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PREFACE
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MISSOURI STATE WATER PLAN
TECHNICAL VOLUME SERIES

1be Missouri Depanment of Narural Re
sources Slate Water Plan Techn.ica1 Volume
Series is part of a comprehensive state water
resource plan. This ponion is designed (0

provide basic scientific and background infor
mation on the water resources of the Slale. The
infonnation in these technical volumes will
prOVidea flrm foundation for addressing present
and future water resource needs and issues.
Each volume in the series deals with a specific
water resource component.

tion. Aquifer storage estimates are given for
each aquifer and county. The report also
reviews the different types of \vater~supply

wells in use and how water well construction
techniques vary berween areas and aquifers.

Volumern
Missouri Water Quality Assessment

focuses on the current quality ofMissouri surface
water and ground-water. The volume looks at
chemical, bacteriological and radiological water
quality, and natural and man-induced water·
qwliIy changes.

Volume]
The Su.rface Water Resources of

Missouri contains a basin-by-basin assess-
ment of Missouri's surface water resources. II
discusses the effeclS of climate, geology and
other factors on !.he hydrologic characteristics
of major lakes, streams and rivets. It also
assesses surface-water availability and devel·
opment in the Slate.

Volume n
The Groundwater Resources of

Missouri presents infonnation on me avail
ability and naNca! quality of groundwater
throughout lhe state. Il focuses on Missouri's
seven groundwater provinces and includes
lheir geology, hydrogeology, areal eXtent, gen
eral waterqua!iry, and potential forcontamina-

Volume IV
TIle Water Use of Missouri describes

how Missouri is presently using its surface·
water and groundwater resources. The report
covers private and public water supplies, in
dustrial and agricultural water uses, and water
use for electrical power production, naviga·
tion, recreation, fISh and wildlife.

Volume V
HydrologiC Extremes in Missouri'

Flooding and Drought provides basic infor
mation about flooding and drought specific [0
Missouri. A h.istoricaJ perspective is given, as
well as information mat can be used in planning
for hydrologic extremes. Il also describes con·
cepts and defl1les terminology helpful in un
derstanding flood and drOUghl

ix



Volume VI
Water Reso"rce Sbarlng . Tbe Real

tttes ofInterstate Rivers presents.Missouri's
views concerning interstale rivers. Because of
its location, Missouri can be greatly affecled by
activities and water policy in the upper basin
states of the Missouri and Mississippi river
basins. Missouri policy can also affect down·
stream SLales on the Mississippi, Arkansas and
While rivers. Many serious issues affecting

x

these rivers have less (0 do witlI their physical
characteristics than with political, economic
and socia] lrends.

VolumeVU
Missouri Water Law provides an over

view of the laws thaI affect the protection and
use of Missouri's water resources. It supplies
reference information about existing doctrines,
Slatues and case law.



Exectdive Summary

EXECUI1VE SUMMARY

... -... _S'tl .... --
Missouri depends greatly on iLS surface

water resources for drinking, agriculrural, com
merdal and industrial watersupply, river tranS

portation, ft.sh and wildlife habitat, elecltical
generation, recreation, and many adler uses.
Current estimates indicate thaI surface water
supplies nearly 90 percent of the tolal off
stream water use, which is about 2.3 ltiJIion
gallons per year.

During a normal precipitation year, ap
proximately 12 ltillion gallons of water are
supplied to Missouri by runoff from precipita
tion within the state. Rainfall statewide aver
ages aboUI 38 inches, with about 10 inches
becoming surface-water runoff or groundwater
recharge. Ule remaining 28 inches are returned
to the abllOSphere by evaporation or planl use.

Runoff from upstream stales increases
the amount of surface water that is avaUable.
Water entering Missouri from the upper Mis
Sissippi and Missouri rivers combined averag
es about 37 trillion gallons per year. MOSl of
this surface water passes Lh.rough Lhe state in
a few days. Thus, during extended droughts,
considerably less surface water is available to
meet Missouri's needs.

The Missouri River drains more tllan 52
percent of the stale, an area of about 36,537
square roUes. The state provides only about
6.9 percent of the total drainage area of the
Missouri River basin, but contributes a much
higher percentage of me river's flow. Based
on nearly 100 years of flow records, aboUl 35
percent of dle now of tile .Missouri River at
Hermann is from runoff in Missouri. The
remaining 65 percent is runoff from upstream
slates.

The volume of surface water in Missouri
is generally adequate to meet most needs, but
the resource is not evenly distributed across
the state. Normern and wesl-cemral Missouri
have relatively poor groundwater resources,
and rely on surface water for most of tlleir
water-supply needs. These areas also have
lower average rainfall rates man the rest of me
state, and groundwater does not contribute
appreciable volumes of water to streams and
rivers. Thus. many lowns in northern and
west.-central Missouri, especially those some
distance from a major river, use reservoirs for
their water supply. Of the approximately 123
reservoirs currently in use as public water
supply sources, all but eight are in west. central
and northern Missouri where groundwater
resources are poor.

Surface-waler intakes on major streams
and rivers are used by approximately 50 cities
where streams have adequate low flows.
Twenty of the 50 use reservoirs to impound
surface-water runoff. as well as river intakes to
help keep reservoirs Hlled during periods of
low runoff.

The Missouri and Mississippi rivers sup
ply municipal water to about one-thud of the
state's population. Nearly 60 percent of the
population of Missouri is in the 25 counties
that border the Missouri River. As water needs
increase, both the Missouri and .Mississippi
rivers will become even more important water
resources.

Surface water is used much less in the
southern pan of the state as a water supply. A
few towns rely on surface water for part or all
of their municipal water-supply needs in this
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region, but groundwater is typically used for
private as well as public water supply. In
southern Missouri, the emphasis on surface
water shifts from drinking water to recreation.
Large lakes in the Osage and White river
basins attract millions of visitors each year,
and tourism in these areas is a very important
industry for the state. TIle lakes also provide
flood prolection for downstream areas, and
many provide hydroeleclric power.

In the Ozarks region, much of the runoff
from upland areas percolates downward
through permeable surficial materials, or is
channelled underground by losing slreams,
and sinkholes. The high rate of groundwater
recharge in the Ozarks greatly affects me
rivers and Slrearns. Much of the groundwater
in the Ozarks flows through cave-like systems
to springs along major Slreams and rivers. The
large springs tend to have fairly uniform flow
characteristics, and provide well-sustained
flows to Slreams even during dry weather. The
swift. clear. spring-fed Slreams and rivers thai

2

characterize the Ozarks are popular recre
ational areas, and conlribute greatly to the
economic well-being of the state.

l1le overall quality of surface water in
Missouri is relatively good. Most of the ele
ments dissolved in the water are within rec
ommended drinking-water parameters in al
most all areas. Bacteria is contained in ail
surface water; the level of bacteria is generally
directly proportionallO lhe amount of devel
opment in the walershed. Both wastewater
discharges and agricultural runoff increase
bacleria levels in surface water. Suspended
solids vary greatly with stream stage and loca
tion, but are generally the highest in northern
and western Missouri where row-cropping is
conunon and soils are more easily eroded.
The lowest amount of suspended solids in
surface water in the Durks is where timber
and grassland are moSt prevalent. 1hrOUghoul
the state, suspended solids are highest during
floods, and lowesl during normal or low-flow
conditions.



In/roduaion

INIRODUCTION

In Missouri, the availability of abundant,
good-quality water is one of the state's mOSl
imponam nalUral resources. Missouri water
resources consist of both surface water and
groundwater. Surface water is that pan of the
total resource that rests upon lhe Earth's sUlface.
It.is the 'Water found in rivers, streams, lakes, and
reservoirs. Groundwater is that part of the total
resource that.is found beneath the Earth's surface
in fonnations called aquifers. Combined, they
fann the total water resource of the Slate.

Missouri is often thought of as a Slate of
rivers and streams. Most of its eastern bound
ary is fonned by a 485-mile stretch of the
J\1ississippi River. TIle Mississippi River has its
head'Waters in Lake Itasca, Minnesota, and
flows 2,440 miles to the Gulf of Mexico. It
drains about 923.500 square miles, or 30 per
cem of the continental United States (MGS.
1967). The Des Moines River forms 20 miles
of Missouri boundary in the northeast comer
of the state. The Missouri River forms the
borderfrom Iowa to lhe Kansas Riveral Kansas
City, a distance of 185 miles. About 375 miles
farther downstream on the lower Missouri
River, near SL Louis, the Missouri and Missis
sippi rivers merge to fonn one of the largest
river systems in the world. A much smaller
river, the SL Francis, forms the western bound
ary of the state in the Bootheel. The Ohio
River enters the Mississippi in the northern
part of the Bootheel. Although the Ohio does
not cross into Missouri, its waters certainly
affect me State.

Being at dIe juncture of the Missouri,
Mississippi and Ohio rivers, the stateofMissouri
is affected by water draining from the north
central United States between the Rock-y Moun
tains and the AppaJachians as well as a small
pan of southern Canada.

Overall, Missouri has excellent surface
water and groundwater resources. Both are
ultimately supplied and replenished by pre
cipitation. Precipitation varies widely, but in
an average year, about 38 inches of precipita
tion falls on Missouri's 69,709 SQuare mile
area. 1his provides a volume of nearly 46
trillion gallons, enough to supply more ilian
24,000 gallons a day to each of the state's
5.117,073 residents. In addition, millions of
gallons of water enter Missouri each day from
adjoining upstream states, further increasing
the resource base. Another 3.29 trillion gal
lons of water is contained in the 12 major
Corps of Engineers reservoirs that are entirely
or partially within the state; a 'volume of water
that would supply every resident of Missouri
100 gaUons per day for more than 17 years.
Missouri groundwater reserves are estimated
at more than 43 trillion gallons (Miller and
Vandike, 1996).

At frrst glance, when the totaJ resource is
considered, it may seem difficult to imagine
how Missouri could ever suffer from water
shortages. Compared to the arid western states,
Missouri is generally considered to be rich in
water. However the above ngures, though
reasonably accurate, do not fully portray aU
aspects of Missouri's water resources.

First, only a fraction of the total rainfall
received by the Slate is available for either
surface-water runoff into lakes or streams, or
for providing recharge to groundwater. Much
of the water is returned to the aunosphere by
evaporation or is transpired by plants. The 38
inch average rainfall value for Missouri is only
that-an average. Yearly rainfall at any given
place in the Slale may range from less than
one-half of this vaJue to more than twice the
average amount.

3
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Second, the seasons of highest rainfall
do not lypicallycoindde wi!h times ofgreatest
need, Much of !he precipitation during a given
year is in the spring, Periods of greatest need
are typically in late summer,

lbird, the total volume of water used in
the state is far greater ilian the amount used for
individual and municipal water supply. Gen
erally, an individual uses from 50 to 150
gallons of water per day for domeslic needs.
Water for agricultural irrigation, hydroelectric
generation, thermoelectric cooling. and other
industrial, corrunercial, and agricultural needs
accounts for most of the water used. which is
an estimated 1,354 gallons per day per person
CReed and others, 1993). Much of this is
nonconsumplive (the water being returned to
me stream or lake for further use) but the IOtal
volume of water needed to meet these de·
mands is still required, Not considered in the
above discussion is water for fISh and wildlife,
aquatic recreation, W3ter-quality mitigation,
and river transportation, Economics should
also be considered. For numerous reasons,
surface water is not SUitable for many uses
without expenSive treaunenL A town of 500
people in northern Missouri where ground~

water may be highly mineralized, might fmd it
very difficult and costly to purchase land for a
reservoir, build the reservoir, constrUCI the
treaunent plant. and treat and distribute the
water. A town of the same size in an area
where potable groundwater resources can
supply the needed volume could develop a
public water supply much more economically,

Water resources are also not evenly dis
tributed throughout the state. Northern
Missouri generaUy has the lowest average
rainfall. t t also has the poorest groundwater
resources-water whicll cannot be depended
upon to alleviate shortages during drOUghl
And the Bootheel area ofsoutheastern Missouri
has abundant groundwater resources and the
highest rainfall in the state, but here, the
problem is generally too much water rather
than tOO little.

Normally water problems do not occur
duringtheaverageconditionsdiscussedabove;
instead they occur during extreme c1imalic
circwnstances that produce eith.er flooding or

4

drOUght. Droughts are a silent blight because
they slowly strangle crops and grassland and
deplete water-supply reservoirs. During this
century alone, droughts in Missouri have
caused billions of dolJars in damage. Much of
th.e damage has been due to th.e loss ofagricul
tural produclSor river transponation. Because
they affect larger areas, the overall economic
losses due to drougln are generally greater
than t110se from floods. However, a major
flood can scar a river for years and devastate
the communities along it. In 1993. heavy
cainfalJ throughout lhe upper Mississippi Riv
er basin, as well as parts of the Missouri River
basin, caused record flooding on the Missis
Sippi River and many of its tributaries in th.e
state, On August 1,1993, the Mississippi River
atSt. Louispeakedwithadischargeofl,Os),OOO
cubic feet ofwater per second (ft'/sec). IfLake
of the Ozarks was empty, this flow rate would
nIl i( in less than 22 hours.

The purpose of this repofl is to pro~

Vide a description of the surface water re
sources of Missouri. As part of the framework
of the Missouri State Water Plan, this report
will discuss the hydrologic cycle as it relates to

surface water, evaluate overall surface-water
resources and provide detailed descriptions
of .selected surface watersheds throughour
Missouri. Drought, flooding, water use, and
water quality will be discussed in general. bur
each of these important topics will be more
fully examined in future volumes of the
Missouri State Water Plan.

I n this report, the discharges of rivers and
springs are reported in units of cubic feet of
water per second (ft'/sec). One cubic foot per
.second is equal to 448.9 gallons per minute, or
646,358 gallons per day. The storage of lakes
and yearly volumes of 'runoff are generally
reported in units ofacre-feet (ac~ft). One acre
foot of water is the volume of water necessary
to cover an area of one acre (43,560 ft2) to a
depth of one fool. One acre-foot of water is
equal {O 43.560 ft3, or 325,872 gallons. Runoff
rates for river basins are generally reponed in
units of inches per year (in.lyr). A stream
having a runoff rate ofone inch per year would.
in one year, d.i.scharge enough water to cover the
entire watershed to a depth of one inch.
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Pbysfograpby and Cilmale
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PHYSIOGRAPHY AND CLIMATE

The surface water resources of Missouri
are, to a great extent, controlled by physicr
graphic and climatological faCtors. Being in
the mid-continent region, lhe topography of
the state is considerably more gentle than that
of the mountainous areas 10 the east and west.

However, Missouri's physical features are more
varied than many of those of the bordering
states.

Missouri contains three distinct physio
graphic regions that can be funher subdivi.d
ed, based on more subtle changes. Missouri's
landscape is characteriZed by plains north of
me Missouri River, and in the west-centtal part
of the state. Southeastern Missouri. at the
nonhern end of the Mississippi Embayment or
coastal plain, is a lowland. Between these [wo
regions lie the Missouri Ozarks, an uplifted
area of considerably more rugged character
than lhe state's other provinces. The total
topographic relief for Missouri is about 1,540
feet. Figure 1 shows the physiographic prov
inces in Missouri, and figure 2 is a generalized
geologic map of the state. Table 1 shows the
general stratigraphic sequence Oayered ar·
rangemenl) of rock units in Missouri, and their
hydrologic (water-related) significance.

NORTHERN MISSOURI
Unlike most of the state, the physical

characteristics of northern Missouri were al
tered by glaciers during the Pleistocene Epoch
or Ice Age. Advances and reLIeats of twO

major ice sheets left behind thick deposits of
unconsolidated glacially derived sediments
covering a pre-existing topography developed
on Pennsylvanian- and Mississippian-age
bedrock.

The glacial till, consisting of clay, silt.,
sand, gravel and boulders, has been dissected
by runoff. This erosion is gradually destroying
the level plains-like topography formed by
glaciation. 1be resulting drainage panem
consists of nearly parallel streams that., in
northwestern Missouri, lrend to the south and
drain into the Missouri River. Streams in
northeastern Missouri, which drain directly
into the Mississippi River, have a distinct
southeasterly trend

Elevations in northern Missouri range
from about 1,200 feet above mean sea level
(msI) along major drainage divides in north
western Missouri to about 600 feet mst along
the Missouri and Mississippi rivers. The south
ern extent of glaciation roughly parallels the
Missouri river. It ends a few miles south of the
river on the western side of the state, and a few
milesnonh ofthe river in mostofthe eastern side.

OSAGE PLAINS
The Osage Plains of western Missouri is an

area of relatively low relief with an even more
gentle topography than northern Missouri. Here
plains are not due to glaciation. Rather, this area
is underlain by Pennsylvanian-age sedimentary
rocks consisting of relatively thin limestones,
sandsl:ones, and shales. Soils in the area are thin,
runoff is rapid. and there is very linle groundwa
ter recharge. FJevations range from about 1,000
feet msI along drainage divides near the Kansas
border to aboul68> feel msl in the eastern panof
the area along the Osage River. MOSl of the
Osage Plains drains to the east and north intO the
Missouri River; however, the southern tip of Ihe
province drains south and west uno Oklahoma
to the Arkansas River.
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OZARKS
The Ozarks region is an uplifted area in

southern MissoUTi and adjacent partsofArkan
sas, IUinois and Oklahoma. This region can be
subdivided into the St Francois Mountains,
the Salem Plateau, and the Springfield Plateau.

The SL Francois Mountains in SOUlheast
em Missouri are me cemer of the uplift where
eroded srumps of a Precambrian mountain
range SlaOd in relief. surrounded by younger
sedimenwy rock. Although it has been a
mountain area for more than a billion years,
periodic uplift has funller increased relief.
The highest elevation in the Ozarks, as well as
in lhe Slate, is in the St. Francois Mounlains at
the LOp of Taum Sauk Mountain - an elevation
of l,nZ feel msI. The outcrop panems of
younger sedimentary rock unirs fonn a rough
"bullseye" around me St. Francois Mountains.

lheSalem PlaIeau.swrounds theSt. Francois
Mountains, and is oomposed of mosdy Ordcnrj·
dan and Cambrian age sedimentary rocks.. The
are> is marw-dy dissected, and consisrs of"eep
sided, deep valleys separ.ued by more gen~y

rolling uplands. Except for upland areas, the
modem soils here ate rypk:illy thin. In upland
settings, the bedrock is overlain by thJck deposirs
ofunconsolidated residual malerials formed from
decomposed hedrock The residuum is rypically
permeable, which allows high rales of ground
water recharge.

The pan of the Ozarks that is underlain
by Mississippian age rock is termed the Spring
field Plateau. The Salem and Springfield pla
teaus are separated by the Eureka Springs
escarpmenL In southwestern Missouri, the
Springfield Plateau is generally lower in relief
than the Salem Plateau. Depending on loca
tion, surface water from the Ozarks drains into
the ~fissouri River, Mississippi River, White
River or Arkansas River.

SOUfHEASTERN WWlANDS
The Ozarks end abrup~yalong the Ozark

escarpment where lhey abut the Southeastern
Lowlands. Ibe Southeastern Lowlands which
fonn the Bootheel area ofMissouri, are largely
covered by alluvium that was deposited by the
SL francis, Mississippi, and Ohio rivers. The

Pbystograpby and QimtUe

most prominent lopographic feature of the
Southeastern Lowlandsarea isCrowley's Ridge,
a line of low bills that roughJy parallels the
Ozark escarpment in the northwestern part of
the lowlands. Crowley's Ridge and associated
other isolated hills in the lowlands are com
posed of Tertiary, Cretaceous, and Paleozoic
rocks that fonn islands in the alluvial materials
that surround them. The lowest elevations in
Missouri are in the Southeastern Lowtands.
The lowest. point in Missouri is on the Jjnle
River at the Arkansas border where the eleva
tion is about 230 feet msI.

Drainage panerns in the Southeastern
Lowlands have been drastically altered dUring
the past century. Formerly, the Bootheel was
noted for itsswamps and poor drainage. Drain
age projects, beginning in the late 1800s and
continuing well intO this cenNrY, diverted
W3t.eT entering the Bootheel from the north
directly into the Mississippi River. The projects
also divered water berween the Mississippi
and SL Francis Rivers into a series of south
Dowing drainage ditches that channel the 'Wa

ter south into Arkansas and, fmally, into the
Mississippi River.

PHYSIOGRAPHIC AND GEOLOGIC
EFFECTS ON WATER RESOURCES

The effects of geology and physiography
on Missouri surface water resources are pro
nounced. For example, the glacial till of
northern Missouri has a very low penneabili
{y, therefore, inHlttation is low and runoff is
rapid. The low permeability and lack of
groundwater inflow into streamS makes for
very low base Dows dUring dry weather. Fur
thermore, northern Missouri is extensively
row-cropped for the production of com, soy
beans and other grains, and glacial till is easily
eroded, espeda1ly on Sleeper slopes. This
combination leads to high suspended sedi
ment loads in many streams and rivers.

Conditions are nearly the opposite in the
Ozark>. Here, because of topography, thin
soils, and poor soil fenility, row cropping is
mostly limited to the Doodplains of major
streams and rivers. Thus, there is much lower
soil Joss due to erosion. Most streams in

11
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souLhern Missouri receive considerable
groundwater from springs and general ground
water inflow, so even during dry weather they
have well~su.stained base flows.

A comparison of hydrologic characteris
tics of simUar size basins in northern and
southern f\.fissouri shows how geologic fac·
tors, to a great extent, control basin runoff.

The North River at Palmyra, an upper
Mississippi River tributary, drains 373 square
miles. Glacial till covers the bedrock surface
throughout most of the basin, and the till is
underlain by Mississippian·age sedimentary
rocks. Average discharge of the North River,
based on 60 years of records, is 264 ft'lsec, or
an average annual runoff rate of about 9.61
inches.

The Jacks Fork at Eminence, a Current
River tributary in the Salem Plateau of the
azarlcs, has a similar drainage area, 398 square
miles. Based on 73 years of record, average
discharge here is 457 ft'/sec, or about 15.6
inches. Most of the difference in the amount
of runoff can be anributed to rainfall. Average
annual rainfall in the North River basin is about
36 inches, while theJacks Fork receives about
42 inches per year, a difference of 6 inches.
However, differences in the 10w·f1ow charac
teristics of the two streams are due to geology.
Figure 3is a flow-duration curve ofboth rivers.
It illustrates the differences in low~tlow dis
charge. Flow of the North River is greater than
3.2 ft'/.sec about 90 percent of the time, but
mere are numerous times when there has
been no flow in the stream. The lowest
recorded flow for the Jacks Fork River is 64
ft'/sec, and 90 percent of the time the flow
exceeds 123 ft'/sec.

The North River basin is underlain by
10w-permeabUiry glacial drift that does nOl
release enough groundwaler to maintain flow
during dry weather. The Jacks Fork is pre
cisely the oppOSite. Its basin is characlerized
by large springs developed in permeable Cam
brian- and Ordovician-age dolOmites. The
springs are recharged from sinkholes, losing
streams, and general infiltration through the
permeable residuwn thatcoversmost oftheacea.

12

Much of the 'Water that would ordinarily run off
into streams is channelled underground through
losing streamS and Sinkholes. The water is then
s10wty released from storage by the aquifer
through springs, which helps to maintain the
high base flow of the s<ream.

In most of northern Missouri and the
Osage Plains, surface water and groundwater
can be considered separate resources. In the
Ozarks, however, it is neither logical nor
desirable to always consider surface water and
groundwater as separate entities.

The Ozarks is mostly underlain by dolo
mite and limeslone fonnations that have been
greatly affected by weathering, both al land
surface and in the subsurface. Solutional
weathering of r.he bedrock has created weU
integrated subsurface drainage systems thal
caprure surface water and channel il under
ground. Water is carried underground through
losing streams and sinkholes, and transponed
through cave-like openings 10 springs where
the water surfaces. A losing stream is one
which loses mOSl or all of its normal flow into
the subsurface. Sinkholes are topographic
depressions formed by the subsurface remov
al of soil and rock. Bodl sinkholes and losing
streams funnel large volumes of surface water
into the subsurface.

