switchedits
primary water supply fromwellsto Lake
Frederick.

The population of the study area has de-
clined. The population of Tipton and
Frederick declined about 24 percent be-
tween 1970 and 1998.

Themost significant changeto theBasin has
beenthechangeinwater levels. In 1974, water
levelswerehistorically low. Thehydrologic survey
concluded that if existing pumping rates continued
the aquifer would be depleted in 10-20 years.
Fortunately, thisdid not occur. Sincethetime of
thesurvey, water levelsinthe aquifer haverisenas
much as 20 feet to historically highlevelsin 1993.

Risngwater levelsintheTillman Terrace
Groundwater Basinindicatethe aquifer isbeing
replenished from precipitation at agreater rate
thanitisbeing depleted from pumping. Thisis
primarily dueto higher than average precipitation
over thelast 20 years. Higher precipitation has
increased therechargeto the aquifer and de-
creased the need for irrigation pumping. Other
factorsthat may have contributed to lower pump-
ingincludeanincreaseinirrigation efficiency, a
changeto cropsthat requirelessirrigation, de-
creased withdrawalsfor public water supply, and
allocation of water rights.

Demand for groundwater isnot expected to
increaseintheforeseeablefuture. A dight increase
in population may result in moredomesticwells,
but should not have asignificant impact on water
withdrawals. Demand for groundwater would
probably increasefrom current levelsif theBasin
experiencesaperiod of below average precipita-
tion or prolonged drought conditionsduring the
growing season. However, itisunlikely that
withdrawalswill ever beasgreat asthey werein
1971, becauseirrigation efficiency hasimproved
sincethen.
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