In much of the Ozatks, surface water goes
underground in losing streamS and sinkholes,
thereby providing rapid groundwaler recharge.
Rapid inf.L1rration of rainfall through the perme
ableswf.K:ial materials isalso an importanl source
of groundwater recharge. The walel" gener.illy
returns ro the surface at springs and again be
comes surface water. In places, this cycle may be
repeated two or more times before the water
enters a stream mth permanent flow. This
interaction between surface water and ground
water is widespread throUghOUl the Ozarks, and
groundwater movement is rapid Springs, caves,
sinkholes, and other karst fearures so common in
the Ozarksare not present in mo&. other areas of
the state. Most groundwater recharge in other
pans of Missouri is by relatively siowdownward
movement of 'Waler from precipirn.tion into
shallow aquifers.
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THE HYDROLOGIC CYa.E
Although the disuibutioo ofwater chang

es over time and from place to place, as
evidenced by flooding and drought, the total
volume of water does oat change. There is a
continuous interchange of water from ocean
to atmosphere to land surface-a never-ending
hydrologic cycle that is powered by solar heat
(figure 4).

ADVECTION

EVAP1TION t
TRANSPIRATION

(26-30")

Water enters the atmosphere from ocean
and land-mass evaporation, and plant transpi
ration. The losses due to evaporation and
transpiration are generally combined and re
ferred to as evapotranspiration. Water vapor
in the atmosphere condenses, and returns to
the Earth's surface through precipi[ation.

Much of the water supplied from precip
itation is evaporated back into the atmosphere

• -_I> _

EVAPO ION

I

Figure 4. Thehydrologic cydeshOWing the approximate range of.average.annual precipil.ation, evapotranspiration and
runoff in Missouri.



or is used by plams and rerurned to the atmo
sphere. If precipitation is heavy or soils are
already saturated, surface-water runoff occurs
and the water enters streams and lakes, even
tually returning to the aunosphere or ocean.
Depending on geologic conditions, the re
maining water from precipitation emers the
subsurface and recharges groundwater sup
plies. Evemually, most of it is returned to the
Earth's surfaceasspringflowor general ground
water inflow into streams and rivers. The
average annual amounts of precipitation,
evapotranspiration, runoff, and groundwater
recharge and discharge, are also shown in
figure 4.

TEMPalATUR.E AND PR.Ec1PrrAnoN
Missouri has a hUmid, continental cli

mate with an average temperarure of about
55"F. Average annual temperature ranges
from a low of abom SlOP in the nonhwestern
comer of the state to a high ofabout 59"F in the
Bootheel. Rainfall in Missouri has a much
greater variation, normally lowest in me nonh
western comer of the state and highest in the
southeast.

More than one hundred years of temper
ature and rainfall data are available from some
weather stations in Missouri. A plot ofaverage
annual precipitation containing data from all
observation Stations in Missouri with at least
40 years of record is shown in figure 5. Based
on these data, mean annual rainfall ranges
from less than 35 inches in northwestern
Missouri to about 48 inches in the Bootheel,
with a statewide average of aOOm 38 inches.
Average seasonal precipitation is shown in
figure 6. Highest rainfall amounts are gener
ally during spring months, and the lowest are
in the fall and winter. Rainfall during June,
July, and August, in the peak of the growing
season, normally ranges from 11 to 13 inches
statewide. Despite this, high temperatures
dUring the same period often deplete soil
moisture storage and lead to deficiencies in
moisture for crops and vegetation.

Although precipitation in Missouri is nor
mally sufficient for most needs, climatic ex
tremes occur all tOO frequently. Figures 7 and

PbysiOgraphy and Qimate

8 show Missouri precipitation during 1956 and
1957. In 1956, much of the state was still
suffering from an extended drought. Rainfall
was low in much of central and nonhero
Missouri while pans of south-central Missouri
had near-nonna! amounts. The follOWing
year, part of northwest Missouri was still dry,
but yearly rainfall amounts as high as 90 inches
were recorded in southeast Missouri. For
northern Missouri, 1988 was one of the driest
years on record. Many areas received less than
one-half of the norrnaI rainfall (figure 9). Most
of the remainder of the state, though, had
average or above average rainfall.

Missouri has suffered several periods of
major drought during this cenrury. Based on
the discharge records of major rivers, nonhern
Missouri had the worst drought conditions
during the early 193Os. Most rivers here had
their lowest average annual flow in water year
1934. In the southern part of the state the early
1950s were very dry. Water year 1954 was the
lowest flow year on record for many rivers in
southern Missouri.

The year 1993 will, undoubtedly, be
remembered as one of the wenest years for
Missouri Rivers in much of the state had
record peak flows as well as record yearly
flows. Precipitation throughout most of the
state was above nonnal (figure 10). Northwest
Missouri, nonnally the driest area, had nearly
twice as much precipitation as normal. Parts
of east-centraJ and southwest Missouri had
yearly precipitation that exceeded 70 inches.
Southeastern Missouri, normally the wettest
area in the state, was one of the driest areas in
1993. WhUe in many areas of Missouri resi
dents were sandbagging levees to control
flooding, fanners in the Bootheel were irrigat
ing because of locally dry conditions. For
many Ozark streams, 'Water year 1985 was the
year of highest flow.

EVAPOntANSPIRATION

Although precipitation is the ultimate
source of the water resources base, not all of
the water from precipitation is available for
use. On average, about 28 inches of Missouri's
average 38 inches of precipitation is lost to
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evapotranspiration. Average annual evapo
transpiration rates varies from about 26 inches
in extreme nonhern Missouri to about 30
inches in southeastern Missouri <Hgure 11).
StateWide, the remaining 10 inches., or a1x>ut 26
percent of the precipitation, becomes runoff.

Rtr<OFF

Average annual runoff rates range from
abom ') inches in northwestern Missouri to

about 20 inches in the Southeastern Lowlands
(figure 12). In the Ozarks, much of what is

shownasswface-warerrunoffincludesground
water inflow into streams. Here, numerous
losing sueams and sinkholes channel large
quantities of water into limestone and dolo
mite aquifers. Most of the water is rerumed to

the streamS and rivers at springs. The amount
of groundwater underflow, which leaves the
area, is comparatively minor.

(Data sourc:e: Clima1ological
data fot Missouri.
199O.I:l:lIIual summary)

. ""'"'""!

figure 'j, Long-1eml average annU2l precl.plLaliOD based 00 moons With 40 or more years of C12ta ending 1990.
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figure 9. Precipitation ill Missouri. 1988.
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(Data source: Climatological
data for Missouri. 1993 annua
-)
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Figure 10. Precipitation in Missouri, 1993.
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Lines orcquaJ esrjma1ext
annual cvapotranspiratiOD

(Soun::c: USGS Hydrologic
Atlases HA-491. HA-444.

HA.550, aDd HA-372)
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Major River Basins

o Missouri

o UpPer Mississippi

Lower Mississippi

• Arkansas-While

Major river drainage pallem5 and the pen:enla&e of Missouri drain«! by each.

Figure 1'. Ma;or river basins in the Midcootinenl region.
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-- ... -
GENERAL SURFACE WATER RESOURCES OF MISSOURI

-
All of Missouri drains direclly or indirectly

into the MisSissippi River. Upso-eam from St.
Louis, about 7,7i!8 square miles, (11.2 percent of
the (olal area of the Slate) drains directly intO the
J\1ississippi River. Downstream from SL Louis
and upstream from r.he Ohio RhJer, another
6.850 SQuare miles (9.8 percent of the state)
drains into me Mississippi About 4.975 square
miles (7.1 percent of Missouri) flows into
nonhero Arkansas and into lhe Mississippi
River. Another 13,547 square miles (19.4
percent of me state) drains into the White and
Arkansas rivers. The remaining 52,4 per
cem of the stale, about 36,537 square miles,
drains into the Missouri River (figure 13).

Based on an average annual runoff rate of
10 inches, surface water from precipitation
originating in J\tissouri each year avemges
about 37 million ac-ft, or about 12 lrillion
gallons. Another 30 million ac-ft (9.8 trillion
gallons) enlers the state from me Missouri
River. The upper MississiPPi River con
tributes an additional 85.5 million ac-ft (27.8
trillion gallons). Not counling relatively minor
contributions from streams flOWing into
Missouri from Iowa and Kansas. the above
total equals about 152.5 million ac-ft (nearly
50 trillion gallons).

nte Missouri River drains a tOW area
of about 529.000 square miles, of which about
36,537 square miles (about 6.9 percent) lies in
Missouri. Despite the relatively small amount
of Missouri River drainage area that is in
Missouri, runoff from Missouri contributes
greatly to the flow of the Missouri River within
theSlate. The average di.scharge ofthe Missouri
River at KatlSaS City, based on data collected

from 1897 through 1993, is 50,850 ft3/sec.
Data collected during the same time interval at
Hennatm shows I.h3t the average discharge of
the Missouri River at Hermann is 78,400 ft3/.sec.
Flow of the Missouri River between Kansas
City and Hermann increases an average of
27,550 ft3/sec (about 54 percent).

On the average, about 65 percent of the
flow of the Missouri River at Hennamz is
provided by runoff from states upstream from
Missouri. while 35 percent of the water is
provided by the state it.self. These values are
only approximate, but they show me impor
tance that runoff in Missouri has on the flow of
the river within the state. In the above figures,
runoff from the Nodaway and Platte rivers
were induded with that of upstream states.
Runoff from Iowa through the Grand and
CbarUon rivers. and from Kansas in the
upper Osage basin, were induded with run
off in Missouri.

An examination of the discharge records
of the Missouri River shows that. despite its
large drainage area, the Missouri River basin
upstream from Missouri has a very low runoff
rate. The Missouri River upstream from Rulo,
Nebraska, near the northwestern lip of
Missouri, drains an area of aboul 414,900
square miles. 1be average discharge of the
river at Rulo. based on 44 years of record
keeping, is only about 41,180 ftJ/sec. This is a
runoff rate of onJy about 1.35 inches. Annual
runoff of the Missouri River at Hennanu is
about 2.03 inches.

Several factors contribute to the low run
off rate of the Missouri River basin. Precipita
tion in most of the Missouri River basin, com·
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pared to that in the Slate of Missouri. is quite
low, less than 15 inches in many areas. ~e
Missouri River is nearly a continuous reservoir
from Gavins Point Dam in southeastern South
Dakota to Onbe Reservoir in North Dakota.
Evaporation from these reservoirs is greater
than the flows of many smalJ rivers.

The MissISSippi River upstream from
the Missouri River drains a much smaller area
than the Missouri butbasa much higberrunoff
rate and annual discharge. Upstream from
Grafton, lIlinois, 'Which is 23 miles upstream
from the confluence with the Missouri, the
Mississippi Riverdrainsan area ofabout 171,300
square miles. TIle average discharge of the
river here is 122,mo ft'/sec <9.74 indIes). The

~
I,
•
J••
I.....--------~ ....,-'*

drainage basin is less than one-third the siZe of
the Missouri River basin, but discharge is
92,900 ft'/sec or 56 percent greater.

There are dozens of smaller river and
stream basins in the Slate that contribute great
ly to the overall water resources ofMissouri. A
1968 survey by the Missouri Deparunen t of
Conservation inventoried 18,077 miles of
streams in the state showing that about 9,865
miJes of stream contained pennanenl flow,
and 8,212 miles have imenniuent flow and
permanent pools. Though not specified, there
are undoubtedly several thousand miles of
additional streams with lesser flows.

There are numerous surface-water im
poundments' j\fissouri. They range in size

figure 14. Major U.S. Army Corps of Engineers:md priv:l.te reser\'oirs in MissOuri.
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from fann ponds less than one acre in size, to
Lake of the Ozarks, which has a surface area at
normal pool level of 55,600 acres. Allor pans
of 13 major U.S. Army Corps of Engineer
impoundments are in Missouri (figure 14 and
table 2). At normal pool levels, lhese reser
voirs impound 10,080,700 ac-ft ofwater (about
3.29 trillion gallons). There are also 4 major
privately owned reservoirs in the state with a
combined total storage of 1,997,575 ac-fl.
Combined, all of these major reservoirs im
pound more than 12 million ac-ft, holding
enough to cover the entire state with 3.2
inches of water (Atlas, 1986).

ntese large impoundments are only a
few of the total number of reservoirs in the

General Surva,e Water Resources ofMiSSOuri

state. In 1980, an inventory was made of all
dams in Missouri that were at least 6 feet in
height and impounded more than 50 ac-ft of
water, or were at least 25 feet high and im
pounded more than 15 ac-ft of water. The
inventory found a total of 3,240 dams in
Missouri that fit these criteria, induding 85 that
are federally owned or controlled. Since 1980,
approximately 733 more dams of this size
have been built, and the total number of lakes
is now estimated to be 3,973 (Alexander,
1995; personal communication).

The vast majority of the ponds and lakes
in Missouri are privately owned and used for
agricultural or recreational purposes. The
Department of Natural Resources regulates

u.s. .u.1 em..
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Table 2. Physical data for majOr reservoirs in Missouri.
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most non-federal dams greater than 35 feet in
height through its Dam and Reservoir Safety
Program. The departmenl currenlly regulates
S60 dams greater than 35 feel in height Dams
and reservoirs used for agricu1rural purposes
in Missouri are nOl regulated. 1bere are about
38 agricullUral dams greater than 35 feet in
heighl in the state.

As of 1991, 123 reservoirs in Missouri
were being used for public water supply
(DEQ, 1990. MOSloftheseareownedbythe
cities that they serve, bUI several are U.S.
Army Corps of Engineer reservoirs. Some of
the reservoirs serve more than one IOwn, while
otber towns use more than one reservoir. A1x>uI

25 of these water-supply reservoirs are supple
mented by pumping rrom a Sb'eam or river.

The number of lakes by county that are
used for public water supply are shown in
figure 15. Also .shown is the fresh water-saline
groundwater lTaIlsition zone. South or the
zone, deep aquifers that yield large quantities
of water contain waler that requires little or no
treaunent before use. North of the zone the
same aquifersoontain highly mineralized water
mat, wimout extensive treatment, is unsuil
able for most uses. As can be seen from figure
15, most of the public water supply reservoirs
serve areas where productive aquifers contain
highly mineraliZed water.

(Data from DEQ, 1991)

Freshwater-saline water
rransition zone. Productive
aquifers north of this line
conlain 'Iil.'llter too high in
dissolved solids to be
considered potable.
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lbe Missouri Deparunent of Conserva·
tion and Missouri Deparunem of Natural Re
sources also have several lakes in lhe S{ale thaI
are importanl recreational resources. Table 3
gives the names,locations, and other infonna·
tion for 26 of these lakes.

It is difficuh 10 accuralely estimale the
number of small ponds in the state. However,
the state has a surface area of 69,709 square
miles. Assuming Lhere are five ponds per
square mile, then there are approximately

General SuTVtlce Warer Resources ofMissouri

350,000 ponds in Missouri. If each holds an
average of 3 ac·ft of water, it means that more
than one milUon ac-ft of water is sLored in
Missouri ponds. StateWide, these smaller
ponds are importanl sources of water for
livestock, nsh, wildlife and recreation.

Lakes and reservoirs in Missouri are an
importanl assel to the water resources of the
state. In northern Missouri, where even major
rivers have very low flows during dry weath
er, impoundments are the only way to ensure

NameofLake .~ CoWlty Location &ofaco Dramage
(1-2) Se<. Twn. Rng. Area(ac) Area(ac)

Hannony Mission (I) Bales 15 38 32W % 1520
Ben Branch (I) Osage 15 44 8W 44 625
Manito (I) Monileau 8 44 17W 876 1480
Fox Valley (I) Clark 27 66 8W 108 1135
Busch Wildlife#35 (I) StCharles 19 46 2E 54 2131
LakePaho (I) Men:er 25 65 25W 275 2950
Lake Lincoln (2) Lincoln 8 49 IE 88 %0
5t. Joe State Park (2) 51. Francois 18 36 5E 278 3176
Nodaway Lake (I) Nodaway 20 65 35E 73 730
FingerLakes South (2) Boone 30 50 12W 48 740
LiuleDixie (I) Callaway 26 48 IlW 200 2314
Blind Pony (I) Saline 18 49 27W 95 3255
Bushwhacker (I) Vernon 26 34 32W 157 2650
LakeGirardeau (I) CapeGirardeau 9 30 liE 147 1984
Binder (I) Cole 36 45 13W 150 3860
Pony Express (I) DeKaih 33 58 31W 281 2900
Henry Sever (I) Knox 14 60 lOW 158 2800
DeerRidgeComm.. (I) Lewis 18 62 8W 48 600
Perry Co. Corrun. (I) Perry 22 35 IOE 87 2560
Little Prairie (I) Phelps 21 38 7W 100 1540
TywappityComm. (I) Scon 8 29 13E 43 362
Hunnewell (I) Shelby 25 57 9W 208 2560
Indian Cr. Comm (I) Livingston 27 59 25W 192 3580
Hazel Hill Corum. (I) Johnson 27 47 26W 71 1500
Bilby Ranch WA (I) Franklin 16 43 3W 55 1040

(1)= Lakeowned by Missouri Department ofConservation
(2) = Lake owned by Missouri Department ofNatural Resources

(Data source: DNR·Dam and ReservoirSafety Program)

Table 3· L:akes owned by the MlSSOUfi Deparunent o(Con$Cf\'alJon and ihe Jl,fissoUfi Depanment of Natural Resouroes.
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an ample supply of water dUring drought.
Evaporation is a major loss from reservoirs.
Lake-surface evaporation in Missouri ranges
from about 36 inches in northeastern and
easlern parts of the Slate to about 46 inches in
the SOuthwestern corner (figure 16). Evapora
tion during May through October, accounts for
74 to 78 percent of the annuaJ amounts. nle
J7 major Corps of Engineers and private reser
voirs in the Slate have a combined surface area
of about 301,500 acres (471 square miles).
Yearly evaporation losses from these reser
voirs is about 980,000 ac-(t, (319 billion gal-

Ions). 1b.is amounts [0 an average loss of 1,353
ft'/sec, which is approximately the average long
term flow of theMemmec River near SuUivan.

Numerous rivers and Streams 100lted
primariJy in northern and western Missouri are
aJso used for municipaJ water supply. Of the
55 surface water intakes, 11 produce from the
Missouri River, five from the MississiPPi
River, and three from the Meramec River.
nle remaining 36 are from other Slreams
(table 4). IndividuaJ waler supply reservoirs
and surface-water intakes will be discussed in
more detail in later sections of this report.

Lines ofequal average
=nuallake evaporation,
inches (1946-1955 data).

May.Qctober evaporation
io preceol ofannual.

(From U.S. Weather
Bureau, Te<:tmical paper
~o. 37, 1959,~fied
from Skelton, 1968).
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Figure 16. Estimated annual lake evaporalion in J\1issouri.



NAME OF SUPPLY

MISSOURJ RIVER
St. Joseph
Kansas City
Lexington
Higginsville
GLugow
Boonville
.Jefferson City
$t. Louis (HoW81d Bend)
Sl Louis (Caltral Planl)
Sl Charles
SL Louis (North Planl)

MISSISSIPPI RIVER
CaDIOo.
Hannibal
louisiana
Sl Louis (Chain of Rodes)
Cape Girardeau

ME-RAMEe RIVER
Kirlcwood
St. Louis County (South Planl)
$1.. Louis County (Mer:uncc Plant)

OTHERS
Admn
Amo""
"'du<
Batc:s Co. PWSD #2

""""",
Brookfield
Bucklin
BuUtt
BuLlO'"
Cass Co. PWSD #7
Chillicothe
Clinton
D=bom
FredcricklOwn
GoWtt

lefTcr.;on Co. PWSD tl2
Joplin
Milfttlinc
Maryville
Neosho
New london
Pori<
Perryville
Piedmont
Plattsburg
Poplar Bluff
Ralls Co. PWSD 1# I
Ridgeway
Rod<vill<
S«hfu
Shelbina
Smithville
Springfidd
Swe:ctSpnngJO
TreotOD
WyaooD<b

NAME OF STREAM

Missouri River
Missouri River
Missouri River
Missouri River
Missouri River
Missouri River
Missouri Rivtt
Missouri River
Missouri River
Missouri River
Missouri River

Mississippi River
Mississippi River
Mississippi River
Mississippi River
~R;va-

Soulb Grand River
Marais De Cygncs River
South Grand River
Miam.i~

LakeTaneycomo
Yeuow Creek
Mussel Forie Creek
Marais De Cygoes River
Miami Creek
Soulb Grand River
Grand River
South Gmnd River
Boo Cmd<
Little $1. Francis River
Castile C~
Big River
Shoal Creek
Mussel Fork Creek
One Hundred and Two River
Shoal Creek
Sall River
Middle Fork Salt River
Saline River
Black River
Smithville Reservoir
Black River
Sall River
Big Crcdc
Osage River
F1a! Ttiver
Salt River
Little Plane River
James River
Bbckwater River
Thompson River
Wyaconda River

COUNTY

Buchanan
Clay
Lafayette
Wayctte
Howw
Cooper
Col<
St. Louis
Sl Louis
St. Owles
SL Low.

!.<wi>
Marion
Pike
$1.. Louis
Cape: Girank3u

St. Louis
St. Louis
St. Louis

.....
""'"C=

""'"T"cy
Lion
Macon
",,,,,.....
C=
Livingslon
Hauy
Platte
Madison
ClintoD
Jefferson
Newton
Unn
Nodaway
NeY.ton
IW~

M,nroe
Pony

W'yn<
Clinton
Butler
IW~

f!;umo,

"""P«tis
Sbdby
Cloy
Gn=<
SoIin<
Gnmdy

CI""

Table 1.. Public Water supply intakes on rh'etS and sueams (DEQ. 1991)
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surface Water Qualiry

SURFACE WATER QUAUTY

Water falling through lhe atmosphere as
precipitation contains very little dissolved or
suspended materials. Upon striking the
ground, water begins to dissolve soluble ma
terials that affect !.he quality and potential uses
of the water. In addition, clays and other
sediments can also be carried with moving
water as suspended material. The amount of
suspended mauer in surface waler can also affect
its polential uses and Ihe COS( of ueaunenl

Most of tile dissolved constiruents found
in surface water are from soluble earth mate
rials. Ions such as calcium, magnesium, silica,
iron. manganese, bicarbonate. sulfate, chlo
ride, potassium, and sodium are all cornman
dissolved constituents to be found in surface
water. For drinking water, tile sulfate and
chloride contents should each be below 250
milligrams"'" liter (mg!l). Total clissolvedsolids
should be less than 500 mg!l, aIlhough depend
ing on !.he concentrations of specific ions, tola.1
dissolved solids as high as 1,000 mgtl can be
tolerated for certain uses. Iron and manganese
are present in most 'W3ter, but iron levels above
0.3 mgt1, and manganese content greater than
0.05 mgtl, can give the water a mela.1lic tasl.e and
stain laundry and plumbing ftxtures.

Nutrients such as nitrate. nitrile, ammo
nia, and phosphate are present in varying
amounts in surface waler. All of lhese are
CODUnon constituents in commercial fertiJiz·
ers, and most are also found in animal and
hwnan wasteS.

Most of the surface water in Missouri is of
good chemical quality, and most constituents
are within recommended levels. Sulfate and
chloride are generally well under 250 mgtl
each, and 10tal dissolved solids are usually
less than 500 mgtl. Nitrogen and phospho
rous levels vary greatly, depending on agricul
tural runoff or the presence of wastewater
discharges in the watershed. For drinking
water, nitrate conlent should be less than 10
mgt1 (as nitrogen). Pesticides may be present
in surface water in agricultural areas, but are
generally in very low quantities. However.
recent sampling has found concentrations of
certain pesticides that are above maximum
contaminant levels in some surface water sourc
es in northern and western Missouri
(Cunningham, 1995; personal communication).

Soils in many areas ofMissouri are easily
eroded. In northern and western Missouri,
where row-cropping is most common, rivers
and streams often have high suspended sedi
ment loads, particularly after heavy rainfall.
Suspended sediment is normally low in Ozark
streams except during periods of high runoff.
In recent years, changes in farming practices
and erosion reduction programs have de
creased the amount ofsoil erosion in Missouri,
and reduced !.he suspended sediment loads of
many streams.

Surface water and groundwater quality
will be discussed more fully in future State
Water Plan documents.
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WYACONDA

--vDES MOINES

Figure 17. Upper l'i'1is.5issippi River lfib!Jt:uieS in Missouri.
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Bosin Desc.riptiOns O!l.1issouri SIITface \ValBr Resources
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MISSOURI SURFACE WATER RESOURCES:

BASIN DESCRIPTIONS

111C following sections describe lhe surface
water rcsou fees ofsmaller river basins wilhin the
SlaIe'S major river watersheds. F10w dlataeteri.s

lies. basin size. reservoir devclopmenl., runoff
volwnes and rales. and Olher faaors are given fOl"
selected rive~. River basins are presented in the
following order: Upper Mississippi River tribu·
taries. J\1issouri River tributaries north of me
J\'tissouri River. Missouri River lributaries50uth of
the t\1issouri River, Lower fo.lississippi River trib
utaries, While River tributaries, and Arkansas

River tributaries.
Nearly all discharge information for

Slfeams has been taken from U.S. Geological
Survey waler resources data reports for vari·
ous water years. Most average values are
b-.iSed on water years rather than calendar
years. A water year is the 12-monlh period
beginning the preceding October 1 and end
ing september 30. In other words, water year
1993 covers the year beginning OCtober 1,
1992, and ending Seplember 30, 1993-

MOSl infOnTIalion on drainage basin siZes
has been taken from Miueral aud WCUel'· Re
sources ojMissouri(MGS, 19(7). Public waler
supply inrake and reservoir clara, as well as
oilier public waler supply infonMlion was
provided by tlte Public Drinking Water Pro-
gram through their 1991 Census of Missouri
Public Wcuer Systems, (!.he mOSl recent pub
lished census). Where possible, more recenl
surface-walersupply [nfonnation was obtained
directly from Di\'R regional office personnel in
Macon (Evereu Baker) and Kansas City (\\7i1l
i3ffi Hills). The Missouri Water Alias CAllas,
1986) was also used extensively as a source of
information.

UPPER ~nssISSIPPI RIVER
1RIBUfARIES

Many aulhorities consider lbe boundary
between dte upper and lower Mississippi
River basin to be the Ohio River. However,
for purposes of this repon. I.be term "upper
Mississippi River" will refer to that reach ofI.be
Mississippi upslfeam from lbe confluence of
the Missouri and Mississippi rivers, and me
"lower Mississippi River'· will include the
relch downslfeam from lhe confluence of the
l'o'lissouri and Mississippi rivers.

The upper MisSisSippi River drains
approximately 171,300 square miles, of which
aboul 7,790 square miles is in Missouri and
accounts for about 11.2 percent of the Slale.
Average annual runofTfrom this area in Missouri
ranges from about 7 inches in the northwest
corner to aboul 10 ind1es in the soulheasl near
St. Louis. ll1e drainage pallcrns of !.he north
ern tributaries in lhis area are quite similar.
Basins are southeast lfending, and are gener·
ally relatively long with respect to their widtll.
several of the basins have their headwaters in
soulheaslern Iowa. Figure 17 shows l..he drain
age area of ute upper Mississippi River basin
in Missouri, and gives the names and localions
of major lfibuLar)' weams.

Most of nonheast Missouri is covered by
a thick mantle ofglacial drift ranging from zero
to more than 300 feet thick, and averaging
about 100 feel thick. The glacial materials in
tIlis region are generally thickest in dte upland
areas in Schuyler Counly, and thinnest or
absent along the lower reaches of l..he major
streams in dte central and southeastern pari of
the area. Loess, which is wind-blown Sill
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derived from the floodplains of major rivers
and deposil,ed on the uplands during the
PleislOcene (Ice Age), covers pan of me Mis
stssippi River basin in Missouri. 1he loess
is generally lhidcesr. aJong the bluffs adjacent to
lbe Mississippi River, thinning 10 me west.. Re

petitive Hmesrone, sandstone, and shale forma
tions of Pennsyivanian·age underlie lbe drifi in
the wesern pan of lhe basin; Mississippian-age
Umeslones and shales and older sedimentary
rock underlie the drift in the ea.sre:m pan of the
basin. particularly along me Lincoln fold The
Lincoln Fold is a northwesl.-nending anlidine
that parallels the Mississippi River through lin
coln, Pike, RaU.s, and Marion counties.

The flow characteristics of tnOSI of the
rivers in this area show similar pauer-ns.
Groundwater inflow into the streams is typi
cally low, even dUring wet weather. During
extended drougtHS, most of the rivers have
periods of no flow.

1he chemical quality of water in streams
in this area is generally good. The waler is
normaJly a calcium·magnesium-bicarbonate
rype. Total dissolved solids are generally less
than 500 milligrams per liter (mgll). Sulfate is
present in moderale levels in many of the
rivers, bUl is generally less than 150 mgll.
Nitrate, anunonia, and phosphate levels are
ordinarily below I mgll, but elevated levels
can occur due to agriculrural wastes, chemical
fertiliZers, and wastewater discharges. Bacte
ria levels are variable, depending on season
and wasTewater inflows. Suspended sedi
ment content is often high, and increases
greatly after heavy precipitation (Gann and
others, 1971).

Most of lhe lawns in lhe basin, especially
in lhe nonhern part, depend on surface water
for public water supply and have reservoirs.
Several either use an intake in a river, or
supplement reservoir storage with water from
a stream. Groundwater resources in most of
northeastern J\1issouri are poor. The glacial
drift typically does nOl contain appreciable
dean sand. and supplies only modest Quanti
ties of waler of marginal quality. Several
towns in the soul.bern part oflhe region, south
of lhe fresh w:ouer-saline water transition zone,

use deep wells thal produce from bedrock
aquifers. Rural residents nOI using water from
public water supply dislricts typically use
shallow wells or cisterns for domestic needs.
Public water from rural water districts is avail
able in part of the area. Glacial drift in the area
is typically suitable for developing ponds.
which are widely used for Slack walering and,
10 a much lesser extent, for private surface
water supply.

DEs MOINES RIvER
The Des Moines River, which drains

much of soulheastern Iowa. has a total drain
age area of about 15,000 square miles. How
ever, only about 80 square miles of me drain·
age basin lies in Missouri. The Des Moines
River forms lhe northern boundary of lhe Stale
for aboul a 20 mile reach in Clark County.
Because of row-crop farming. the river carries
a high sedimem load and typically has a
relatively high nitrate level.

Fox IlI\'ER
lbe Fox River rises in soulheast Iowa,

and enters lhe MtsslsslPP' River about six
miles below lhe mouth of the Des Moines
River in Clark County. 1he basin contains
about 502 square miles with about 278 SQuare
miles in Missouri. The Fox drains much of
Clark County and the northeasl corner of
Scotland Counry. Like many of lhe northern
Missouri streams, the basin is relatively long
and narrow. It is about 75 miles long, butal the
mOst only about 10 miles wide.

Upstream from Waylaud, the Fox River
drains aboUl 400 SQuare miles. From 1933
through 1993, discharge has averaged 262 fi'/sec
(about 8.9 in/yr). Average yearly runoffat lhis
point is about 189,900 ac-fL The highesr
average annual flow, 927 ft'/sec, occurred in
water year 1993. The water year wiili the
lowest average annual flow was 1956 when it
averaged only 17.6 ft'/sec. Peak recorded
flow was April 22, 1973, at 26,400 ft'/sec.

Figure 18 is a flow-duration curve for the
Fox River at WaytaruJ. Historically, flow of
the river a( Wayland is less than 2.0 fi}/sec 10
percent of tlle time. Fifty percent of the time
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the now is less man 37 ft'/sec. Zero now
condilions have been observed during several
years. Based on 1922·]959 now data, Skellon
(966) detennined the 7-<b.y Q1 for me Fox
River al Wayland 10 be 1.1 fl'/see. The 7-day
Q

IO
wascaJculaled 10 be zero. The7-<1ayQlfor

a stream is the 7 day low-now discharge that
has a recurrence interval of two years. j\·tore
specifically, me 7-day Q

1
for a sU'eam is the

average minimum now for 7 consecutive days
lhal has a recurrence inlcrval of2 years. In any
year, Ihere is a 50 percenl chance that the
average minimum discharge for 7 consecutive
days will be less t.han the 7-d1.Y Q

1
value. nlC

7-day Q2 values are useful for evaluating the
ability of a stream 10 provide a given volume
of waler during droughl periods.

WYACONDA RrvER.
The Wyaconda River consislS of nonh

ern and southern lributaries, both of which
rise in soulhea.stem Iowa. The basin drains
aboul 458 square miles. of which about 336
square miles lies in Missouri. lIS walershed is
extremely narrow. generally ranging in width
from 5 108 miles uUOUghOUI ilS 70 mile lengt.h.
It drains parts of Scotland. Clark. and Lewis
counties. lear Coman. where il drains 393
square miles. it bas an average annual runoff
of 8.9 ind1es and an average annual discharge
of 259 fI'/see. Flow is less !.han 1.9 ft'/sec 10
percent of !.he lime. and less than 30 ft'/sec 50
percent of the time. ll1e water-year of lowesl
runoff. based on records from 1932 to 1993,
was 1989 when il averaged 14.2 ft.'/sec. Water
year 1993 was me highest-now year on record
when discharge averaged 861 ft'/sec.

The City of Wyaconda has a w.ner-sup
ply reservoir in mis watershed. n1e reservoir
is on a tribulaIYof me Wyaconda River, and
has a surface area of aboul 8 acres (DEQ,
1991). Reservoir storage is supplememed by
pumping from me Soutb Wyaconda River.

FABIUS lbvER
The Fabius River has ilS headwalers in

extreme southeaslem Iowa, and consists of
major north, middle, and south tributaries.

n1e North Fabius is joined by ilS main
tribulat)', the Middle Fabius, upsueam of
Taylor. The Soul/) Fab/us joins lhe com
bined i\"orth and Middle Fabius .several miles
downslream ofTaylor. The tOlal drainage area
is aboul1,570 square miles; Missouri contains
1,470 square miles of the walershed. The
basin is about 8) miles long, and as much as 25
miles wide. Most of Schuyler and Knox coun
lies, and parts of Scotland, Lewis, Adair, and
Marion counties drain inlO me FabiUS.

There are ] 3 reservoirs in me basin that
provide public water supplies:

'Lancaster has tWO reservoirs U1al fur
nish municipal waler. The old reservoir has a
surface area of aboul 10 acres, and the new
rcservoir about 41 acres.

'Downing uses an IS-acre lake for mu
nicipal water supply.

'Memphis uses three reservoirs having
2.06 acres, 42.6 acres, and 247.6 acres of
surface areas.

'Edina uses two lakes haVing 14 acres
and 42 acres of surface area.

,l.euislowtlusesa 31·acre lake. and Lewis
County PWSD #"1 has a 6O-acre reservoir.

'Bari'~g uses an 81-acre reservoir at a
local country dub.

• laBelle uses £wo reservoirs haVing 17
acres and 162 acres of surface area.

There are no gaging st.alions on me main
stem of!.heFabius River belowlhe confluence
of its various forks. At Monticello, !.he North
Fabius drains about 452 square miles. From
1922 lhrough 1993, me stream here averaged
8.82 inches of runoff. Average annual dis
charge was 294 ft'/see. The years of highest
and lowest average flows were 1993 when
now averaged 923 ft'/see, and 1989 when
average flow for lhe year was 18.0 ft3/sec.
Peak discharge at this station was 20,700 ft'/.sec
on April 22, 1973; minimum flow is zero,
which has occurred many times throughout
the period of record. Discharge of lhe stream
is less Ihan 4 fl'/sec aboUl 10 percenl of
Ihe time, and less than 45 fl'/sec about 50
percenl of the time. The 7·day Q

1
for the

North Fabius al Monticello is 2.1 ft'lsec
(Skelton, 1966).
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TheMlddle Fabius Rtvernear MOI1/icelJo
drains 393 square miles, and from 1945 through
1993 iLS average runoff was 9.52 indles. Average
flow for the period of record is 275 ft'/sec. Water
years of highest and lowesr average annual flows
were 1993, when flow averaged 837 ft'/sec, and
1989, when iLaveraged 18.7 ft'/sec. The highest
inslalllaneOus discharge ever recorded at the
station occurred April 23, 1973, when it was
15,100 ftY.sec. Periods of no flow have been
observed many times during dry weather, and
the 7-day Q2is 0.8 ft' (Skehon, 19(6).

The South Fabius River near Taylor
drains 620 square miles and, based on dis
charge dara. collected from 1934 through 1993,
has a average annual runoff of 8.94 inches.
Average discharge throughout the period of
record is 408 fL'/sec. Figure 19 shows average
daily discharge for Lhe stream during years of

lowesL and highest recorded flows. In 1989,
average discharge for lhe year was only 27.4
ft'/sec. In 1993, average discharge was 1,147
ft3/sec. Peak recorded flow was on June 8,
1947, aL 19,700 ft'/sec, and mere have been
severaJ instances of no flow. Figure 20 is a
flow-duration curve for the Fabhls River
near Taylor. AbouL 10 percent of the time,
flow is less Ihan 4 ft'/sec, and 50 percent of l.he
time flow is less than S9 ft'/sec. Skelron (1966)
shows a 7-day Q~ of 1.2 ft'/sec for the stream.

NORm RIvER
The Nortb River drains a 382 mil area

immediaLelysouth oftheFabtus River basin.
Most of me drainage is in Shelby and Marion
counties, bULaisoindudesasmall part of Knox
County. The basin is abouL 55 miles long, a
maximum of 14 miles wide, and enrers me
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MississiPPi River some 3 miles downsLream
of the mouth of the fabius River. Al Palmyra,
about 7 miles upstream from ..he mouth, the
river drains 373 square miles and has an
average runoff rate of 9.61 inches, based on
data collected between 1934 and 1993. Aver
age discharge throughout this period was 264
fl 3/sec. The water year of highesl flow was
1973 when it averaged 748 ft 3/sec. Lowest
average annual flow occurred in water year
1989 when it wa.s 22.1 ft 3/sec. lhere have
been numerous periods of no flow.

Like all northeast Missouri streams. !.he
Nortb River has a poorly-sustained base flow
dUring dry weather. About 10 percent of the
time, flow is less th3Jl 3.2 ft3/scc. Flows of less
than 39 f13/sec occur 50 percem of the time.

SALT RIvER
lhe Salt River basin is me largesl Mis

stssipPiRiver tributary north of lheMissourl
River in Missouri. In northern Missouri it is
exceeded in drainage area only by the Grand
River basin. The SaIL drains 2,920 square
miles, aU in Missouri. Its headwalers are in
Schuyler County, and 11 drains all or parts of
Adair, Knox, Callaway. Macon, Pike, Shelby.
Randolph. Boone, Monroe, Ralls, and Audrain
counties. l1le river flows into the Mississip
pi River near Louisialla. l1le basin is aboul
125 miles long, and up to 40 miles wide. TIle
Salt consists of three major forks, largest of
which is the souulernmost. The South Fork
Salt Riverdrains 1.220square miles. Clarence
Cannon Dam, the U.S. Army Corps of Engi
neers Reservoir whidl forms Mark Twain
Lake, impounds waler in Ralls and Monroe
counties, and regulates flow of the lower Sah
River.

'Ibere are numerous gagingstalions With
in the Salt River basin. The NorllJ Fork Salt
River near Sbelbi,za drains 481 square miles
and has an average annual runoff of 8.19
inches, based on 47 years of record between
1930 and 1993. Average disch:J.rge l.hroughout
the period of record is 290 ft 3/sec. Water years
of lowest and highesl flows were 1989 and
1993, respectively, when average yearly flows
were 36.2 f13/sec and 1.037 ft 3/sec. Peak

BaSin Descripliolls OfA1iSsOuri Surface Water Resources

recorded now occurred June 7, 1947, al23,000
ft3/sec; periods of zero flow occur during
extremely dry weather. Discharges of less
than 1.5 ft3/sec occur aboul 10 percent of lhe
time, and flow is less lhan 30 ftJ/sec 50 percent
of the time.

The Middle Fork Salt River, measured
al Paris, hasa higher runoff rale of9.79 inches.
The river here drains 356 square miles, and
has an average flow of 257 ft3/sec. In waTer
year 1973, Lhe year of highesl average flow,
discharge averaged 743 ft 3/sec. Lowesl aver
age annual flow was during waler year 1956
when it averaged 53.1 ftJ/sec. 11le highest
flow ever recorded al Paris was AprU 21, 1973,
when discharge peaked al 45,000 ft 3/sec; zero
flow occurs during extended dry wealher.
Discharge of the river here is less 30 ftJ/sec

aboUl 50 percent of the Lime, and less Lhan 1.8
ftJ/sec 10 percenl of the time.

The South Fork Salt River above Same
Fe drains about 233 square miles, and be·
£ween 1940 and 1993 it had an average annual
runoff of Lt.31 inches. Average flow of the
stream here is L94 ftJ/sec, WiUl highesl and
lowest average annual discharges occurring in
water years 1969 and 1954, respectively, at
509 ft 3/sec and 10.7 ft3/sec. Peak discharge
here occurred Seplember 23. 1993, at 31,800
ft3/sec. Flow is less than 1.4 ftJ/scc 10 percent
of me lime, and less than 16 ft3/sec 50 percent
of the time.

Figure 21 is a flow-duration curve for the
Salt River al New wlIdcm, based on data
collecled belween waler years 1923 and 1993.
The curve shows low base flow conditions.
However, much of ule data were collecr.ed
prior 10 construction ofClarence Cannon Dam.
Today, releases from Mark Twain Lake help
to sustain higher base-flows in the Sail River
downstream from the dam. Only aboul 5
percent of the 2,480 square miles of drainage
upslream from New London is nO[ regulated
by Clarence Cannon Dam. Average annual
flow here is 1.721 ftVsec (aboul 9.43 inches).
Water years of highest and lowesl average
annual flows were 1973 and 1989, respective
ly. al 4,692 ft 3/sec and 307 ft 3/sec. Peak
recorded flow al this stalion is 107.000 f13/sec,
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which occurred on April 22, 1973. Periods of
no now occurred during an extended drought
in 1934 and 1936.

Mark Twain Lake, impounded by
Clarence Cannon Dam, is Lhe only major res
ervoir in northeaslern Missouri in theAUssts
StpPI River basin. Construction of Clarence
Cannon Dam which fonus me lake was ftn
ished in 1984. Upstream from the dam me
reservoir drains 2.318 square miles. Clarence
Cannon Dam is 1940 ft long and 138ft high. Al
multipurpose pool level (elevation 606 fl), me
surface area of Mark Twain Lake is 18.600
acres, and storage is 457,000 ac-ft. flood
cOnlrol pool level is 638 ft, l..he surface area at
this elevation is 38.400 acres, and storage is
1,428,000 ac-ft.

Mark Twain Lake is used for flcxxl
control, recreation, and waler supply. It is
capable of supplying about 16 million gallons
of water per day (mgd) from ilS 20,000 ac-ft of
water-supply storage with a 2 percent chance
of deficiency. TIte Clarence Cannon Whole
sale Water CollUllission (CCWWC) currently
distributes waler from the reservoir 10 a large
area around me reservoir. Besides supplying
water to residents in the Sail River basin,
water from Mark Twain Lake is being used
by residents in adjoining watersheds.

Besides Mark Twain Lake, there are
about 12 oLher municipal water supply reser
voirs in the Sail River basin, altllough some
of these are not currently in use:

'Schuyler County PWSO Fl uses a 29
acre lake near Queen City in me upper part of
the NortlJ Fork Sail River watershed.

6La Plata has two reservoirs contain
in g 26 and 81 acres of surface area.

6aarence has two reservoirs with 18
acres and 31 acres of surface area.

6Sbell7yuille fonnerly used a 29-acre res
ervoir, but now uses waler fromMark Twain
Lake (CCWWC). Nearby Sbelbi"a has a 45
acre reservoir but also pumps from the North
Fork Sail River into the resen>oir.

6Monroe Oty has three reservoirs with
surface aTeas of 20 acres, 43 acres, and 131
acres.

6 Perry is supplied from Mark Twain
Lake by the CCWWC, but previously used 2

Basin DesCri~IO'1SofMISSOuri SlIrfael! Waler Rescmrr::es

reservoirs with 7.4 and 15 acres of surface
areas.

6Ralls County P\VSD #1 fonnerly used 3
purnp·storagc reservoir with waler pumped
from me river, bUI is now supplied from
Hannibal.

6Paris and New London fonnerly used
surface waler directly from intakes in the
&flddJe Fork Sau River and sau River.
respectively. Now bom obtain water from me
CCWWC.

In addition to me above, ~fark Twain
Lake through me CCWWC also supplies pan
or all of me waler used by Shelby County
PWSD l'-t, Knox County PSWO __I, Monroe
County PWSD '2, Marion County PWSD ~I,

and Cannon PWSD #"1. To the west in the
Chariton River basin Mark Twain Lake water is
supplied 10 HuntsVille and lbomas Hill PWSO
#1. Higbee, in Bonne Femme Creek basin also
uses waler from Mark Twain Lake.

CuvRE RIv>Jl
TIle Odvre River is the southernmost

major river basin on me upper Mlsstsslppl
River in non.heasl Missouri. It is about 60
miJes long and 40 miles Wide, and drains 1,230
square miles in Audrain, Pike, Lincoln,
Montgomery, Warren, and Sl Charles coun
ties. Pennsylvanian-age strata fonTIS the bed
rock surface throughout the central and west
ern watershed; Mississippian-age and older
formations underlie the lower part of Lhe
basin. Glacial Orift is thickest in the upper
w3tershed and thins to the easL

TIle Odvre River near Troy, which
drains about 903 mi2, has an average discharge
of666 ft'lsec and an annual runoff rate ofl 0.01
inches. Highest and lowest average annual
discharges occurred in water years 1993 and
1954, respectively. Average discharge for
water year 1993 was 2,186 ft-'lsec, and for
waler year 1954 it was 27.4 ft)/sec. Peak
recorded Oowfor the river near Troy is 120,000
ft'lsec, which occurred October 5, 1941. Pe
riods of no discharge have occurred several
times. figure 22 is a flow-duration curve for
me OIlvre River near Troy. It shows flow
duration characteristics quite similar to othCJ"
rivers in northeast Missouri. Based on 64 years
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of records between 1922 and 1993, fiow is less
than 5.4 fl3/sec 10 percenl of lhe time, and less
than 88 fl'/sec 50 percent of the lime.

The City of Vatu/alia in Audrain County
uses a 37-acre reservoir in the upper part of
C4ivre River walershed for waler supply.

01H.ER UPPal MISSISSIPPI RrvER TluBUTAlUES

TIle upper Mlsstssippt River tributar
ies discussed previously drain about 6,700
square miles. The remaining 1,090 square
miles of III is area of northeast Missouri is
drained by a number ofsmaller watersheds. In
downstream order, these include the South
River, Bear Creek, Nob: Creek, Buffalo
Creek, Ramsey Creek, Guinns Creek,
Bryants Creek, Bobs Creek. Peroque
Creek, and Dardenne <reek. Very Iinle
discharge information is available for these
smaller streams and their walersheds. Bear
Creek, which is near Hanniba~ is an excep·
tion. Upstream from the gaging slation, which
is 4.65 miles from ilS mouth, Bear O"eek
drains about 31 square miles. Average dis
charge for 51 years of records is 21.1 ft3/sec
(aboul 9.24 in.lyr of runoff). A flood control
reservoir aboul 1 mile upstream from the
gaging slalion regulates high nows.

TIle City of Bowling Green in Pike Coun·
ty uses two reservoirs in the upper walershed
ofNoix Creek for water supply. The newesl
reservoir has a surface area of45 acres, and the
older has a surface area of 20 acres.

MAIN STEM MIssIssIPPI RIvER
Flow of lheMlssissippiRiver upstream

from St. louis is panly regulated by a series of
27 locks and dams thai are used 10 maintain a
navigation channel in the river. The upper
most lock and dam that directly affeclS the
state of Missouri is lock and dam no. 19 at
Keokuk, Iowa. The downstream-most dam on
the Mississippi, no. 27, is a few miles below
the confluence oftheMlssourl and Mississip·
pi rivers. IlS navigation lock, however, is a few
miles southeasl of the dam near the mouth of
the Chain of Rocks Canal at Gratlite City,
Illinois. Between Keokuk and 51. Louis are

Basin Descri/XioflS ofMissouri Surface Waler Resources

locks and dams al Camon.. West Quincy, Salr
erton, Clarksville, Winfield, and West Alton

The USGS gaging station at Grafton, Illi
nois, is me only gaging station on the upper
MississiPPi River in Missouri. Howcver,
another gaging station is located aE Keokuk,
Iowa, jusl 2.7 miles upstream from Ihe mouth
of the Des Moines River.

Discharge of tile Mlsstsstppi River has
been measured at Keokuk since 1878. Up~

stream from here, the rivcr drains an area of
about 119,000 square miles. Average dis-
charge at Keokuk is 65,380 ft'/sec, and aver·
age annual runoff is 7.46 inches. Water year
1993 had the highest average annual flow of
162,500 ft'/sec. Peak discharge for the station
also occurred in 1993. On ]uJy 10, discharge
peaked at 446,000 ft'/sec. In water year 1934,
Ihe year of lowest average flow, discharge
averaged 21,540 ft'/sec. nlC lowest daily flow
ever measured here was 5,000 ft'/sec, which
was recorded December 27, 1933. Discharge
of the Mississippi River at Keokuk exceeds
23.000 ft'/sec 90 percenl of the time, and is
more than 49,600 ft3/sec 50 percent of the time

Upstream from Grajton, Illinois, just
downstream of the confluence of the Winois
and Mississippi rivers. the Mississippi drains
aboul 171,000 mi2, but only aboUI 4.6 percent
of this area lies in Missouri. Drainage from
Missouri provides about 5 percent of the flow
of the Mississippi River here.

Between 1879 and 1892, and from 1929
through 1993, the MississiPPi River at
GrajtOtI had an average discharge of 122,800
ft'/sec. Water year 1993 had the highest
annual flow with an average discharge of
250,800 ft'/sec, and the highesl peak flow
ever recorded at the station. On August 1,
1993, discharge peaked at 598,000 f1'/sec.
LoweSl recorded flow was on December 14,
1988, at 20,100 ft3/sec. \'(Ialer year 1989 was
the lowest year of flow for the Mississippi
River here when it averaged 53,600 ft'/sec.
Average annual runoff for the basin is 9.74
inches. Figure 23 is a flow-<1uration curve for
the Mississippi River at Grafton based on 106
years of record between 1887 and 1993. Dur
ing this period, flow exceeded 36,400 fi3/sec
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300m 90 percent of me lime, and 92,400 ft3/sec
aboUI 50 percenl of the time. Flows of more
than 250,000 ftJ/sec occurred 10 percent of
Ihe lime.

Belween Keokuk and Grajton., !.he aver
age flow of the MississiPpi River increases
aboul 57,420 ft3/sec (aboul 88 percent). Aver
age annual runoff increases 2.28 inches(aooul
31 percent). The drainage area increases
aooul 52,300 square miles, or aboul 44 per
cent. Only about 15 percent of the increase in
drainage area is from Missouri Most of me
remaining drainage area increase is from me
Des Mol-nes River basin, which drains much
of central and soumeastern Iowa, and the
mlnols R'lver, which drains much of north
ern Illinois.

Three cities in northeastern Missouri rely
on the upper MississipPi River for water
supply. CarLton, Hamzibal, and LouisiatUJall
have water-supply intakes that produce from
the river.

MISSOURI RIVER lRIBUfARIES
NORTH OF 11IE MISSOURI RIVER

ll1e Missouri River drains approxi~

marely 52.4 percent of the Slate, an area of
aboUi 36,537 square miles. About 44 percent

of this, an area of about 16,245 square miles,
lies nonll of the river (figure 24).

Like the upper MississiPPi River ba~

sin in northeastern Missouri, north-centraJ and
northWCSlern Missouri have been gJaci:ned.
Glacial materials in this area are also unconsol
idated deposits of clay. silt. sand. and gravel
mat may be as much as 300 feet !.hick, but
average about 100 feel. The shallow glacial till
has a low permeabiliry, and does not contrib
ule appreciable amOUnlS of groundwaler to
area streams. Preglacial valleys thai were
nUed with glacial drift are more W3ter~produc

tive. These valleys are typically well below
the level of the present drainage and do not
provide measurable inflow to sueams, but
wells producing from them are u.sed to meet
some ofthe water supply needs of a fewwwns
in me area. The glacial drift is underlain by
Pennsylvanian-age bedrock throughOUt much of
the area e:~cept in the south-eentral and south~

eastern regions where Mississippian-age and
older rock formations fonn the bedrock surface.

The quality ofsurface waler in north-central
and northwestern Missouri is generally good
Like in northeastern Missouri, the waler is gener
ally a moderately mineralized caldum~magne

sium-bicarbonale rype, and tola! dissolved solids
are typicaHy below 500 mgll. Sulfate and
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Figure 24. Missouri River tributaries north of the MisSOuri River.
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chloride are generally present at moderate
levels, but are nonnally less than 150 mg/l
each. Runoff from agricullural areas can con
tribute bacteria, nutrient.'s, and peslicides to
surface streams. Waslewater discharges from
lawns increase bacteria levels and contribute
nutrients to t.hestreams. Discharge from aban·
doned, unreclaimed coaJ mines in !.be Chari·
ton River basin adversely affect the quality of
water in the receiving stream, especiaJly dur
ing periods of low flow. Sulfate. iron, and
manganese contents can be well above public
drinking waler standards at times.

'fARKJO RJvER
Ashort reach of the Ntslmabotna River

crosses from lowa to the Missouri River in
the extreme northwestern comer of the state,
but for practical purposes the northwestern
most major Missouri River tributary in north·
west Missouri is the Tarkio River. The
Tarkio River drains about 534 square miles in
northwes( Missouri in Atchison, Holt, and
Nodaway counties, and an additionaJ area of
southwestern Iowa. several deeadesago, chan
nel improvement pro;ects straightened much of
the lower readl. The mouth of the river was
moved about 20 miles upstream of its former
location, thus separating the main basin from
196 square miles of drainage from the LUlie
Tarkio River, its fonner principal tributary.

1be Tarkio River is currently ungaged.
Previously, there was a gaging station on the
Tarkio River al Fairfax. Upstream from here,
the Tarkio drains about 508 square miles, and
average flow between 1922 and 1990 was 209
ft'/sec (5.59 in.lyr of runoff). Highest annual
average flow was in water year 19f51 when it
averaged 677 ft'/sec, and the year of lowest
flow was water year 1934 when it averaged
only 23.6 ft'/sec. Peak recorded flow was on
June 20, 1942, al 16,300 fl'/sec; periods of no
flow have occurred several years. Flow of the
Tarkio at this location is grealer lhan 4.3 ft'/sec
95 percemofthe time, and greater than 65 ft'/sec
50 percent of the time. There are no public
water supply reservoirs or public water sup·
ply surface waler intakes in the Tarkio River
basin in Missouri.

NODAWA.Y RIvmt
TIleNodaUJay River drains1,700 square

miles of southwestern Iowa and northwestern
MissourL About 586 mi2 of the drainage is in
Missouri in Nodaway, Andrew, and Holt coun
ties. nle basin is some 115 miles long, and
onJy 10 to 12 miles wide in Missouri, making
it one of the narrower basins in the state. It
flows uno the Missouri River in southwestern
Andrew Coumy. Much of the channel has
been straightened to decrease flooding of
farm land along Ihe river.

Upstream from Graham, the Nodaway
River drains 1,380 square miJes. In the 11 year
period berween 1982 and 1993, flow here
averaged 1,052 ft'/sccj average annual runoff
was 10.36 inches. The water year of highest
average flow was 1993 when it was 2,870
ft'/sec. The highest recorded flow occurred
September 22, 1993, when discharge peaked
at 90,700 ft'/see. In water year 1985, the year
of lowest average flow, discharge averaged
320 ft'/see. 'nle lowest recorded flow was
measured September 9, 1985, at 23 ft'/sec.
Discharge here exceeds 67 ft'/sec 90 percem
of the time, and is greater than 456 ft'/sec SO
percent of the time.

Flow infonnalion fora longer periodoftime
is available from a now-discontinued gaging
Slalion near Burlingtanju1ZClion, aboUl15 miles
upstream from Graham, where the Nodaway
River drains 1,38) square miles. Dam were
collected here from 1922 to 1983. Average flow
during this period was 588 fiNsec (6.11 in/yr
runoff). Peak recorded flow here is 46,000
ft'/sec, which occurred October 11, 1973. ft..1in.

imum recorded now occurred AUgusl 7, 1934,
when it measured only 1.1 ftllsec. Currently, the
basin contains no public water supply reservoirs,
and no public water supply intakes produce
from dIe river or its lribularies.

PlAnE Rmot
lbe Plntte River basin consists of a

2,440 square mile area of northwestern
Missouri and southwestern Iowa. In Missouri,
the basin conmins 1,640 square miles, and
consjslS of [wo major tributaries-The One
Hundred and Two River. and !he LllIle



Platte River. The Plane drains pans of
Nodaway. Wonh, Genlty, Buchanan, Clinton,
Plane, Clay, Andrew, and De KaJbcounties. Il
flows intO the Missouri River about 20 mi
northwest of Kansas Cil)~ Like many northern
Missouri streams. there was extensive channel
modification and slt'aightening on the Plane
River earlier in this cenrury to help decrease
flooding of adjacent farm land.

Upstream from the USGS gaging sr.alion
ncar Agency, the PlaNe River drains aboUl
1.760 square miJes; the drainage indudes the
One Hundred and Two River. Between
1932 and 1993. average discharge here was
976 ft'/see. Basin runoff averaged 7.53 in/yr.
The 'Water year of highest average flow was
1993 when it was 4.108ft'/see; the lowest flow
year was 1934 when it averaged 67.4 ft)/sec.
Peak flow for the site occurred July 25. 1993,
at 60,&10 f{<'/see. Periods of no flow have been
observed several limes. Figure 25 is a flow
duration curve of the Plane River near AgetlCY.
Discharges greater t.ban 21 ft'/sec occur 90
percent of the time here. and now exceeds 185
Et'/sec 50 percenl of the time.

The City of Gower in Clinton County near
the Buchanan Counly line fonnerly used a 15
acre reservoir constructe<! on a tributary of the
Platte River. Currently. the town is supplied
by 51. joseph ~lfough Andrew Counry PWSD
.2 and De Kalb County PWSD ~1.

One Hundred and Two River
n>e One Hundred and Two River is a

major triburaryofthe Platte. Its head'Walers are
in southwestern Iowa, and it drains much of
the western pan of the Platte River basin.
Though more than 60 miJes long, the basin
does not exceed about 10 miJes in width in
Missouri.

Al Maryville. the One Hundred and Two
drains an area of aboOl 515 square miles. In
the 58 year period berween 1932 and 1990,
flow here averaged 238 fe/sec. AnnuaJ runoff
averaged 6.26 inches. The water years of
highest and lowesl average annual flow were
1982 and 1934. respectively, when nows aver
aged 6S6 fl'/sec and 18.6 ft'/see. Peak record·
ed flow for !.he river here occurred October 12,
1973 at 25.500 fl'/sec. Perioo.s of no now have

Basi,z Descriplkms ojMissouri Surface WaleI' ResOtm:es

occurred several times. Flow here exceeds 1.1
Et'/sec 90 percent of the time. and 31 ft'/sec 50
percent of the time.

The City of Maryville has a water intake
on the One Hundred and Two River. Water
is pumped from me river to a nearby storage
reservoir. NonnaJly, me flow of the river is
adequate to meet the needs of its users, but the
reservoir is necessary to store water for use
during periods of low river flow. A large
reservoir mat will have a su.rface area ofabout
1,009 acres was recently completed by the city
(Alexander, 1995; personal corrun.). TIle dam
is on Mozingo creek, a One Hundred and
Two River tributary, about 4 miles east. of
Maryf);/le. Besides water supply, the reservoir
will also be used for recreation and flcxxl storage.

Little Plane River
The LUtle Platte River drains the south

eaStern part of the Platte River basin.
SmtthvUle Rese1Volr, a multipurpose U.S.
Army Corps of Engineers reservoir, is near me
town of Smilbville on me lower Little Plane
River. Il was constructed for flood control,
water supply, water-quality contro!. recre·
ation, and Hsh and wildlife enhancement. The
multipurpose pool comains 144,600 ac-ft of
Storage. At its maximum elevation, lhe flood
control pool contains 10) ,BOO ac-ft of storage,
and the surcharge pool contains another
182,209 ac·ft The reservoir supplies water to
the towns of Smithville and Plaltsbut-g.
SmilJwille in turn supplies Plane Counry Wa·
ter Supply districts #2, #4, ~8 and #'9. Plans
burg supplies the City of EdgertOtl and Climon
County Public Water Supply districts #1, #2,
and _4. In addition, Smithville has a 12 acre
lake, and also pumps from the Linle Plane
River. Kansas Ciry o\Vnes much of the water
supply Storage in Smithville Reservoir, bUl
is not currently using iL

Al Smilbville. 2.4 mi downstream of
SmttbvUle Rese1Volr, the Little Platte Rlv·
erdrains 234 square miles. Between 1965 and
1993, the river had an average discharge of 168
ft'/see. Flow has been regulated here since
the resen'oir began ntling in 1977. Prior to that
there were many years when periods of no
flow occurred. Water years of highest and
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lowest average flows were 1993 and 1988,
respectively, when discharge averaged 476
ft)/sec and 35.4 fr)/sec. Peak recorded flow
was july 20, 1965, when discharge was 76,600
ft)/sec. Flow here exceeds 4,8 ft)/sec 90
percent of the time, and 27 ft)/sec 50 percent
of the time.

GRAND RlVER
lbe Grand River is the largest nonhern

Missouri tributary. Rising in southwesl Iowa.
il drains all of Harrison, Mercer, Grundy,
Daviess, and Livingslon counties, and partS of
Worth, Putnam. Gentry, De Kalb, Clinlon,
Caldwell, Carroll, Chariton, linn and Sullivan
counties in Missouri. The basin is about 150
miles long and 90 miles Wide, and contains
some 7,900 square miles of drainage, of whidl
about 80 percent (6,320 square miles), is in
Missouri. Much of the channel of me Grand
and its major tributaries have been straight
ened 10 decrease flooding. The Grand has
several majortributariesindudingtheTbomp·
son River, Shoal Creek, Medicine Creek,
Locrlst Creek, and YeUow Creek, all with
more than 500 square miles of drainage.

Upstream from Gallatinin DaviessCoun
ty, the GrandRiver drains about 2,250 square
miles. Between 1921 and 1993, the river here
had an average discharge of 1,228 ft)/sec, and
an average annual runolf of 7.42 inches. The
water year of highesl average flow was 1993
when discharge averaged 5,740 ft)/sec. Peak
recorded flow occurred Ihe same year when il
reached 89,800 ft)/sec on july 7. Lowest
average flow was in waler year 1938 when il
averaged 129 ft)/.sec. Lowest recorded flow 'WaS

2.0 ft)/sec, wh.ich occurred on August 30, 1980.
figure 26 is a flow-duration curve for the Grand
River at Gallatin. Discharge of the river here
exceeds 26 ftV.sec 90 percent of me time, and is
greater than 213 ft.3l.sec SO percenl of me time.

Fanher downstream, near the town of
Sum1ler, the GrandRtverdrains6,880 square
miles and has a considerably higher average
discharge, 4,112 fi'/sec, based on data collect
ed between 1923 and 1993. Average annual
runoff near Sumner is 8.12 in which is slightly
greater than at Gallatin. Like al Gallatin, waler
year 1993 marked me highest average annual

Basin DeSCri{twllS ofMissouri Surface \Vazer Resources

flow, 17,390 ft)/sec. However, the highest
recorded flow a( Sumner occurred June 7,
1947, at 180,000 fl)/sec. The lowesl flow
water year on record was 1934 when dis
charge averaged 367 ft)/sec; minimum re
corded flow was 10 ft)/sec on August 12.
Figure 27 shows average daily flows for !.he
river for waler years 1993 and 1934. Figure 28
is a flow-duration curve for (he river near
Sumner. Discharge here exceeds 123 ft)/sec
90 percent of the time, and 965 ft)/sec 50
percent of the time.

The Tbompson River is the largesl trib
uwyofthe GrandRiver. Draining the nortll
central parl of the Grand River basin, it begins
in south-centrallowa and joins with the Grand
about 4 miles southwest of Cbil/ic(){be. 11 has
a total drainage area of about 2,200 square
miles, with 1,250 square miles of drainage in
Missouri.

Upstream from Tre1ll01l, the l1;Jompson
River drains 1,670 square miles. Belween
1921-1923 and 1928-1993 the river here had
an average discharge of 1,021 ft)/sec and an
average annual runoff of 8.31 inches. Waler
years 1993 and 1934 were me highest and
lowest average flow years, respectively. In
water year 1993, flow averaged 3,576 ft3/seC.
Peak recorded flow did not occur in 1993-i(
occurred on june 6,1947, and was 95,000 ft3/.sec.
In ~Ieryear1934. average flow was 117 ft)/sec.
lbe lowest flow ever recorded for the river
here was 1.0 ft)/sec on May 17, 1956.

Figure 29 is a flow-duration curve for t.he
Thompson River ar Trentan. Discharge of
the river exceeds 28 fr3/sec 90 percent of the
time. and 50 percenl of the time the flow is
more than 211 ft)/sec. Like nearly all nonhern
Missouri streams, the Thompson bas a poorly
sustained base flow that shows the lack of
groundwat.er inflow imo !.he river.

There are several other major Grand
River U'ibularies of significant size. Shoal
Creek drains aboUl 628 square miles of the
southwestern part of me Grand River basin. It
is the only significant. tributary south of the
Grand River. Medicine, Locust, and Yellow
creeks are narrow, south-trending basins thal
drain the area between the Thompson basin
and the Chariton River basin north of the
Grand. Medicine Creek basin contains 512
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figure 27 Aver.age daily discharge of the Gr.md River near Sumner, water years 19:34 and 1993.

square mHes. Locust creek 631 squaremiJes,
and YeUow creek 593 square miles.

Numerous lowns in the Grand River
basin rely on surface water for lheir water
supply, and there area number of pUblic water
supply reservoirs. However, lhere are no
large reservoirs in the basin.

.Killg City, on Ihe weslcrn edge of
the Grand River basin, uses three reser
voirs built on a tribuLary of the Grand
River.

.Sreckellndge is supplied by an OO·acre
reservoir, supplemented by a well.

• Cameron uses four reservoirs with sur
face areas of 25 acres, 35 acres. 96 acres, and
In acres.

'Maysville has four reservoirs.
.8el-bany has lWO reservoirs with 18

acres and 78 acres of surface area. supple
menled by pumping from Big CreeR. Also.
Bethany has an intake in the new Harrison
Count)' lake

• Ridgeway has a ZQ-acre lake and also
supplemenlS storage by pumping inlO the
reservoir from Big Creek and Rock House
Lake .

• Harrison County PWSD ~1 uses a 40
acre reservoir for waler supply.

.Jamesport has a 13-acre reservoir, and

.Lake Viking in Davies.s County has a
surface area of 550 acres and supplies the
water needs of Lake Viking Subdivision.

.CIJilIicOibe formerly had an intake on
the Grana River to supplemenl ilS public
water supply wells. but currendy uses only
groundwater.

.Merr;er uses a 21-aae reservoir in me
Thompson River basin for pUbliCwalO'" supply.

• Trmucm bas lWO pump·slOrage reser
voirs wilh surface areas of 103 acres and 68
acres lhat are filled by pumping from me
Thompson River.

.Hamil101l- has an ID-acre reservoir on
Tom Creek in the Shoal Creek watershed
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which il supplements by pumping from Mar·
rowbone Creek.

'MilO1l uses IWO reservoirs with 13 acres
and 235 acres of surface area. Bolh are on
tributaries of Locust Creek.

'limu!tls has a 1S~acre reservoir on a
tribUiary of LocUSI Creek.

'Brookfield is supplied from a nO-acre
reservoir impounding a tributary of YeUow
Creek. In addilion, Brookfield pumps from
Yellow Creek 10 lhree impoundmen15 on the
floodplain of Yellow Creek lotalling 34 acres
in surface area.

'Marce/itle has IWO reservoirs, a srnalJ
reservoir in the OJarlJon River baSin and a
newer 200·acre resen'Oir on a tributary of
Yellow Creek.

In addition 10 the aforemenlioned waler·
supply reservoirs and numerous other pri
valely owned lakes and ponds, there are
several major waterfowl areas in the lower
Grand River basin in Chariton and Linn
counties. There are several large. shallow
lakes in Swan Lake National WLldJife Refuge
and Fountain Grove Stale WLldJife Manage·
menl area that are used for walerfowl habilaL

CHARrroN llm:R
TIle CbarUon River is the second larg

esl tributary of the Mtsso"rl River in north
ern Missouri. The basin covers parts ofSchuyier,
Pumam, Sullivan, Adair, Linn, Macon, ChanlOn,
Randolph, and Howard counties.

The river rises in soulh-centrallowa and,
like many northern Missouri streams, is long
and narrow. It is some 150 miles in length and
bas a maximum width ofaboUl22 miles. More
than 50 percenl of lhe channel of l.he OJarl·
ton River has been straighlened. TIle moulh
of the river has been diverted about 6 miles
upslream to help decrease flooding in the
lower reaches. However, t!lis left its major
tributary, the little CharlJon River, a sepa·
rate drainage. ll1e Litl1e Charilon flows inlO
the river near !.he Chariton-Howard county
line at Glasgow. Combined, the Chariton and
Lirl1e Chariton rivers drain an area of aboul
2,960 square miles, of which about 70 percent
(2.070 square miles) is in Missouri. All of lhe
Little ChariIon Riverdrainage is within Missouri.

Upstream from Prairie Hill, the Chariton
drains about 1,870 square miles. Between
1928 and 1993, I1le river here had an average
discharge of 1,245 'P/sec, and an average
annual runoff of 9.05 inches. The waler years
of highest and lowest average annuaJ flow
occurred within 4 years ofeadl other. In waler
year 1993, the discharge averaged 4,320 ft'/sec.
and in water year 1989, flow averaged 166
ft'/sec. Minimum and maximum recorded
flows did nOI occur in either of these water
years. Peak recorded discharge at this station
occurred April 23, 1973, and was 31,900 ft'/sec.
Minimum recorded flow occurred August 7,
1934, and was 4.6 ft'/sec. Figure 30 is a flow·
duration curve of the Chariton River near Prairie
Hill. As me graph shows, flow is greater than 36
ft'/sec 90 percent of the time here and exceeds
350 ft'/sec SO percent of the time.

There are several public water supply
reservoirs and one major impoundment in the
OJarlton River basin. Rathbun Reser
voir, a U.S. Army Corps ofEngmeers reservoir
in south-central (Appanoose County) Iowa
regulales the flow of the Chariton River to a
significanl degree, especially in I1le upper
reaches. Compleled in 1969, Rathbun pro
vides flood control. low-flow augmentation,
conservation, and recreation. At nannal con
servation pool level, il has a surface area of
nearly ll,OOO acres, and impounds about
200,000 ac-ft of water. Rathbun Reservoir
supplies water 10 much of southcentral Iowa
through water districts. TIle City of Westboro
in Atchison County is supplied I1lfough one of
mese Iowa water dislricts.

Public water supplies in the basin include:
.lhliomJille in Pumarn Counry uses a 70

acre reservoir, plus Lake Thunderhead, a
l,I50-acre private lake.

• Kirksvil/e and much of its surrounding
area usesForest Lake, a 703·acre reservoir in
Thousand Hills State Park, and Hazel D-eek
Reservoir, both on Chariton River tributaries
in Adair Counry.

'New Cambria in Macon County former
ly used a 7·acre reservoir on Puzzle Creek. a
small Charilon River tributary. Chariton·Linn
PWSD 11'"3 now supplies water to New Camma.

'Marceline has two reservoirs, the new~

er of which is in the Grand River basin. The
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older reservou IS on a tribular)' of Mussel
Fork, the major western tribularY ofthe OJarl
ton River. l1lc lake has a surface area of 8J
acres. Il issupplemcnled by pumping from an
inlake on Mussel Fork.

.Green Cilyand Bucklin also have reser
voirs on Mussel Fork tribUlarics. Green Ciry
lake has a surface area of 57 acres. Bucklin's
reservoir is smaller. about 17 acres. Bucklin
also pumps from Mussel Fork into the reservoir.

• Elbel in Macon County formerly used a
23-acre reservoir for water supply, but cur
remlyobrains water from Chariton-Linn Coun
ty PWSD #3.

The Lat/e O~arlto"River headwaters
are in Adair CounlY south of Kirksville, and it
drains parts ofAdair, Macon j Randolph, Chari
ton, and Howard counties. Its two major
tributaries are me East Fork and MtaaJe
Fork. There is lime long-term flow data
available for the LiuJe Chariton River. A
gagingStation near Saltsfmryin Charit.on Coun
ty operared between 1964 and 1970. During
that time, average discharge for the 201 square
miles basin was 185 fr'/sec. Periods of no now
occurred in 1964, and peak recorded dis
charge was 4,550 ft'/sec on June 13, 1966.

Today, flow in Ihe Little Charilon is grealJy
affected by two major reservoirs Long Bmncb
Reservoir in Macon County and 1bomas Hill
Reservoir in Randolph County.

Thomas BIU Reservoir was fanned by
thedamming orlheMlddk Fork Little Charl·
ton River in Randolph County. 'The reservoir
is privalely owned by Associated Electric Co
operative, and is used primarily to supply
cooling water for a coal-fued electric generat
ing plant. l1le lake drains 147 square miles,
and bas a nonnal surface area of about 4,400
acres. It began filling in 1966. AI the lOp of the
Oood pool, it impounds 85,175 ac-ft The
power pIanr cooling and conservation storage
indudes 45,900 ac-ft, and sedimenr storage is
14,700 ac.ft. Although it is primarily used for
cooling water, it is also a source of waler for
Thomas Hill PWSD poI, and is used for recreation.

Long Branch Reservoir is a 2,430 acre
U.S. Army Corps of Engineers reservoir formed
by damming the East Fork LUtIe aJarlton
Rwer near irs conOuence wirh Long Brancb
in Macon County. 11te reservoir began flliing

sa

in 1978, and is used for flood control, water
quality enhancement, recreation, and water
supply. The surcharge pool conr.a.ins 98,590
ac-ft ofstorage. The flocxJ control pool conlains
30,600 ac-ft of srorage. The multipurpose pool
ronrains }4,64O ac-ft ofstorage, of which 24,000
ac-ft is water-supply storage. The reservoir will
supply 7.1 mgd with. a 2 percent chance of
deficiency from irs water supply srorage.

There are severaJ smaller water supply
reservoirs in the Little Omrlton RIver basin:

.Maccm formerly used a 200~acre lake
for waler supply in addition to Long Branch
Reservoir.

• AJlatua, in nonhem Macon County, for
merly used a 14-aae reservoir, but is currently
supplied by Macotl, as is the town of Bevier.

'Eimerand CaJiao are supplied by Ma
con Counry PWSD --1. which is supplied by
Macon.

'Annstn:mguses a 12-aae lake for supply.
• HUnlsville purchases water from

ccwwc.
'Moberly has tlU'ee reservoirs, aJ) on

tributaries of lite East Fork LUlie OJllrlton
River. However, only Sugar Creek Reservoir,
whidl has a surface area of 346 acres, is
currently used.

SMAllER M1SS01JRI RIvER TRmurARIES NORm
OF 'IRE MlsSOtJRJ 1bvER

Although the majorMlssourlRtvertrib~

utaries in northwest Missouri previously dis
cussed provide most of the drainage, more
than 4,000 square miles of this total area is
drained by smaller rivers and srreams iliat
discharge directly into the Missouri River.

Upstream from KansasOty, several small
watersheds induding Rock Creek and Linle
Tarkio O'eek, discharge directly into the
Missouri River. Squaw O'eek drains through
Squaw Creek National Wildlife Refuge and
supplies runoff to a majOrwalerfow1 area. Bee
Creek drains into Lhe Missouri River be
tween Kansas Ciry and SI. josepb. Dearborn
pumps from tlte creek inlO a reservoir in the
upper pan of lhe watershed and uses the water
for public water supply.

F'lshlng River, Crookeil River, and
Wakenda O"eek drain most of the area be
tween the Grand River basin and theMlssourl



River between Kausas City and Brutl.SUlick.
There are a few years of flow records available
for aJI of these streams, bUI long-term flow
information is not available for any of Lhem.

Upstream from ExcelsiorSjY1iugs. theEast
Fork Fishing River drains only 20 square
miles. Between 1950 and 1972, flow here
averaged 12.9 ft'/sec (8.76 in.lyr of runoro.
Maximum recorded flow \Vas 12,000 ft3 on July
6, 1951. Periods of no flow were observed
several years. Crooked River near Rich
mOllddrains 159 square miles. Between 1948
and 1970, average discharge here was 98.7
ft'/sec; annual runoff averaged 8.43 inches.
Peak recorded flow here occurred July 20,
1965, when it was 29,000 ft3/sec. Periodsofno
flow occurred severaJ years. Wakenda freek
at Carrollton drains 248 square miles, and
between 1948 and 1970 had an average dis
charge of 141 ft'/sec (7.72 in./yr). Peak re
corded flow was 7,650 ft3/sec on september
23, 1970. Minimum recorded flow was 0.2 ft'fsec
on September 22, 1959.

Downstream from Glasgow, Bonne
Femme <reek drains part ofsouthern Randolph
County and much of central Howard County,
and flows intO the Missouri River near
BoomJille. The City of Fayelle uses two reser
voirs constructed on tributaries of Bonne
Femme Creek. Surface areas of the reservoirs
are 60 acres and 185 acres.

Moniteau Creek drains eastern Howard,
western Boone, and extreme southern Ran
dolph counties. It enters tbeMissourl River
at RocbejX)rt. Discharge from an 81 square
mile area of !:he watershed near Fayette was
gaged between 1948 and 1969. Average flow
for mat period was 33.2 ft'fsec. Maximum
recorded flow was 4,330 f('/sec on September
13, 1961; periods of no flow occurred several
years. Higbee, in the northern part of the
watershed in Randolph County, uses a IS-acre
lake for water supply.

Percbe Creek drains a smaJl area of
southern Randolph and northeastern Howard
counties, but most of its drainage is in Boone
COUnty. The creek discharges into the
Missouri River soulhwest of Columbia near
McBattU? Hinkson freek. aPercbe Creek

Basin DescriPU(NlS a/MiSSOUri Sur/ace \Voter Resources

tributary draining the area soulh and east of
Columbia, was gaged between 1964 and 1976.
TIle watershed upstream from the gaging sta
tion contains 44.8 square miles, and discharge
averaged 63.9 ft~/sec. Average ann-ual runoff
for the period was 12.36 inches. Discharge of
me creek ceased in dry weather during many
years, and the highest recorded now occurred
May 15,1970, when it peaked at 9,100 ft)/sec.

cedar Creek fonns the county line be
(Ween Boone and Callaway counties, and
drains significant parts of both counties. A

gaging station in the upper watershed near
Columbia operated between 1964 and 1975.
Here, the creek drains an area of about 44.8
square miles, and discharge averaged 40.7
ft3/sec. Annual runoff for the period averaged
12.34 inches. Maximum recorded flow \VaS

5,140 ft'/sec on October 12, 1969, and periods of
no flow were observed most years. AI one time,
abandoned coaJ strip mines adversely affected
water quality in places along Cedar Creek, espe
cially during dry weather Vv'h.en streamflow was
low. Reclamation of !.he abandoned mines has
essentially restored the quaJity of water in Cedar
Creek 10 Vv'h.at it 'WaS prior to mining.

Auxvasse creek drains most of caslern
CaJlaway County and the southwestern comer
of Audrain County. It enters the Missouri
River near Mokatle. No long-term discharge
data are available for the watershed, but there
is a USGS partial record station on the creek
near SJeedman. Here, the 7-day Q 2 flow is 0.1
ft3/sec (Skelton, 1966).

"The Loutre River begins in southeast
ern Audrain County, and flows to the south
east to join with the Missouri River near
Hermann Il drains parts of Audrain, Calla
way, Montgomery, and Warren counties.
Upstream from Mineola near the center of the
watershed the river drains 202 square nilles.
From 1947 to 1967 average discharge of the
river here was 97.5 ft3/sec. Maximum record
ed discharge was recorded June 30, 1957 at
12,900 ft'/sec. Periods of no disdlarge 0<>
curred at times in the mid-19S0s. The City of
Wellsville has two reservoirs in the upper
watershed of Loutre River that provide public
water supply.
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MISSOURI RIVER 'IRIBUfARIES
SOUIll OF THE MISSOURI RIVER

Mf.ssouri River lributaries soum of the
Missouri River drain an area of about 20,Z92
square miles Within j\tis;ouri. or about 29.1
percent of the Slate (figure 31). Drainage from
an additional several thousand square miles
enters from Kansas. Plow dlaracteristics of
rivers within this region change significantly
from western to eastern parts of the area.

lhe westem part of Ule area is within me
Osage Plains physiographic province. TIle
southern extent of glaciation extends south of
the Mtssouri River a few miles. but glacial
drift south of the Missouri River in this area is
generally thin. Runoff and low-flow charac
teristics of streams in the western and nonh
western parts of the region are similar to those
ofstreams in nonhwestern Missouri. Soils and
shallow Pennsyivanian-age bedrock units un
derlying the area have low penneability, so
runoff is rapid after heavy rainfall. The lack of
groundwater inflow into the streams causes
very low flows. or periods of no flow. during
e..uended droughts. The eastern part of the
basin is within the Ozarks physiographic prov
ince. Here. streams have well-sustained base
flows prOVided by springs discharging from
the Springfield Plateau and Ozark aquifers.

TIle Osage River basin has the largesl
number of major reservoirs and the greatesl
surface-waler storage in lhe state. Pour major
reservoirs including Lake of the Ozarks,
T""nan Lake, Stockton Lake, and lAke
Pomme de Terre, impound water on the
Osage or its tributaries. At nonnal pool levels,
the four contain aboul 4.25 million ac-ft of
water, or about 1.39 trillion gallons.

Surface-water quality in this region is
generally good. Most of the streams draining
from the Osage Plains contain water Ulat is 3

moderately mineralized calcium-magnesium
bicarbonate rype. Sulfate coment is moderate,
and typically below 125 mg/l. Total dissolved
solids content is typically below 500 mgll.
ChJoride content is moderate to low, e"cepl
where saline springs in theBiackwaler Riv
er basin affect surface water quality. Streams
draining from the Springfield Plateau general-
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Iy contain water thai is a calcium-bicarbonate
type. Sulfate and chloride levels are typically
low. Surface water in the Salem Plateau pan
of the region is generally a caJcium-magne
sium-bicarbonate type. Chloride and sulfate
levels are rypicaJly low here. Streams in the
nonhem and weSlern parts of the region ryp
icallyhave greater suspended solids than those
draining from the Ozarks.

!AMmE R1vER
ThelAmlne River drains a 2,640 square

mile area of wcsl-cenll'al Missouri in Lafayette,
Saline, Johnson, Penis, Morgan, Moniteau,
Benton, and Cooper counties. The
Blackwater River is the major tributary of
me Lamine, and it drains about 1.550 square
miles, or about 59 percent of the basin. The
WCSIem pan of the basin, mostly the part
drained by the Blackwater River, is within the
Osage Plainsj the eastern area is within me
Springfield Plateau pan of the Ozark Plateau.
The southern extent of glaciation trends easr
west across the center of the basin.

The fAmine River, at a USGS gaging
station near Otterville, drains 543 square miles.
The Sl.3lion is relatively new, so only a few
years of information are available. Between
1987 and 1993. average discharge was 516
ft5/sec, (12.91 in./yr runoff). Water year 1993
had the highest average flow, 1,464 ftVsec;
highest flow occurred here July 7,1993, and
was 63,700 ft3/sec. l1le lowest flow was 1.2
ft'/sec on August 28, 1991. Water year 1992
had the lowest average flow, 155 ft'/sec. Fig
ure 32 is a flow-duration curve of the IAmlne
River at CXtervilJe. Flow here exceeds 62 ft'/sec
50 percent of the time, and 8.1 ft'/sec 90
percent of the time.

Longer-term flow information is avail
able [roma now-discontinued station at Qijtcm
City, a few miles downstream from the station
near Otterville. Upstream from here, the
Lamlrre drains 598 square miles. Between
1922 and 1971, discharge averaged 454 ft'/sec;
average annuaJ basin runoff was 10.33 inches.
Peak flow occurred June 29. 1956, at 65,500
ft'/sec, and periods of no flow were recorded
several years.
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figure 32. Flow-duralion curve, Lamine River near OUerville, waler years 1968-199j.
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TIle Blackwater River at Blue Lick
drains 1,120 square miles. Based on dala
collected between 1922-1933 and 1938-1993,
average discharge here is 770 ft3/sec. Annual
runoff averages 9.34 inches. The water years
ofhighesl and lowest flow are 1993 and 1957,
respectively, when discharges averaged 2,540
ft3/sec and 95.8 f{3/seC . Figure 33 shows
average daiJy flows for water years 1993 and
1957. Peak flow here occurred November 18,
1928, and was 54,000 ft3/sec. Plow ceased
between July 17 and July 31, 1980. Figure 34
is anow-duration curvecurveof the BlaeJ...-water
River at Blue Lick. Discharge here exceeds 4.0
ft3/sec 90 percent of the time, and 50 percent
of me lime it exceeds 84 ft 3/sec.

Narural waler quality varies with location
in the basin. Generally, water in Ihe Lamme
River is a moderately mineralized, calcium
magnesium-bicarbonate type that is generally
of good quality. Water quality is substantially
worse in locations on the Blackwater River.
-Saline springs discharging intO the Blackwater
River, especially during low river Slages when
there islinle diJution, adversely affect the water
quality. Mostofmese high]yntineralized springs
are in Saline Counry, and discharge from Mis
sissippian- or Pennsylvanian·age bedrock. The
water is thought to be sea water that was
trapped when the sedimentary rocks were
being deposited (Miller, 1971). TIle total dis
solved solids content of these springs range
from less than 500 mgIJ to more than 30,000
mgll. The water may contain high levels of
sulfate, chloride, or both. Al higher flows. the
water in the Blackwater River is a moderately
mineralized calcium-magnesium-bicarbonate
type. During low-flow periods, however, the
river water is a sodium- or calcium-ehloride
type, and total dissolved solids may exceed
1,500 mgll (Gano and others, 1974).

Numerous communities within the
Lamine River basin eilher use reservoirs,
surface-water intakes in streams, or both, for
public waler supply. nle fresh water-saline
waler lfansition zone crosses the Lamine ba
sin. Most towns south of the transition zone
use groundwaleri towns north and west of the
transition zone generally use surface water.

Bast', DescriptiollS ofMiSSOuri Surface Water Resources

'Sedalia uses a 178 acre reservoir on a
lfiburary of Flat Creek in Lamine River
watershed LO meet some of its supply require
menlS. The city also pumps considerable
amounts from Flal Creek 10 supplement water
from 11 public water supply wells.

• Holden, in Johnson County, fonnerly
used three reservoirs with surface areas of 26
acres, 30 acres and 175 acres. All of the
reservoirs are on tributaries of theSoutlJ Pork
Blackwater River. CurremJyonly the largesl
of these is used for water supply.

• COllcordia and Higginsville in Lafayette
Coun ty use reservoirs on Blad..-water River
tributaries. The reservoir serving Concordia
has a surface area of 245 acres. Higginsville
uses a 40-acre reservoir and a 223-acre reser
voir on Davis Creek, and pumps from the
Missouri River into both reservoirs.

.Sweet Springs in Saline County formerly
pumped from the Bku:kwater River to t.Wo
smail reservoirs, but now oblains waler from
the City of Marshall through Lafayette County
Public Water Supply District #"1.

MOREAU RIvER
The Moreau River basin occupies an

area of 580 square miles in the Salem and
Springfield plateaus. The river drains parts of
Moniteau, Morgan, Miller, and Cole counties.
Upstream from a discontinued gaging station
near jefferson City the Moreau River drains
561 square miJes. Between 1947 and 1974, the
river had an average discharge of 38J ft~/sec,

and an average runoff rate of 9.22 in/yr. Peak
flow here occurred October 14, 1969, and was
24,400 ft}/sec. The lowest measured flow was
on September 30,1956, when it measured 0.1
ft3/seC.

OsAGE 1bvER BASIN

1be Osage River basin is the largest
Missouri River tributary in the Slate. It
drains a total of about 15,300 square miles in
eastern Kansas and western Missouri. Drain
age in Missouri accounts for about 70 percent
of the total, about 10,700 square miles. The
basin is about 250 miles long and a maximum
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Figure 33. Average daily discharge, Bl2ckwater River::ll Blue Lick, WOller years 19S7 2fld 1993.

of 160 miles wide. It includes parts ofJackson.
Cass, Barton, Lawrence, Dade, Johnson, Pet~

tis, Benlon, Greene, Christian, Webster, Mar·
gao, Miller, Laclede, Pulaski, Maries, Osage,
and Cole counties, and all of Bates, Vernon,
Cedar, SL Clair. Henry, Hickory, Polk, Dallas,
and Camden counties.

TIle Osage River is fed by numerous
tributary rivers thatcantribute significant flows.
The upper watersheds are within the Osage
Plains. Slteams here have low gradients and
poorly-sustained base nows. The southern
and eastern ltibutaries are within the Ozarks,
and have higher gradients and well-sustained
base flows.

Morals des Qygnes. Little Osage. and
Marmaton Rivers

The upper watershed of the Osage is
composed of three drainages, the Marais
des qygnes Rtvetj Little Osage River. and
Mannaton River. The Mannalon River rises
in southeastern Kansas and drains pan of

Barton and Vernon counties. The total drain
age area is 1,150 square miles, and all of it is
within the Osage Plains. The Marmaton flows
into the Litde Osage River in north-central
Vernon County.

The LUlie Osage River drains 1,720
square miles, mosdy in Kansas. In Missouri it
drains part of northern Vernon and southern
Bates counties. It joins widl the Marais des
C)gnes River in northeastern Vernon Coun
ry. In Kansas, the Osage River is called the
Marais des Cygnes. That designation contin
ues in Missouri to its confluence with the Little
Osage River. Below that point it is referred to

as the Osage RiVeT.
PlOductive aqUifers in the upper Os·

age River basin typically plOduce highly
mineralized water, therefore surface
water is widely used for public waler
supply in Ihis area. Several towns use
re:;ervoir:; in the Marais des Cygnes
basin, or pump directly from the river into
storage reservoirs:
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'Bates Counry PWSD #2 pumps from
MIa",i Creek, in Marais des Cyglles water·
shed, to a 2J-acre reservoir.

'Appleton City formerly used a 36-acre
lake in PanllJeT" freek basin, another Marais
des Cygnes tributary. Currently, the Lown
obtains water from Henry CoUnty PWSD F2,
which is supplied from Tnmwn Lake.

'Braler uses intakes in the MarAis des
Cygnes River and Miami Creek, and a 67~acre

reservoir in Miami Creek basin.
'Rockuillepumpsfrom r.beOsage River

to a reservoir in Bates County.
• Ric/) Htll pumps from Bates County

Ditch to an upland reservoir.
A USGS gaging staUon has been in oper

ation on lhe Osage River aoove Shell Knob
on the Bates-Vernon county line since 1979.
Upstream, the basin contains 5,410 square
miles. Average flow values and Jow·f1ow data
are nor available for this station due to back
water from Tnlman Lake affecting flows at
low stream stages. This Slalion is useful for
obraining medium- and high~now information.

Sac River
The Sac River is a major southern trib

utary of the Osage Rtuer. It rises in Christian
and Greene counties and drains about 1,970
square miles. All but the lower pan of me
basin is within the Ozarks Plateau. The Sac
River near Dadeville, which is upstream from
Stockton Lake, drains 257 square miles. Be·
tween 1966 and 1993, average discharge here
was 246 fcYsec. and annual runoff averaged
13.03 indles. Water year 1993 was tlle year of
highcst average flow. 560 ft'/sec. Peak mea~

sured discharge occurred September 25, 1993,
when it reached 36,100 ft'/sec. Water year
1977 was the year of 10wCSl now on record
when discharge averaged 50.2 fl'/sec. The
lowest recorded flow for the stream here was
4.0 ft'/sec, which occurred september 16,
1980.

Stockton Lake is the largest surface
water impoundment in the Sac River basin.
The reservoir, cODslfuaed by the u.s. Army
Corps of Engineers, began impounding water
in 1969. Total storage al the top of the nood
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pool is 1,666,659 ac~ft. The multipurpose pool
contains 887,109 ac-ft of storage. Benefits
derived from the reservoir include flood con
trol, hydroelectric power, and recreation.
Waler supply will soon be an added benefit of
the reservoir. The City of Springfield, largest
city in soulhwestern l\Jlissouri and third largest
city in the staLe, is constructing a pipeline to
Stockton Reservoir thai wilJ transport water
to Springfield.

The flow of theSm; Riuer below Stock~

ton Dam is regulated by rele3SCs from the
reservoir. Upstream from caplinger MtJ1s
near its mouth, the Sac River drains 1,810
square miles. Between ]974 and 1993, flow
here averaged 1,675 ft'/sec. Annual runoff
averaged 1257 inches during the same peri
ocL Ln water year 1993, the year of highest
recorded flow, discharge averaged 3,109 fi'/sec.
Peak flow, however, occurred on October 2,
1986, when discharge was measured at 60,000
fi3/sec. Minimum recorded discharge, 44 ft.'lsec,
was measured October 11, 1980. The water
year of lowest average annual now was
1977 when it averaged 399 ft}!sec. Dis~

charge of the Sac River here exceeds 91
ft'/sec 90 percent of the Lime. and 986 ft'l
sec 50 percent of the time.

Pomme de Terre River
The Pom",e de Ten-e River drains an

828 square mile area east of the Sac River
basin in .southwestern MissOuri. 11le headwa
ters are in Webster County. and it flows inlO
Trnman Lake near Warsawin Benton Coun
ty. EssenLiaUy all oftbis basin is in the Ozarks.
Part of il is in the Springfield Plateau, but most
Lies within the Salem Plateau.

The Pomme de Terre River near polk,
upstream of Pomme De Terre Reservoir,
drains 276 square mUes of the Ozark Plateau.
Between 1968 and 1993, discharge here aver
aged 284 ft'/sec, and runoff averaged 13.99
in.lyr. Water year 1993 had the highest aver
age flow at 554 ftJ/sec. Peak flow for the
stream occurred September 24, 1993, when il
was 34,300 ftJ/sec. 11le lowest average annual
flow occurred in water year 1980 when it
averaged 124 ft'/sec. TIle lowest recorded



flow for me stream is 0.3 ft'/sec, which was
measured from August 10 to August 15, 1980.
Based on recordeddala, discharge of the Pomme
de Terrehere isgreatCf than 11 ft'!sec 90 percent
of the time, while 50 percent of the time Dow
excee<is 89 fi'/sec.

Pomnre De TetTe Reservoir near Her
mitage lies mostly in Hickory Counry. JI is
mudl srnaJler thanStockton Lake. TIle reser
voir is a u.s. Anny Corps of Engineers project.
TOlal capacity at the lOp of dIe flood conlrOl
pool is 648.700 ac·fl Of thjs, 407,200 ac-ft is
flood storage. 228.700 ac-ft is conservation
pool storage, and 12,800 ac-ft is sediment
storage. TIle reservoir provides flood cOOlrol
and recreation benefits.

Oudlow of Pomme de Terre Reser·
voir has been measured since it began mUng
in 1963. Flow in the river below the reservoir
has averaged 521 [('/see, and average annual
runoff bas been 11.52 inches. In water year
1973, average discharge was its highest at
1,163 ft'/sec. The lowes: average annual flow
occurred in water year 1963 wben it measured
67.8 ft'/sec. Peak flow here was 9,000 ft'/sec
on May 9,1961. Periods of no flow have
occurred several times. Flow here exceeds 43
ft'/sec 90 percent of tbe Lime. and ]03 ft'/sec
50 percent of the time.

South Grand River
TIle SOut/) Grand River is the major

northern tributary oflhe Osage River. Rising
in eastern Kansas, the South Grand River drains
2,040 square miles of the Osage Pla.i.n.s. Most
ofLhe drainage, about 2,000 square miles, is in
Missouri. Prior to construction of Truman
Dam and Lake, the South Grand entered the
Osage River near Warsaw. Now, about one
halfofthe length oftheSouth Grand in Missouri
can be affeCted by bad."W3ICf from Truman
Lnke.

A discontinued gaging slation on the
SOuth Grand River near Bnmltli"gtOlloper
ated from 1921 IO 1971 Above litis point the
river drains 1,660 square miles. Discharge
during me period averaged 1.046 f('/see.
Annual runoff averaged 8.56 incbes. Peak
flow al this site was 63.900 fl'/.sec, wf1jch

BaS/>J Descnpions olMlSSOun Su,/ace WaJe, Resources

occurred November 19, 1928. Like many
streams of the Osage Plains, flow ceases here
during very dry weather. Another gaging
station is now located on the Soulb Grand near
Qillte»J. At the new gaging sile the river drains
1,270 square miles. The station is in an area
that is affected by backwater from Truman
Lake. 50 flow statistics are not available for
low-flow periods.

The South Grand and its tributaries are
used extensively for waler supply in this area.

'PecuJiarin CassCounryformerlyused a
29·acre lake for water supply. CurrenLly the
town is supplied by Kansas Citylhrough Cass
Co. PWSD-2

'Harrisonville has two lakes with 20
acres and 285 acres of surface area..

.Clevela,uJand Freemanuse small reser
voirs with surface areas of seven and eighl
acres respectively.

'Garde11 City uses two reservoirs.
'Arehle and Adrian use reservoirs in

conjunction with surface·water intakes. Both
towns pump from the South Grand; Archie
pumps into (WO reservoirs and Adrian pumps
into a 26-acre reservoir.

.cassCounty PWSD "'7 uses an intake on
the Scum Grand for water supply.

'Pleasam Hill and Raymore formerly
used municipal reservoirs in the basin.
Raymore used a 59-acre reservoir, and Pleas
ant Hill used a 20-acre reservoir. Raymore is
now supplied by Kansas City and Pleasant Hill
is supplied by Lees SummiL

Niangua River
The Niangua River rises in northern

Webster County Between the headwaters
and its connuence with the Osage River in
Lake ofthe Ozarks, it drains a 1,040 square
mile area of the Ozark Plateau. In its upper
reaches, the Niangua is a losing su-eam, and
most or all of its flow during Jow-flow periods
is lost to penneable bedrock. benea!.h lhe
streambed.

Perennial now begins at about the
Webster-Dallas County line. Most of !.he easl
ern tributaries of me Niangua River are also



Surjw:e Water Rerourceso!Missouri

losing Slreams I.hat channel surface w:lI.er into
the subsurface to recharge springs in the area.
AdditionalJy, springs in me Niangua basin are
recharged by losing-stream drainages in adja
cent watersheds to the south, southeast, and
east oULSide oflhe Niangua basin. Dye tracing
has shown that water in northern tributaries of
the Osage Fork of tbe Gasconade River
basin, and from Goodwin Hollow and Dry
AJlglalze O"eek in the Grandglotze basin,
provide redlarge to Bennett Spring, Sweet
Blue Spring and Hahatonka Spring. all in
the Niangua River basin (Vandike, 1992b).
TIlis nal.uraJ interbasin transfer of water into
the Niangua River basin increases the flow of
the Niangua, while decreasing the flows of the
Osage Fork and Grandglaize.

Bennett Spring discharges from a nearly
vertical cave opening developed in Ordovi
cian-age G~onade Dolomite in the bed of
Spring Hollow in Bennett Spring Stale Park II.

is the largest spring in the NtongJlo River
basin and third largest in Missouri. The aver
age discharge of Bennen Spring is 177 hVsec,
and the lowesl measured flow is 55 fr'/sec.
The flow of the Niangua River upstream from
Bennen Spring during dry weather is often
low, but downsu-eam of the spring me river
has a high base flow. TIle flow ofSweet Blue
Spring combines with lhat of the Niangua a
few miles downstream from Bennett Spring
State Park near Eldridge. 11 is a much smaller
spring than Benneu and averages aboul 15IV/sec
discharge. HabatonRa Spring discharges an
average or about n ft'/sec intO the lower
Niangua River. The spring Lsabove the normal
level of Lake of the Ozarks, but the Niangua
River and the downstream reach of the
Hahatonka Spring branch are inundated by
tbe lake here.

1be largest reservoir in the Niangua
River basin isLoke Niangua, which is about
7 miles southwest of CamdemQll. Lake
Niangua, completed in 1931, was consuucled
for hydropower. Thnnel Dam, which im·
pounds Lake Niangua, is built adjacent (0 a
narrow ridge. A few miles downstream of the
dam are several large meanders in the river.
that bring the channel back IO less than 1/4
mile from the dam. A tunnel was constructed
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through the narrow ridge near the dam to
channel water from the lake lO the power
house. II is located a few hundred yards 10 Ibe
northwest, but several channel miles down
stream. By doing this, the natural drop of the
river, whidl is about 20 feet, combines witJllhe
pressure head in the lake to increase thehydro
power potential. The development is owned
by Sho·Me Power Corporation. Lake Niangua
bas a surface area of about 300 acres, and
impounds about 1,200 ac-ft of water,

From 1929 to 1969. the USGS operated a
gaging &ation on the Niangua River near
Decaturoille, a short distance downstream
from Lake NiangllQ. Upstream from me
gaging station me river drains aOOut627 square
miles. During the 39·year period of record, the
stream had an average discharge of 624 ft'/sec,
and an average runoff rate of 13.6 in/yr. This
runoff rate, which is bigher than that of adja
cenl basins, probably reflccl.S the groundwa
ler inflow into me Niangua basin from the
Grandglatze and Osage Fork of tbe Gas·
conade River basins.

Mai" Stem Osage River
From theeastem areas ofBarton, Vernon,

and fuHes counties to Bagnell Dam, the Osage
River nows through two large reservoirs
Tn",um Lake and Lake of the Orarks.
Truman Lake, a U.S. Army Corps ofEngineers
facUity, began fUling in 19n, and at normal
pool covers 55,600 acres (86.9 square miles).
Upstream from Warsaw, the gradient of the
river is low and relief is gentle, as is character
istic of the Osage Plains. Thus, al full flood
pool, Truman covers about 209,300 acres,
(327 square miles), nearly four times the area
covered at nonnal pool level The surcharge
pool of the reservoir can Slore 2,911,000 ac-ft.
The flood control pool will store an additional
4,006,000 ac·ft, and Ihe multipurpose pool bas
1,203,000 ac-ft of storage. BeneHLS proVided
by ule reservoir indude flood comrol, hydro·
power, recreation, and fISh and wildlife en·
hancemenL Henry County PWSD #2 uses
Troman Lake as a raw water supply.

Flow in the Osage River below Truman
Lake, which is completely controlled by re·
leases from the reservoir, bas been measured



since the reservoir was completed Between
1978 and 1993. flow averaged 11.340 ft'/sec.
Average annual runoff from the 11,500 square
mile basin is 13.3 inches, High and low
average annual discharges occurred in water
years 1993 and 1991, respectively, when Oows
averaged 18,760 ft'/sec and 2,516 fl)/sec_

BagneU Dam, which was completed in
1931, forms Lake afthe Ozarks, the largest
privalely owned lake in Missouri. This Union
Electric faciliry was constructed primariJy for
hydropower and flood control, but has be
come one of me most important recreational
areas in J\fissouri. At normal pool level, Lake
of the Ozarks covers about 60,000 acres (94
square miles). In terms of suIface area, at
normal pool Lake of the Ozarks is the largest
reservoir in Missouri. In teons of srorage at
normal pool, it is exceeded in Missouri onJyby
Table Rock Lake. TOla} storage at norma)
pool level is 1,927,000 ac-ft, which indudes
708.800 ac-n of dead or unusable storage.

Flow in the Osage River below Bagnell
Dam is completely regulated by outflow from
Lake afthe Ozarks. A USGS gaging station
has operated here since 188J. Since 188J.
average annual flow of the river has been
10.090 fr)/sec, and annual runoff has averaged
9.79 inches. Water years ofhighesl and lowest
flows were 1927 and 1954. respectively, when
discharges averaged 24,640 ft'/sec and 1,046
fi~Jsec. Peak recorded discharge is 220.000
ftNsec, which occurred May 19, 1943. The
lowest recorded disctlarge was 183 ft'/sec
which occurred on September 9. 1969. Flow
bere exceeds 513 ft)/sec 90 percent of the
time, and 4,020 ft'/sec 50 percent of the time.

The Osage River above the USGS gag
ing station near SJ. 11Jomasdrains14,500 mi2•

Though the gaging station is localed 38 miles
downstream from BagneU Dam, Dow of the
river is still greatly affected by releases from
Lake of the Ozarks. Between 1931 and
1993. flow here averaged 10,610 ft'/sec. Av
erage annual runoff is 9.94 inches. The high
esl average annual nowoccurred in water year
1993 when it was 25,240 ft The lowesl
average (Jaw year on record was in water year
1954 when now averaged 1,237 ft'/sec(figure

Basin DescrlpliO'lS 0/MISSOuri Stlrface WaJer Resources

35), Figure 36 is a flow-duration curve for the
Osage River neat St. Thomas. Discharge here
exceeds 713 h 3/sec 90 percent of the time, and
4,420 ft'/sec 50 percenl of the time.

Several smaller streams drain the area
south of me Osage River between the
Niangua River basin and the confluence of
the Osage with the Missouri River. Dry
Auglal%e O"eek and Wet Glalze Creek join
to fonn Grandglatze Creek which flows into
Lakeo/the Ozarks. Dry AugiaizeCreek and
irs major tribulary. Goodwin HoUow, are los
ing streams throughout most of their reaches,
and water from these streams is pirated by the
Niangua basin. Thus, Dry Auglaize Creek
contributes liale flow to the Grandglaize ex
cept during periods of high flow. Wet Glaize
Creek is a gaining stream throughout much of
its length, and provides most of the base flow
for GrandglaizeCreek. GrandglaiZe Creek bas
a well-sustained base flow provided bysprings
in the Wet Glaize watershed. Long-tenn flow
information is not available, but the
GrandgiaiZe near Brumley has a 7-day Q20f 22
ft'/sec (Skelton. 19(6).

Tavern Creek drains northern Pulaski,
eastern Miller, and western Maries counties.
No long·terrn flow information is avaUable for
the creek, but Skelton (1966) computed the 7
day Q

2
for Tavern Creek near 51. Elizabelb to

be 2.6 ft'/sec.
l1le Maries River drains a 305 square

mUe area south of the Osage River in western
Maries and Osage counties. Between 1947
and 1970, discharge of tne Maries River at
Westpbalia averaged 211 ft'/sec, and runoff
averaged 11.15 in.lyr. Upstream from here,
the river drains about 257 square miles of the
Salem Plateau. Maximum discharge measured
here'\V3S 26,I00ft)/secon October 12, 1969. The
minimum recorded flow is 0.1 ft.'lsec, which
occwred in September and Octo""', 1956.

GAscONADE RrvER
The Gasconade River has its headwa

ters in Wright County, and il flows to the
northeast entering the MISsouri River near
Hermann in Gasconade County. TIle river
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drains about 3,600 square miles of the Salem
Plateau. and receives runoff from Howell,
Wright, Texas, Webster, Laclede, Pulaski, Dent,
Phelps, Maries, Osage, and Gasconade coun·
ties. The basin is about 130 m1Ies long and
aboul 50 miles wide in I.he upper part of the
watershed, bUI it narro'\vs to less than 10 miles
wide at places in me lower reaches. The
elevation of lhe river decreases about 700 feel
over ilS 270 mile leogm. Its major tribur.aries
are the Osage Fork, Roubldoux o-eek, t.he
Big P/#ey River and LtttIe Piney creek.

The Osage Fork drains 520 square miles
in the western pan. of lhe upper GasCOtUlde

River basin. The main stem of the Osage Pork
is a gain..ing stream throughout much of its
length, but the watershed contains several
nOlable losing Streams. In addition, there is
one su-etch of the Osage Pork that loses flow
intO the subsurface. Losing sueams on the
south side of the Osage Fork. including Steins
<reek, appear to provide recharge to Big

Spring on me Osage Pork. Losing streams on
the north and wesr sides of me Osage Fork,
however, are known to provide recharge to
springs in meNlangua River basin. Dye traces

in Brushy <reek and North Cobb creek
watersheds show that water lost intO dIe subsur
face here reappears at Bennett Spring in me
Niangua River basin (Vandike, 1992).

A USGS gaging station on the Osage
Fork 31 Dry7Job operaled between 1962 and
1981. Upstream from here, me river drains
404 SQuare miles, and discharge here aver
aged 284 ft'/sec, Maximum and minimum
recorded flows are 21,300 ft'/sec, which oc
curredon April 12, 1979, and 7.2ftVsec, which
was measured September 19, 1976. Average
annual runoff during this period was 9.55
inches, which is considerably lower than run
off rates of similar watersheds in the area. TIle
relatively Jaw runoff rate probably reflects the
loss of water from the Osage Fork basin into
[he Niangua basin.
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Upstream from its confluence with the
Osage Fork. the Gasconade River has a low
but well-sustained base now. TIlereareseveral
losing Sl.re3ms in the upper part of the water
shed !.hal pirate water from me upper Gascon
ade River basin inlO (he North Fork River
basin. Dye LCaces conducted from Wolfcreek
and Fry Creek on lbe upper-Gasconade show
!.hal water disappearing underground in lhese
losing Streams reappears 31 springs in the
North Fork River basin CWdJiams, J986).

Upstream from 1-44 near Haze/green, the
Gasconade River drains 1,250 square miles.
This includes drainage from the Osage Fork.
The USGS operated a gaging stalion here
berween 1928 and 1971. During that period,
flow averaged 965 W/sec. Average annual
runoff was 10.5 inches. Peak now at mis
station was recorded April 14, 1945, when it
was 76,400 ft'/sec. The minimum recorded
Dow is 18 ft'/sec on August I, 1936.

Although it is a perennial stream in this
reach, there is a nOlable loss in flow in the
Gasconade River in western Pulaski Coun
ry. Aseries of low-flow measurements by the
USGS in 1953 showed thai berween Tie Ford
and the mouth of Collie HoUow, a distance of
about 13 miles, flow in the river decreased
from 32.2 ft'/sec to 2.8ft'/sec. In the next rwo
milesdomlStream, flow increased to 69.8 ft'/sec.
Here, freasy, FaDing and Bartlett Mill
springs di.scharge into the Gasconade River,
and there are also several places where water
discharges intO the river from beneath the
riverbed (Bolon. 1960). Fluorescent dyes
injected into water disappearing into tlle beds
of Collie. Laquey, and Trower hollows down
stream of 1-44 in Pulaski County reappear at
Creasy, FaUing, and BartlettMill springs,show
ing they are separate outlets of a single karst
groundwater system (Vandike, 19923).

Roubldoux D-eek enters the Gascon
ade River just nonh ofWaynesville in Pulaski
County. The &ream drains an area of about
300 square rniJes south of I.he Gasconade.
From near its headwaters in Texas Counry to
about the Texas-Pulaski COUnLy line,
Roubidoux Creek is generally a gaining stream
and has a well-sustained base flow. Between

n

this painl. and Waynesville, flow in !.he creek
is lost to the subsurface, and the creek is
rypicaJly dry for a several mile stretch along
the west side of Fon Leonard Wood. Flow in
I.he creek begins again a shoo distance upstream
from J-44, but the water that disappeared inl.O the
subsurface upStream reappears at ROflbldmu:
Spring in Waynesville. BeJowRoubidouxSpring,
!.he creek has a well-sustained base flow and
provides habitat for IIOUL

lhe Big PIney River is me largest trib
Ulary of the Gasconade River. II begins in
extreme nor!.hem Howell Coumy, and drains
768 square mlles of the soUl!1western part of
tlle Gasconade River basin. Springs along the
upper and middle reaches of the Big Piney
provide a well-sustained base flow.

UpSltea.m from the gaging station near
me village of Big Piney, th.eBlg PineJl River
drains 560 square miles. Between 1921·1982
and 1988-1993, the river had an average dis
charge of 538 ft'/sec. Average annual runoff
for the basin for the period was 13.04 inches.
Flow during water year 1927 averaged 1,179
ft'/sec, making it the highest average annual
flow year on record. Water year 1954 had me
lowest average annual flow at 149 ft'/sec.
Peak recorded flow at the Big Piney gaging
station was 32,700 h'/sec on December 27.
1942. Lowest measured now was 69 ft'/sec on
september 17 and 18, 1954. Figure 37 is a
flow-duration curve of the Big Piney River
near Big Piney. Discharge here exceeds] 23
ft'/sec 90 percent of the time, and 255 ft.'/sec
50 percent of !.he time.

The Ga$conade River basin is entirely
wi!.hin me Ozarks region. 11le availability and
natural quality of groundwaler here is excel·
lent., thus towns and rural residents supply
lhemselves through wells producing from l.he
Ozark aquifer. There is but one surface-water
supply in the basin, and that is at Fort leonard
Wood. Fort Wood uses an intake on !.he Big
Piney River 1.0 supply most of the water
needs of me army post.

Little Piney Creek is a small Gascon
ade Rwer tributary t1lat drains a 272 square
mile area in Phelps and Dent counties. De
spite its relatively small siZe, il has a relatively
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high, well-sustained base flow because of the
numerous springs along its length. Ln its upper
watershed, Piney Creek is a losing stream.
Dye lracing has shown that water lost inlO the
subsurface through the bed of Piney Creek
easl of the IOwn of EdgarSpt"i,tgsresunaces al

Re!le Spring, about 8 miles to lhe west in Big
Piney River basin (Vandike. 1996). Despile
this loss. now from Pinf!)', Finn, Lane, and
other springs is more than ample to provide
well-sustained low flows.

Above the gaging station at NetV/Jurg, the
Little Piney drams about 200 square miles,
and has an average discharge of 158 ftl/sec.
Highest and lowest recorded flows here be
LWeen 1928 and 1993 were 32,500 ft'/sec,
which occurred August 14, 1946, and 24 ft'/sec,
measured on June 17, 1985. Water year 1985
was the wettest year on record with an average
discharge of391 ftl/see. An average discharge
of 47 ft'/sec was recorded during water year
1954, Ibe year of Lhe lowest average now.
About 90 percent of tbe time the now bere
exceeds 43 ft)/sec. About SO percentof lhe time
the flow is about twice this, 84 ft'/sec.

Flow of the GaSCOIUlde River has been
measured at a USGS gaging station in the town
of Jerome in Phelps County (or !he past 70
years. Although this gaging station is in the
middle reach ofriver, about half way beLWeen
headwaters and mouth, the shape of the basin
causes most of the drainage to be upstream.
Above bere, the river drains 2,840 square
miles, aU but about 7(fJ square miles of the
basin. Discharge here averages 2,611 ftl/sec
and average annual runoff is 12.49 inches.
Water year 1985 had the highest average flow
at 6,491 ft'/see. Water year 1954 had the
lowest with an average of 544 ft'/sec. Maxi
mum recorded flow was 136,000 ftJ/sec, mea
sured December 5, 1982. and minimum re
corded flow was 254 ft:l/sec, which occurred
September 21. 1956. Discharge here exceeds
518 ft.3lsec 90 percent of dle time, and 1,250
ft>/sec 50 percen! of the time.

Another USGS gaging slalion on the Gas
conade River near Ricb FOU1uain bas oper
ated between 1921 and 1959, and from 1986 to
presenL Here. the river drains an area of 3,180
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mi2, and the now characteristics are much the
same as at Jerome Average annual discharge
is 2,963 ft'/sec, and average annual runoff is
12.66 inches. Hydrographs shOWing average
daily discharges during the years of lowest
and highest flow are shown in figure 38.
Average discharge during wareryear 1927 was
6,560 ft'/sec, the lUghest average annual flow.
During water year 1954, the year of lowesl
flow, discharge averaged only 629 ftJ/sec.
Figure 39 is a flow-duration curve for the river.
As the graph shows, the river has a high, well
sustained base flow that exceeds 518 ft}/sec 90
percent of the lime, and 1,450 ft>/sec 50 per
cent of the time.

SMAll. MIssoORl RIvER 1'Rmtn:AJuEs Soum OF

'IRE MlssoORl RrvER
Ute previOUS discussion described the

surface water resources of most of the
Missouri River basin south of the rivet.
lhere are several small watersheds that do not
drain large areas, but still deserve mention.

The Blue and LUtle Blue rivers drain
much of the area in and near Kansas City.
Headwaters of the Blue River are in extreme
eastern Kansas. and it drains much of the
urban Kansas City area. The basin drains
about 272 square miles of the Osage Plains in
Jackson and Cass counties. A gaging station
on the Blue River near Kansas Cityshows an
average annual runoff rate of 11.64 inches,
based on data collected between 1939 and
1993 from the 188 square mile watershed.
Average discharge was 161 ft'/sec, and mini
mum and maximum flows are 41,000 ftl/sec
on September 13, 1956, and zero flow at limes
during several years. Disdlarge exceeds 5.0
ft'/sec 90 percent of the lime, and 42 ft)/sec 50
percent of the lime.

The Little Blue River drains 225 square
miles of the Osage Plains in Jackson and Cass
coun ties. All of the drainage is in Missouri,
and the basin contains several significant lakes
and reservoirs. Longview ReservOir, a U.S.
Amly Corps of Engineers facility on the Linle
Blue River, began impounding water in 1983.
The watershed upstream of the dam conlains
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50.3 square miles. The reservoir is much smalJ
er Lhan tbose on tbe Osage River, but still
impounds considerable water. Storage of lhe
surcharge pool is 35.370 ac-ft. TIle flood control
pool holds 24,000 a<-ft, and lhe multipurpose
pool contains 22,100 ac-fL The reservoir pro
vides fl<XX! conlrOl, w:lIer quaJiry oonlrOl. reae
alion, and fish and Wildlife enhancement F10w
on the Little Blue River below Longview Reser
voir has been monitored since 1966, several
years before the reservoir 'WaS COnstruded. Av
erage discharge bere is 41.4 ft'/sec, and annual
runoff averages about 11.18 inches.

Bille Spring reservoir on the BasI Fork
Little Blue River, another U.S. Army Corps of
Engineers project, began impounding water
in 1988. This reservoir has a drainage area of
32.8 square miles. and is considerably smaller
than Longview ResertJOlr. C3paciry of the

surcharge pool is 3,310 ac-fl, the f1ooc1 control
pool holds 1,590 ac-ft, and the multipurpose
pool holds 10.640 ac-ft. The East Fork of the
LUtIe Blue River has been gaged below the
reservoir site since 1974. Discharge has aver
aged 27.6 ft'/sec throughout the period, and
annual runoff has averaged 10.9 inches.

Above the gaging station near Lake City,
the Little Blue Rwer drains 184 square miles.
Between 1948 and 1993, flow here averaged
155 ft'/sec, and runoffannualJyaveraged 1].47
inches. Peak discharge al this site was 42,300
ft!/sec on AUgusl13, 1982. Periods of no now
have been observed several years.

Unity Village uses two reservoirs with
surface areas of15 and 23 acres to meet pan of
their 'Water supply needs. Both reservoirs are
in upperLUtleBlu.eRtver basin on a tribUtary
of cedar creek.
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Sni-A-Bor Creek drains pan of eastern
jackson County and western Lafayeue Coun
ty, and drains into the Missouri River at
Wellington. Odessa in Lafayene County uses
(WO lakes wilh 19 and 90 acres of surface area
in me upper part of tile 'Watershed.

Petite Saline Creek drains a 182 square
mile area in northern Moniteau and Cooper
counties. Moniteau Creek drains tile adja
ceO( area to the east, and discharges into me
Missouri River near Marion.

MAIN SlllM MIssoURI RrvER
lbeMissouri River has a drainage area

of 529,000 square miles and drains parts or aU
of Montana, Wyoming, North Dakou, Soum
Dakola, Nebraska, Colorado, Kansas, Minne
sota, Iowa, and Missouri. In addition, it drains
a small part of soumern Canada. lIS drainage
basin comprises about 16 percent of the con
tinental United Slates, and about 52 percent of
the state of Missouri.

The Missouri River forms me western
boundary of Missouri from the northwest cor
ner of lhe state to Kansas City. It is a straighr
Hne distance of about 116 miles, but 200 miles
by river. The river then meanders easl across
Missouri, using about 366 river miles to cover
a distance of about 240 miles. lbe alluvial
floodplain bordering the river varies from
aboul 2 to 8 miles Wide. It is generally wider
in the reach upstream from Boo'nvi//e than in
me lower reaches. Through Missouri, me
river has a gradient of aboUI 0.85 ftlmi (MGS,
1967).

Of Missouri's 114 counties, 25 border the
Missouri River. Based on 1990 census
figures, The total population of the Missouri
counties thal border the Missouri River is
3,038,471, or 59.4 percent of the population of
me state. The area of these counties totals
14,226 square miles, which is 20.4 percent of
the state.

Considerable infonnation isavailable con
cerning the flow of the Missouri River
through Missouri. Long-tenn discharge infor
mation is available fmm USGS gaging stations
at St. Joseph, Kansas City, Waverry, BoomJi/le,

Basin Descriptions ofMissouri Surface Water Resources

and Hermann. The stations at Kansas City and
Hermann have operated since 1897. Boonville
has been in operation since 1925, and those at
51. joseph and Waverly since 1928. There is
another station on the Missouri River at Rulo,
Nebraska, 50 miles upstream from 5L Joseph,
that has operated since 1949.

Table 5 summarizes the discharge char
acteristics of the Missouri River al me long
lerm gaging stations in Missouri. It shows the
changes in discharge, drainage area, odler
parameters between adjacent stations, and the
differences in flow berween St. josepb and
Hermann. Additionally, the table lislS the
main tributaries that enter the river between
adjacent gaging stations.

At 51. joseph, theMissourl River drains
an area of about 420,000 square miles. Aver
age discharge here through the period of
record is 41,520 ft3/sec. Maximum recorded
flow was 397,000 ft3/sec, April 22, 1952, and
minimum recorded flow was 2,300 ft3/sec,
measured on january 9, 1937. Figure 40 is a
flow-duralion curve ofrhe Wssouri River at St.
Joseph. Discharge here exceeds 15,100 ft3/sec
aboul90 percent of the time, and 37,0Cl0 ft3/sec
50 percent of !.he time.

Average annual runoff upstream from St.
Joseph is only 1.34 inches. This low runoff rate
is primarily due to the overall low precipita
tion rates in the upper basin States. Average
annual runoff in South Dakota, for example,
varies from about 2 inches in the Black Hills to
about 0.2 inches in me northeastern part of me
Slale (SO, 1975),

The Missouri River through most of
South Dakola and southern North Dakota is
little more than a series of large lakes. lbe
evaporation losses of these reservoirs are
greater than me flows of many smaller rivers.
The six main stem reservoirs in Montana,
North Dakola, and South Dakota store about
65 million ac-ft (SO, 1975). The combined
surface area of the six lakes is about 990,000
acres (CaE, 1994). Assuming an evaporation
rate of 24 in./yr, the losses from lhese lakes
average aboul 2,735 ft3/sec, a rale roughly
equivaJent [0 the average discharge of the
Gasconade River at jerome.
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J\'!ore;H1 River
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2,4 10('Jot

17,600

1,700
1-9-'40)

<12,200

928-1993

Waverly

ver
, C
'Ck Lit
ter I

Kansas CiTy

61,900
(15A)

1.34

41,520

Average discharge
increase belweerl stal ions, ftJ/s<:c (~6)

Average di5ch:uge, fl'/SCC

366.1 293.5
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Table 5. Long-term now dlaraClcristics - Mis.-.ouri River ill Missouri
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fjgure 40. flow-duntion curve, fo,fusowi River at St. Joseph. water years 1929-199'.

AI Hennolln, the farthest downstream
gaging slalion on the Missouri, the river drains
about 524,200 square miles. Average dis
charge here is aboul 78,400 ft'/sec and basin
runoff is 2.03 inches. Maximum recorded flow
was 750.000 ft'/sec and minimum recorded
flow \vas 4,200 ft'/sec. respectively. Figure 41
shows the average daily discharge for the
Mtssouri River at Hennann for water years
1993, the highest~flow year on record, and
1934, the water year of lowest flow. The
average values for these IWQ years were
181,800 ft'/sec, and 29.750 ft'/sec. Figure 42
is a flow-duration curve for the Missouri River at
Hermann. Discharge here exceeds 0,roo ft'/.sec
90 percenl of the time. and 50 percent of the time
flow is more than 58.100 ft'/sec.

Based on discharge records for the .sec
tion of river between Sl.Josepband Henntm,l,
a distance of about 351 river miJes. drainage
basin size increases 103.900 square miles

(24.7 percent). Average discharge increases
36,880 ft'/sec (88.8 percent), and runoff in~

creases 0.69 watershed inches (51.5 percent).
TIle Missouri River is used as a taW

water source for several public water supplies
including 51. joseph, Kansas City, !.£xingum,
Higginsville. Glasgow. BoorJuille,jefferst)ll City.
Sr. QJorles, St. Louis, and 51. Louis Counzy.
These supplies produce an average of about
2S8 mgd from the river to help meet the water
supply needs of a populalion of aboul
1.751.600, which is 34 percent of the popula
tion of Missouri. In addition, many other
towns use wells drilled intO the Missouri River
alluvium which is in part recharged by the
Missouri River.

WWER MISSISSiPPI RIVER 1llIIIULUlIFS
Surface water entering the MISSISSIPPI

River downstream from sr. Louis drains from
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Figure 41. Average dally discharge of the Missouri River al Hennann, w::illler years 1934 and 1993.

me northern and eaSlern flanks of me Ozark
uplift (figure 43). The region comains aboul
11,825 square miles, and accountS for aboUl17
percent of the surface area of Missouri.

In lhe northern part of the area, drainage
is through the Meramec Rtver basin. Be·
rween the mouth of the Meramec River and
Cape Girardeau, relatively small drainages
channel surface·waler runoff imo the Mtssts·
stppt Rtver. South of Cape Girardeau, me
Mississippi enlers lhe SoUlheaslem LovAands.
Drainage here has been extensively modifIed to

fadlitare draining several hundred square miles
of swamps in the pan of the Soulheastern low·
lands known as the Missouri Bootheel.

Drainage norm of me Boomeel tha( for·
merly flowed into and through the Soumeasl
em Lowtands has been divened lO the easl to

the Mtsstsstppt Rwer al me nonhern end of
me lowtands. Swamps in me Soul.heaslan

Lowlands were drained by a series of drainage
dilches that channellhe water south and west
intO Arkansas, and inlO the Mississippi River.
The Liltle River Drainage DistriCl is me man·
agemenl unit responsible for controlling sur·
face water flow in tltis area. The St. Fronds
River, which also COnltibUled lO drainage prot>.
lems in me BootheeJ, has been dammed at the
edge of the Ozark escarpment Wappape/k>
Lake impounds waler during high flow peO<X1s.
and rcleases it during drier weather.

The chentical Quality of water from
Slreams in this area is generally good. The
water is typically a caldum·magnesium-bicar
bonate typC. and is moderalely mineralized.
Total dissolved solids are typically less than
400 mgll. and chloride and sulfate are typical
ly less man 100 mgll. Suspended solids and
bacteria content of some of the rivers is high,
especially during high-runoff periods.

so
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figure 42. Flow-duration curve. Missouri River at Herman, water years 1929·1993.

MEJwomc RIvER
TheMeranrec River drains 3,980 square

miles of the Salem Plateau along the northern
and western flanks of the Ozark uplift. The
river drains parts or all of Dent, Phelps, Craw
ford, Reynolds, Washington, Iron, St. Francois,
SIC. Genevieve, Maries, Gasconade. Pranklin,
St. Louis and Jefferson counties. lls entire
drainage is in Missouri. Elevations in the
upland areas reach about 1,500 ft msl in the $t.

Francois Mountains, and where lhe Meramec
flows into lhe Mississippi River, the elevation is
aboUl 450 ft.

In the Meramec River baSin, as well as
most of dIe Ozarks, there is considerable
interaction between surface water and ground
water. Most of the rivers have high, well
sUStained base flows provided by groundwa
ter primarily enlering thestrearns from springs.
TIlere are thousands of springs in the Ourks,

some with average discharges greater than the
flows of many northern Missouri rivers. Other
streams in the Ozarks, some with more than
100 square miles of drainage, carry water only
after heavy rainfall and are typica1lydry, many
from their headwaters to their mouth.. Water
disappearing into the subsurface along dlese
losing streams travels through well-integrated
conduit (cave-like) systems that uansport the
water to me receiving spring or springs. Ad
ditional surface-water runoff enters the sub
surface in sinkholes, which are topographic
depressions in the land surface resulLing from
the subsurface removal of soil and rock. Sink
holes are common in the Ozarks and are an
important groundwater recharge feature, but
except for a few areas, the recharge from
sinkholes is minor compared to that from
losing streams. Considerable groundwater re
charge results from rainfall percolating down-

8'
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figure 4). Lower MissiSSippi River tributarie5 in Misoouri.
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ward through me permeable surficial materiaJs.
Much of the central and southern parts of

the Aferamec River basin are characterized
by karst features such as sinkholes, losing
streams, caves, and springs. Bedrock in moSl
of the area is Cambrian- and Ordovician-age
.sedimentary rocks, primari.ly dolomite unilS.
Solution activity in me dolomite has enlarged
fractures and other openings, fonning caves
and groundwater conduits that facilitates rap
id groundwater movemenL

The oldest rock exposed in the Meramec
basin is Precambrian-age igneous rock in the
SL francois Mountains. In Jefferson Cou.nty,
the Meramec River flows on rock as young
as Mississippian-age. The uplands in the
northern pan of the basin, primarily in
Bourbeuse River watershed, are underlain
by Pennsytvanian-age .sedimentary rocks.

Perennial flow in the Meramec River
begins near the headwaters just east of Salem
in Dent County. Upstream from here. the
Meramec River is a losing stream and provides
groundwater recharge. Downstream, flow of
the stream is well-sustained, even during dry
weather. The greatest dlange in flow charac
teristicsoccurs near Sl.]amesin Phelps County
where flow from Maramec Spring emers the
Meramec River.

Maramec Spring has an average dis
charge of about 145 ft'/sec. In terms of dis
charge it is the largest spring in the MeratneC
River basin, and nfth largest spring in Missouri.
Maximum recorded flow for the spring, which
is occasionally inundated by backwater from
the river, is 1,100 ft'/sec. Discharge informa
tion was collected al the spring for 25 years
during several periods between 1903 and
1981. The lowest recorded flow is 56 ft'/sec,
which occurred August I, 1934. During low.
flow periods, the Meramec River more than
doubles its discharge with the addition of
water from Maramec Spring.

Dry Fork enters the Meramec River a
shan dislance downstream from Maramec
Spring. Dry Fork drains an area of about 379
square miles. Upstreatnfrom the mouth ofDry
Pork, the Meramec River drains a similar area
(aboul 340 square miles)
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Although the drainage areas are of simi
lar size, the flow characteristics of Dry Fork
and the upperMeramec River differ dramat
ically. In the upper and lower partsofits basin,
Dry Fork is 3. perennial stream. However, in
its middle reach. Dry Fork is a losing stream.
Upstream from the Josingreach, it drainsaoout
313 square miles. Much of the surface flow
entering this reach is channeled into the sub
surface. The water resurfaces at ~faramec
Spring. Additionally, there are several other
rnajorlosingstreams indudingNonnan O'eek
and.Asher Hollow that contribute groundwa
terrecharge. Sinkholesand permeable surficial
materials in the uplands funher help provide
recharge to Maramec Spring (Vandike, 1996).

1he USGS operates three long-term gag
ing Slations on the Meramec River, and
others on the Bouroeuse and Big rivers.
The Meramec River near Sreelville drains aoout
781 square miles, which indudes Dry Pork,
the Meramec River above Dry fork, and about
60 square miles be[Ween Dry Fork and Steel
ville. 1he average discharge here is S87 fr'/sec,
based on clara collected be[Ween 1922 and
1993. The average annual runoff is 10.21
inches. Discharge of the river here exceeds
130 ft'/sec 90 percent of the time, and 262 ft31sec
50 percent of the time.

Upstream from the gaging station near
Sullivan, the Meramec River drains 1,475
square miles, and has an average discharge of
1,227 ft'/sec. Average annual runoff here is
11.31 inches. Be[Ween Steelville and Sullivan.
water from Huzzab Creek and COurtois
~ek enters the Meramec. Both of these
streams receive considerable groundwater
from springs and seeps. In addition, there are
numerous springs in this reach of the Meramec
that contribute flow.

Between Sullivan and the lowest gaging
station in the basin near Eureka, flow from the
Bourbeuse and Big rivers enters the
Meramec River. The Bourbeuse River dis
charges intO dIe Meramec near Union in Franklin
County. Itdrains818squaremiJesofthenorthem
part of lhe Meramec River basin.

Pennsylvanian-age bedrock underlies
much of the higher elevations of the
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Bourbeuse watershed in Phelps, Crawford,
Maries, Gasconade, and Franklin counties.
Ancient sinkholes mat formed prior to Penn
sylvanian deposition in !.his area were subse
quently filled with minerals induding refrac
tory day, hematite, and pyrite. TIlese filled
sinkholes were developed in On:!ovician age
dolomites, and have been important mineral
resources in the region.

Groundwater in me Pennsylvanian rock
is typically more highly mineralized than wa
ter in the OrdOVician rock beneath iL In some
locations, water discharging from the Pennsyl
vanian rock increases me sulfate and total
dissolved solids content of surface water,
especially during periods of low flow.

Upstream from Union, the Bourbeuse
River drains 808 square miles, and has an
average discharge of 665 fI'/sec. Data has
been coUeered here since 1921. The water
years of highest and lowest annual average
flows on the Bourbeuse are 1993 and 1954,
respectively, when discharges averaged l,nI
ft)/sec and 106 fI)/sec. Peak recorded dis
charge here occurred December 5, 1982, when
flow reached 73,300 ft)/sec. The lowest flow
recorded here was 11 ft)/sec on October 10,
1956. A comparison of the flow-duration
curve characteristics of the upper Meramec
River and me Bourbeuse River show how
groundwaler affects these srreams. The
Bourbeuse at Union drains 808 square miles,
and has a runoff raleof t 1.19 in./yr. Discharge
exceeds 40 fl)/sec 90 percent of the time, and
169 ft3/sec 50 percent of me time. In compar·
ison, me Meramec River near Steelville drains
a smaller area, 781 square miles. and has a
lower runoff rate, 10.21 inches. Yet, 90 per
cent of the time the flow at Steelville exceeds
130 ft3/sec, and the river discharges more than
262 ft3/sec 50 percent of the time.

The major difference between the two
walersheds that affects the low-now charac
teristics is the amount of groundwater that
enters the rivers. There are numerous springs
thai discharge intO theMeramec River. While
the Bourbeuse River does receive inflow
from springs, mey typically have much small-
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er discharges than the springs along the
Meramec. Most of the uplands in the Bourbeuse
watershed are underlain by Pennsylvanian
age sandslone and shale formations, or low
permeability OrdOVician-age dolomiEes. Run
off rates are higher in the Bourbeuse basin,
and groundwater recharge is less. Thus, more
direct runoff is channelJed inlO the river, and
there is less water from groundwater sources
to maintain now during dry weather.

TIle Big River drains the eastern part of
the Meramec River basin, and enters the
Meramec about 2miles upstream from Eureka.
H drains about 912 SQuare miles. Lead was
mined extensively in the upper watershed in
Washington and SL Francois counties from the
1700s until the middle 1900s TIlere has also
been conSiderable barite mining in the area
during this cemury. Sediment eroded from
tailings piles in these areas locally cause
sedimenlloading and W3ter-qualiry problems
in the receiving streams.

Upstream from Byrn.esvi/le, theBig River
drains 917 square miles. Average discharge
here, based on data collected between 1921
and 1993, is 862 ft3/seC. Average annual runoff
here is 12.77 inches. In water year 1985, the
highest-now year on record, discharge
averaged 1,934 ft3/seC. Water year 1954 is the
lowest-now year on record when discharge
averaged 227 f13/sec. Peak. recorded flow here
was measured Seplember 25, 1993, when it
reached 63,600 ft3/sec. TIle lowest flow ever
recorded, 25 ft'/sec, was measured AuguSI 30,
1936. Low and medium flows here are higher
than those of the Bourbeuse River, but less
than lhose of the Meramec River. Discharge
exceeds 116 ft)/sec 90 percent of the time, and
337 ft3/sec 50 percent of the time.

The Meramec River near Eureka drains
an area of 3,788 SQuare miles. Average dis
charge here for dle years 1903-1906 and 1921
1993 is 3,187 ft'/sec. Average annual runoff is
11.43 inches. Figure 44 shows average daily
discharge for the Meramec River at Eureka
during water years 1954 and 1985. the lowes!
and highesl now·years on record. In 1954,
di5Charge averaged only 751 fi 3/sec, while in
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figure 44. Average daily discharge of me Meramec River near Eweka, waler years 1954 and 1985.

1985 it averaged 7,407 fil/see. Peak recorded
now hereoccurred December6, 1982at145,000
ftlfsec. 1be lowesl recorded flow is 196 fi3/sec.
which was measured on August 27, 1936.
Figure 45 is a now-duration curve for the
Meramec River at Eureka. As can be seen from
the curve. the river has a high, well-sustained
base now. Discharge exceeds 520 fi3/sec 90
percent of the time, and 1.400 ft3/sec 50 per·
cent of the time. Table 6 summarizes the flow
and runoff charaaerislics for me Meramec River
at different locations in me basin.

Surface water from Lhe Meramec River
basin is used for public water supply only in
the lower pan of the basin. Jefferson County
PWSD _2 uses an intake in Big River to
supply raw water. TIle City of Kirkwood
pumps from the Meramec Rh'er. as does SL
Louis County Water Company. SL LouisCoun
ty ha:i two intakes in the lower Meramec.

MlssISSlPl'l RrvER. TRlBUfARIES BE I wEEN 1HE

Mmwo;c IlrvER AND CAPE Gowu>£AU

Between the mouth of the Meramec
River and the Headwater Diversion channel
just south of Cape Girardeauaresevera1 creeks
thatdrain directly intO theMtsstsslpptRiver.
These creeks typically drain less than 100
square miles. In the northern reach, their
drainage basins are mostly underlain by
Ordovician and older bedrock. Mississippian
age and younger rock underlies the upland
areas along the Mississippi river near me
mouths ofthe creeks. These drainages include
Rock Creek and Jonchlm Q-eek, bolh of
which are in Jefferson COunty. Skelton (1966)
calcula'ed the 7-<iay Q, for Joachim Creek at
HemotiJelo be 1.9 ft'/sec.

Plam" creek drains parts of Jefferson,
St. Francois. and Ste. Genevieve counties.
Upstream from the town of Plot/in, the creek
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3,187

I~ureka

781

587

Steelville

Average discharge, ftJ/sec

Sullivan J
i=====

1,475 lL 3_,7_88 _

Drainage area Increase between station_s,_m_i~'_(_"_) , L. 69_4_(_88,_'9_)__=r_2,_3_13_<_1.,5_6_,8_) _

1,227

Station

Average discharge increase between stations, ft'/sec (%) 610(109,0) 1,960059,7)

I I -~
-

Runoff, Inches 10.21 11.31 11.43

Runoff Incr~sc betwccn stalions, inches (%) 1.10 (10.8) 0.12 <1.1)6)
.

I-llghest average annual now, ftJ/sec(year-) 1,473(1985) 3,014 (1985) 7,407 (1985)

Lowest average annual flow, flJ/sec (year) In(l954) 341 (1954) 751 (1954)

Instantaneous peak discharge, ft'/sec (date) 51,200 (6-18-85) 77,300 (6-945) l<i5,(X)() (12-6-82)

InstantanCO\ls low flow, fl'/sec (date) 74 <7-22-34) 131 (9-20-56) 196(8-27-36)
-

Plow excct.-ded 90% of lime, fl3/scc 130 270 520
- --

Plow exceeded 50% of lime, ft3/scc 262 588 1,400

--- -_._--
Years of rcrord 1922-1993 1921-1933,1943-1993 1903-1906, 1921·1993

.- -- --
Ma\Or tributaries between slations Courtois Creek Indian Creek

Huzzah Creek Oout'lx:lIS(~ Riv(:l'
Brazil Creek Calvey Creek

Oig Hivcr

Dma SOllr(.'C: Reed and OIhers, 1993

Tahle 6, l,ong-term now dlaraeteristlcs - Mcrnml;c River
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drains 68.5 square miles. A gaging slation
operated here by the USGS between 1965 and
1992 showed Plattin Creek to have an average
discharge of 44.7 ft'/sec, and an average annu
al runoff of 9.23 inches. Maximum recorded
nows were 9,000 ft'/sec on June 22,1969, and
minimum recorded now was 2.7 fl'/sec on
July 22, 1966.

Establtsbment Creek drains pari of
northeastern S1. Francois County and nonhern
Ste. Genevieve County. River AUX Vases
drains the area soutll of Eslablishmenl Creek
in central Sle. Genevieve County. There are
large areas ofsinkhole drainage in the uplands
along the lower watershed of River Aux Vases
south of Ste. Genevieve. The sinkholes and
the cave SYStems that drain them are devel
oped in Mississippian-age limestones.

Saline Creek drains an area of southern
Ste. Genevieve and northern Perry counties.
The Ci[}' of Petryuil/e has a surface-water
intake in Saline O'eek southwest of the city.

There is a band of intense karst develop4
menl paralleling the Mlsslsstpp' River
through eastern Perry Coumy. lllOusands of
sinkholes, more than 600 caves, and dozens of
springs are located in this area. nlese karst
features are developed mosLly in middle
OrdoVician-age Joachim DolomiLe and Plauin
Formation. There are several sinkhole plains,
some with more than 10 square miles of contin
uous sinkhole drainage, where all of the surface
W3ler runoff is channelled underground.

Caves channel the water from the sink
holes to springs and karst resurgences along
the Sl,reams bounding the sinkhole plains.
Blue Spring Branch, Cinque Hommes
<reek andAppIe O"eek receive W3terduough
this shallow karst drainage system. TIle springs
discharging from the caves contribute little
flow during dry periods, but after heavy rain
fall their discharges will increase greatly until
water entering the caves from the sinkhole
plains is drained lhrough the system.

IlEADWATERS DIVERSION CHANNa.
Nowhere else in Missouri does the to

pography and physiography change more
abrupLly that it does al lhe Ozark escarpment,
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the boundary between the Ozarks and the
Southeastern Lowlands. The Southeastern
Lowlands, also called the Mississippi
Embayment and Bootheel, is a northern exten
sion of the Coaslal Plain. It extends from Cape
Girardeau south to the Gulf of Mexico. The
Southeastern Lowlands occupy an area of
about 3,900 square miles.

The New Madrid Seismic Zone in me
northern part of the Mississippi Embayment is
the most active earthquake zone in the U.S.
east of the Rocky Mounlains, and is an area of
geologic structural downwarping. Rock units
croppingout in the uplands north of the Ozark
escarpment dip into me subsurface in the
BootheeJ. In the central and southern parts of
the Bootheel, rock units are severallhousand
feet below the surface of tbe landscape. This
area is characterized by a history of faulting,
earthquakes, buried rifts, and other major
geologic occurrences that affected the surface
of the Bootheel as well as the subsurface.
Combined with this structural instability is the
alluvial plain created by dIe meandering paths
of the ancestral Mtsstsslpp~ Oblo, St.
Francts and Blat;;k rivers. Erosion and
deposition by rhesc rivers have helped create
the unique landscape of the Southeastern Low
lands. Over a period ofthousandsofyears, these
rivers have changed their paths numerous times,
leaving thick deposits of alluvial sediments cov
ering most of the Bootheel except for Crowieys
Ridge and similar physiographic fearures paral
leling the Ozark escarpment

Crowleys Ridge, Hickory Ridge, and the
Benlon Hills are erosional remnants thal es
caped the total destruction of erosion. They
are essentially islands of bedrock left in an
alluvial plain. Rivers changing their paths cut
new channels through low areas in the ridges,
but left parts of the ridges standing in relief.
This is an area L1lat has had a long geologic
history of major fault movements. Recent
work indicates that faulting may have played
a role in the formation of Crowleys Ridge and
other similar bedrock outliers in the South
eastern Lowlands (Hoffman et al., 1994).

In addition to the more prominent posi
tive topogra phic features, there are a few low



sand ridges and terraces that historically have
been relatively dryareas. Much ofthe Bootheel,
though, was once characterized by poor sur
face drainage and swampland. Accounts of
early 5etuers indicate that during the New
Madrid earthquakes of 1811 and 1812, some
areas setlled several feet due to seismic activ·
iry (Beveridge, 1992).

TIle swampy nature of !.he Soulbeast
Lowlands was caused by several factors. As
described above, topographic relief in the
area is very low, which hampers surface drain
age. TIle Soulhcastern Lowlands have the
highest average annual rainfall in Missouri,
nearly 48 inches in places. Thus, in an average
year there is an abundance of water from
rainfall. Exacerbating the problem was llle
addition of water into lhe lowtands from the
castor, Whitewater, St Francf.$ andBlack
rivers, wtlich drained 3,750 square miJes of
me Ozarks Plateau and channelled it into !.he
Southeast Lowlands. Add to all of this the
water from theMtsstsstppt and Ohio rivers
which bound the eastern edge of me area, and
the narure of the problem becomes abundant
ly clear. TIlere is a tremendous volume of
water draining through a nearly flat area.
Groundwater further added to the problem.
The alluvium covering most of the Bootheel is
very penneable. The water I3.ble has a high
elevation in most places, so even during dry
weather groundwater flOWing from the allUVi
um into the streams mainl3.ined high water
levels in them.

Drainage projects, beginning in the late
1800s, improved surface drainage in the
Bootheel, changing it from swamps 10 the
most productive agriculturaJ area in me Sl3.le.
An extensive area of the Bootheel is in the
Ltttle River watershed, which was character
ized by river swamps. The castor and
Wbtlewaterrlvers, which drain 1,I90square
miles of me Ozarks north of the embayment,
emptied into the lowtands, and flowed somh
through tbe Morehouse Lowlands into Arkan
sas. Flow from llle Litlle River joined with
them. To decrease inflow intO the embayment,
a new drainage channel called the Headwa
ter Diverston OxInnel was constructed lO
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divert the flows of the Castor and Whitewater
rivers to the northeast into the MIsSisslppt
River iuSl south of Cape Girardeau.. This de
creased drainage entering me Lin1e River water
shed by about 40 percenl FormerlySt Francis
RIver tribularies, the Castor and Whitewater
rivers are now Mississippi River tributaries.

The castor Rtver at Zalma, only a few
miJes upstream from the Headwater Diversion
Channel, drains 423 square miles. Headwa
ters of the river are in southern Ste. Genevieve
County. Il also drains parts of Perry, Cape
Girardeau, Sl Francois, Madison, Wayne, and
Bollinger counties.

A USGS gaging station gathered discharge
data here from 1920 through 1991. Average
annual flow doting the period was 519 ft'/scc.
Annual runoff averaged 16.66 inches. The
Whitewater Rtver drains a similar size area
to the east Long-tenn flow measurements are
not available for the Whitewater River. It
drains parts of Perry, Bollinger, and Cape
Girardeau counties.

ST. Flwias !lIvER
TIle St. Francis River has its headwa

ters in the St. Francois Mountains in lron and
Madison counties. The basin has the highest
t013.1 relief of any in Missouri. Taum Sauk
Mountain, highest point in Missouri, peaks at
an elevation of 1n2 ft msl and is on the west
basin divide. The river forms lhe boundary
with Arkansas on the eastern side of the
Bootheel, and leaves Missouri at an elevation
of about 235 f1 msI. Total relief in the water
shed is aboul 1,537 ft..

Although the rivers do not meet in
Missouri, llle Ltttk River is a Sf. Francis
River tributary because the flow of the twO
rivers combine a few miles south of the state
border in northeastern Arkansas. Overall, the
SL Francis River basin has decreased in size in
tbe last cenrury. Drainage from nearly 1,200
square miles was diverted through the Head
waler Diversion Channel inlo the Mtsstsstp·
pt River, which subslaJ1tially decreased the
drainage area of the Little River. A .series of
nearly parallel drainage ditches were dug
from the Headwater Diversion Channel into
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northern Arkansas in lhe LitlIe River water
shed 10 provide drainage. Similar drainage
projects in tbe eastern pan of the Bootheel
drained Water in the Charles[on Low1and iOlO

the Mississippi River near New McuJrid.
Flood-eonltol reservoirs were consltuct

ed in the lower St. Francis River and Black
River basins [0 conleol drainage from the
Ozarks into !he Southeast Lowlands. Levees
were conslJ'uclcd along most of the SlJ'eams
including the Mississippi River. Today,
very little water flows into !.he Mississippi
River from Missouri between the Headwater
Diversion Channel and the southern lip of the
state exceptnear NewMadrid, where drainage
ditches channel water from the Charleston
Lowlands inlO the river. The remaining water
in the southeast lowlands is channelled intO
northern Arkansas.

TheLtttle River formerly drained about
3,000 square miles, but diverting the flow of
the Castor River and WbUewater River
directly [0 !.he MississiPPi River has de·
creased the drainage area 10 about 1,810 square
miles. This is about 46 percent of the Soum
east Lowlands, and includes pansof Bollinger,
Cape Girardeau, Scon, Stoddard, New Madrid,
Dunklin, and Pcmiscon counties.

There isconsiderable published discharge
information for several of the drainage ditches
in l.his area. Flow of Linle River Ditch 251
near Kemtettwas measured from 1926l.hrough
1979. It drains an area of about 883 square
miles, or nearly one-half of the Little River
basin. Discharge here averaged 682 ft3/sec
through the period of record. Average annual
runoff is about 10.5 inches. Maximum record
ed discharge here is 8,300 ft'/sec, which oc
curred November 20, 1957. Minimum recorded
flow, which occurred September 23, 1969, is 22
ft3/sec.

Besides draining a sizeable area in the
Ozark Plateau, the main stem St. Fraru:ls
River in Missouri also drains most of me
Southeaslern Lowtandswest ofCrowleysRidge.
E..~duding the drainage contribulion of the
Ltttle RIver, the St Francis drains about 1,700
miz in Missouri. Of this, aboul 1,350 square
miles, m percent), lies in the Ozark Plateau.
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nle remamlIlg 350 square miles is in the
Southeast Lowtands. The SI. Francis River
drains parts of St. Francois, Ste. Genevieve,
Iron, Madison, Wayne, Butler, Stoddard, and
Dunklin counties.

The St. Francis RIver near Patter5ml
drains 956 square miles, all of which is runoff
from the St Francois Mountains and the Ozark
Plateau. Average discharge of the river here is

1,130 ft'/sec, based on data collected between
1920 and 1993. Average annual runoff for this
part of the watershed is 16.06 inches. Water
year 1985 had the highest annual flow at 2,731
fi 3/sec. Water year 1941 had the lowest aver
age discharge. 343 ft3/scc. Peak recorded flow
here is 155,000 ft'/sec, which occurred De
cember 3. 1982. The lowest recorded flow is
8.0 ft3/sec. which was on AuguSl 28, 1936.
Figure 46 is a flow--duration curve of tlle SI.
Francis River near Patterson. Discharge here
exceeds 52 f1 3/sec 90 percent of the time, and
335 ft3/sec 50 percent of the time.

Runoff entering the Southeastern low
lands from the Ozark Plateau in me St. Francis
River basin before 1940 worsened flooding in
the Bootheel. To help alleviate this, the U.S.
Army Corps of Engineers dammed the SI.
Francis River near the Ozark escarpment in
1941, and created WappapeUo Lake. About
1,310 square miles of drainage lies upstream
of Wappapello Lake. At conservation pool
level, it has a surface area of about 4,100 acres,
and contains about 30,900 ac·ft of storage. At
tlle top of the spiJIway, the reservoir has a
surface area of 23,200 acres, and impounds
613,000 ac-fl of water. AI. maximum pool,
which is unconlJ'olled above the spillway ele
vation, storage is 1,022,000 ac·ft. Besides
flood control, the reservoir also supplies rec
reational benefits.

1he average discharge of the Sf. Francis
River below Wappapello is 1,567 ft3/sec.
Discharge here has been measured since 1940,
and is completely controlled by releases from
the lake. Average annual runoff is 16.24
inches. 1he highest average annual flow was
in water year 1985 when it averaged 3.534 ft'/sec.
The driest year on record was water year 194]
when discharge averaged 406 ft'/sec. Peak
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Figure 46. Flow-dur:u;cm curve, 51. Francis River near Patterson, W:ller years 1922-1993.

91



Sur/au Waler Resources 0/MiSSOzm'

discharge here occurred April 16. 1945, at
22.300 ft3/sec. Periods of no flow have been
recorded at times during several years. Dis
charge here exceeds 40 ftJ/sec 90 percent of
the time, and 650 ftJ/sec SO percent of the time.

Figure 47 shows hydrographs of the St
Fran.cls River at Paller-son and below
Wappapeao Lake during water year 1985.
Figure 48 shows the same two stations during
water year 1941. To a great extent, the differ
ences between the hydrographs of the rwo

",..""

stations is the storage and later release of
water from Wappapello Lake.

Two towns in the St Francis River
basin use surface water for water supply. The
Ci[y of Fredericktown in Madison COunty uses
a 158 acre lake plus warer from the LUlie $I.

Francis River. Irou/ou uses Shepherd
Mountain Lake. which has a surface area of
21 acres. Both of these lawns are in areas
whae it is difficult to obtain large quantities of
groundwater.

,.....

" :
" I
"

~

3••
X. 10000-:

u

~..eo 1000

Jl
u•,;
~

"~
•~
~ 100

l

l/'~,\,, ~ .., ..! ~

, i
: :,,
1:

r

r" ~,'\ ....\ ",
\ \ \

\ .... .

\

\ i ~\ VJ"",,-·: ' ; :f, . ~

" \"..
I:
I:..
""....
"..
""""""

j

,~

, '.J ~

i

,

\
\

~
\r,
,". 1
,
1, ,, ,, ,
'~

"'''''

,""

'1~;:=;=JS~I.~F;..~n~ci~'JIfo~""'~J~;.'~P~.tt;';~~~~r __r __r-:---",...,r'_-r-:-+St. Franci~ RiYer below Wappapello Dom
10 10
~IN~I~I~nl~I~MI.IN~I~IJ~l~ I~p

figure 47. Average <bUy discharge ofthe Sl Fr2ncis River near P.1ttetsotl and below W.1ppapellodam, "':iter }'ear 1985.

92



Basi" Descrlplions 0/Missouri Surface WaJer Resounes

ooסס, ,....

'00

'''''

"

......

\
\
~...~ ,~..

::
"--..", ::" ," ,, ,

:i!
'"" ," ," ," ,f !....•

1

,
\
\

...

"

~
c
o
u••

-]
u
:a
il
.;
eo 100
o
-:;..
~

~
~

•~
~

l

Oct sep
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MAIN StEM LoWER 1IIlsslssIPPl RIVEll
Between me moum of me Missouri

River and ihe 50ulhern tip of Missouri four
miles south of Cottonwood Point in PemiSCOl
County, lhe Mississippi River meanders
3~ miles to cover a straight-line distance of
about 194 miles.

Discharge of ihe ltfissl.sstppl River at
51. Louis has been measured since 1861. Av
erage daily flow here during the period of
record is 186.100 fi'lsec. The river has a
drainage area of about (f:)7.000 square miles,
and annual runoff averages 3.63 inches. Fig
ure 49 shows discharge hydrograpbs for the
Mississippi River at St. Louis for the years of
lowest and highesl discharge. Waler year

1993 is the highest flow year on record. Dis
charge during the year averaged 429,700 fl'/sec,
and peaked at 1,08),000 ft'lsec on August I,
1993, a new peak discharge for the river here.
Water year 1934 marked the year of lowest
flow when discharge averaged 67.700 ft'/see.
The lowest flow ever measured on the river
was 18,100 ft'lsec, which occurred December
23, 1863. Discharge of the river here e.'"tceeds
67,600 ft'/sec 90 percent of the time, and
148,000 ft'/sec 50 percent of the time.

At QJester, lIIinois, the river has gained
another 11,600 square miles of drainage, and
drains a lotal of 708.600 square miles. More
lhan one-third ofthe gain is from theMeramec
River basin. Based on data (oUeeled from
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Figure 49. Average daily discharge of the Mississippi River at Sl. Louis, water years 1934 and 1993.

1927 to 1993, discharge averages 203,300 ft'/=:,
and average annual runoff is 3.90 inches. Flow
here exceeds 75,800 ft)/sec 90 percent of the
lime, and 163,000 ft.l/sec 50 percent of the
lime (figure SO)'

The Mlsstsslppl River at 71Jebes, 1I1i.
nois, the southernmost gaging station on the
Mississippi in or adjacent to Missouri, has a
drainage area of 713,200 square miles, and an
average discharge of 202,400 ft'/sec. 1b.is is
based on data collected between 1932 and
1993. Runoff here averages 3.86 in.lyr. High
est and lowest flow years on record here were
W3teryears 1993 and 1934, respectively, when
discharge averaged 446,000 ft'/sec and 71,730
ft.l/sec. peak recorded di.scharge here was

recorded Augusl 7,1993, at 996,000 ft'lsec. The
minimum flow ever recorded here was 23,400
fNsec on December 13, ]937. Discharge here
exceeds 73,000 ft.l/sec 90 percent of the time, and
]6Z,OOO ft'/sec SO percent of the time.

The Ohio River empties imo me Mts
slsslPPI River near Charleston. From here,
lhe Mississippi flows another 126 miles south
before reaching the soulhern border of the
state near Cononwood POinL

WIUTE RIVER TRIBUTARIES
The White River and its tributaries drain

about)0,645 square milesofsouthern Missouri,
which is about 15.3 percent of the state (figure
51). TIle river ha::i it.:) headwaters in nOnhWe:5l-
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Figure 50. Flow-duration curve, MissiSSippi River at CheSler, Illinois, water years 1934-1993.

ern Arkansas and flows northeast into Missouri
in Barry County. IL continues flowing eaSt and
nonh in Barry and Slone counties. then rurns
to !.he southeast and leaves Missouri in Taney
County. Upstream from where lhe river leaves
Missouri it drains 4,420 square miles. Essen
tially none of the White River in Missouri is a
free-flOWing slteam. The river enters Missouri
in the upstream reach of Table Rock Lake.
Below Table Rock il flows directly into Loke
Taneycomo, and the taiJwatersofBullShoals
Lake, which lie mostly in Arkansas, reach
nearly to Lake Taneycomo.

The upperWbueRiver basin in Missouri
drains part of the Springfield Plateau, but most
of the drainage basin is within the Salem
Plateau. This part of the Ourks is considered
some of lhe most scenic country in the Mid
continent region. The area is rugged, charac
terized by rolling upland areas and steep,
relatively narrow valleys hosting dear, spring·
fed streams and rivers. Much of the area is
forested, and natural water qualiry is generally
excellent. During low·flow periods, the flows
of rivers in lhis area are primarily derived from
springs and seeps, thus water qualiry is to a
greal degree controlled by the quality of

groundwater. The surface waler is rypically a
calcium-magnesium-bicarbonate type, which
reflects the dolomite bedrock from which the
springs discharge. Sulfate, chloride, and nutri
ent levels are generally low except below
wastewater discharges. Low dissolved oxy
gen levels belowTable Rock andBullShoals
dams rypically occur during lale summer and
early fall months. The low levels are caused
by organic materials depleting oxygen in the
deeper parts of the reservoirs where there is
little circulation. Large quantities of the low
dissolved oxygen waler are released through the
turbines when electrical power is needed, affect
ing the dissolved oxygen content of the river for
some d.islance downstream of the dams.

Powersite Dam, and Lake Taneycomo
which it impounds, are the oldest of theWhite
River dams and lakes. Constructed in 1912 by
Empire District Electric Company, Powersite
Dam was built to supply electrical power.
Compared to other major reservoirs in the
state it is quite small. AI normal pool, the lake
has a surface area of only about 2,100 acres,
and impounds about 9,175 ac~ft.

Table Rock Lake, which is immediately
upstream from Taneycomo, began filling in
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Figure 51. White Rlver tributaries in Missouri.



1956 and was completed in 1959. Most of the
lake lies in Missouri, and if drains an area
containing 4,020 square miles, mOSI of which
is in northwestern Arkansas. Al multipurpose
pool level it has a surface area of 43,100 acres.
and stores abouf 2.702.000 ac-fl of waler. In
addilion, it has anolher 3,462,000 ac-ft ofnood
control storage (Alias, 1986).

Only a small pan ofBun Shoals Lake is
in Missouri. Bull Shoals dam is near Moumain
Homein northweslern Arkansas. The dam and
reservoir were completed in 1952, and the
lake is the largest of lhe White River im
poundments. 111e multipurpose pool has a
surface area of 45,440 acres, and contains
3,048,000 ac-ft of storage. The flood pool
contains 5,408,000 ac·n of flood-control stor
age (Atlas. 1986).

Discharge of me White River has been
measured at a USGS gaging station near Bratl
son since 1909. 'Ibe site is about 600 ft
downstream from Table Rock Dam; flow has
been regulated by me dam since 1956. Aver
age discharge here is 3.823 (['/sec, or an
average annual runoff of 12.92 inches. Years
of highest and lowest average discharge oc
curred in 1957 and 1954, respectively, when
flows averaged 7,797 ft'/sec and 729 ft'/sec.
Peak recorded discharge is 89,100 ftl/sec,
which occurred May 16. 1956. 11Iere are
periods of no discharge when releases from
Table Rock Dam are curtailed. Discharge here
exceeds 2,250 ftl/sec 50 percent of the time.
and 140 ft'/sec 90 percent of the time.

A1lhough !.here is an abundance of sur
face water available from the White River
and the lakes, only one city in Missouri 
Branson - uses me White River for walCT
supply. The Ciry of Branson has a surface
water intake in Lake Taneycomo. Addition
ally. Branson uses eight deep wells that pro
duce from the Ozark aquifer to meet water
supply needs.

JAMES IbvER
11le White Rtver has numerous triburar

ies in Missouri. The largest tributary which
nows into the White River in Missouri is me

James River. The James River drains 1,460

Basin DescrlfJi<ms ojMissouri Surface Water Resources

square miles, including paris of Webster,
Greene, Douglas, Christian, Lawrence, Barry,
and Stone counties. The river flows in1.0 Table
Rock Lake near Kimberlitzg City in Stone
County. Near Spriugfield, 1 mile downstream
of the Blackman Water Treatment Plant in
take, the river drains 246 square miles. Be
tween 1955 and 1993, the discharge of ule
river here has averaged 237 ft~/sec. Basin
runoff has averaged 13.11 in.lyr. Flows ex
ceed 12 ft'/sec 90 percenl of the time, and 78
ft'/sec 50 percent of the time.

The James Rtver supplies part of the
water supply for City of Springfield. Addition~

ally, il receives treated wastewater from the
same city. Water is removed from the James
River near the Blackman Water Treaunem
Plant and is used for municipal water supply.
A dam on the James River in southeastern
Springfield impounds water for cooling a
municipal steam-electric generating plant.
Treated waslewater is discharged into Wilson
creek in ulesoumwestem part of Springfield.
Wilson Creek is a James River tributary. Pan
of the treated wastewater disappears into the
subsurface a short distance downstream from
the treatment plant, and il resurfaces atRader
Spring. a shoTt distance downstream on Wu
son Creek. Water in the James River is a
calcium-bicarbonate type, reflecting the lime
stone bedrock in the Springfield Plateau.
Below its confluence with Wilson Creek tile
water contains elevated bacteria and nutrients
(Reed and others. 1993).

Upstream from Galena, theJames River
drains 9f57 square miles, and has an average
annual runoff of 13.56 inches. based on data
collected between 1921 and 1993. '!be llighest
flow recorded here occurred September 25,
1993. when d&harge measured 73.200 fi'/sec.
1he waler year with the highesl average
discharge was 1927, when it averaged 2,499
ft~/sec. The water year with the lowest average
flow and the lowest recorded flow was 1954.
when discharge averaged 119 ftl/sec and
reached a low of 10 fi'/sec on September 20.
Discharge here exceeds 430 ft'/sec 50 percen!
of the time, and 90 percent of the Lime flow is
grealer than 118 ftl/sec.
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Other White River tributaries in Missouri
indude Bull Creek, Swan Creek, BeaverCreek,
Big Creek, and the Little North Fork River.
These creeks drain into the White River at
Taneycomo and Bull Shoal lakes.

NORTH FoRK Rrvo.
lbe North Fork River and itS main

tributary, Bryant freek, drain pansofWright,
Texas, HoweD. Douglas. and ozark coumies.
lbe North Fork rises near Mountain Grove,
and the river drains 1,310 square miles of the
Salem Plateau.. It flows into Noifork Lake
near Tecumseh, a few miles north of the
Arkansas border.

Upstream from Tecumseh. Bryant Q-eek
and the North Fork River are as dose to
being identical basins as can be found in
Missouri lbeir drainage areas, geology, phys
iography, and dimate are very similar. The
NOM Fork drains 561 square miles, while
Bryant Creek drainage is slightly larger at 570
square miles. 60th basins are underlain by
Ordovician dolomites and sandstones.
Jefferson City and Cotter dolomites underlie
tlte upper watersheds. lbe Roubidoux For
mation, an interbedded sandstone and dolo
mite, forms the valley waJls on Bryant Creek
and the North fork, and the bed of many
tributary valleys of both 'W'3tersheds. lbe
Gasconade DolOmite forms the lower valley
walls and river bed along both streams. De
spite these similarities, the discharge characteris
tics of mese otherwi.se: nearly identical streamS

vary considerably.
Between 1945and 1985, meNortb Pork

River had an average discharge of 730 fi'/sec.
Despite its slightly larger drainage area, dis
charge for Bryant O"eek averaged only 530
ft'/sec, 200 ft3/sec less than the North Fork.
lbe North Fork River had an average annual
runoff of 17.67 inches, while that for Bryant
Creek was 12.62 inches. Annual runoff for this
region averages about 14 inches. lbe reason
for !.be difference in discharge between !.be
twO streams is simply hydrologic thievery 
water is being pirated from Bryant Creek and
transponed through thesubsurface totheNorth
Fork River.
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Like masl of the WbUe River tributaries,
!.bere arc numerous springs along both Bry
ant Creek and the Nortb Pork River. lbe
NOM Fork River has the largest springs, in
duding Double Sprhlg with an average dis
charge of aboul 127 ft'/sec, and North Fork
Spring, which discharges an average ofabout
70 ft'l= (Vineyard and Feder. 1974). These
[WO springs are less than 1,000 ft apart.

The largest spring in the Bryant Creek
basin is Hodgson &1IU Spring, which has an
average discharge ofabout 35 ft3/sec. Hextgson
Mill Spring is about 45 miles west ofDouble
SprI"g andNortb Fork Spring. Dye tracing
has shown that these three springs are sepa
rate outletS ofa single spring system. Fluores
cent dyes inject.ed into lasing streams in upper
Bryant Creek, and adjacent dra.in.age in the
upper Gosconode River basin more than 30
miles 10 the northwest, reappear at Double,
NOM Fork and Hodgson Mill springs (\Vdl
iams, 1986 and 1987, and Brown, 1988).

TIle quality of water issuing from these
springs is essentially identical, further indicat
ing that the springs are separate rises from the
same subsurface drainage system. However,
mostofthe recharge area ofthese three springs,
whose combined discharge averages about
230 [t'/sec, is in the upper Gasconade River
and upper Bryant O"eek basins, yet mosl of
the water discharges into tbeNortbPork River,
wltidl serves to increase its average discharge
while deaeasing that of Bryant Creek.

Figure 52 is a hydrograph showing dis
charge ofBryant Creek and the Nortb Pork
River in waler year 1981, which was a rela
tively dry year. Much of the year, flow in both
streams was primarily groundwater inflow.
TIle difference in discharge between the [WO
streamS was generally ISO ft'/sec to 200 ft'/sec,
which is approximately the flow of Double
and North fork springs.

Between 1944 and 1993, theNortb Fork
River near Tecumseh had an average dis
charge of743 f1'1=. and a runolfor 18.00 in./yr.
Figure 53 shows hydrographs of the stream for
the highest and lowest water years on record.
In water year 1985, dischaJ-ge averaged 1,555
ft'/sec, whiJe in 1954 the average flow was
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Figure 52. Average daily discharge of the Nonh fork River and Bryanl Creek near Tecumseh, waler year 1981.

only 299 fi)/sec. Peak recorded discharge oc
curred November 19, 1985, al 133,000 fi'/sec,
and the lowest flow ever measured is 187
ft)sec. which occurred September 14-15, 1954.
Figure 54 is a flow-duration curve of the North
Fork River al Tecumseh. As can be seen from
me graph, me North Fork has avery high, weU
sustained base flow provided by numerous
large springs. Discharge exceeds 288 fi3/sec
90 percent of the lime. and 501 ft)/sec 50
percenl of the time.

The Non/) Fork River drains into
Nor:fork Lake a few miles north ofme Arkan
sas St.:l1e line. Most of the 22,000 acre lake is
in Arkansas. It contains 1,251,000 ac-ft of
storage in the multipurpose pool, and an
additional 1.983,000 ac-ft of flood control
storage. ItS beneHtS include flood control,
recreation. and hydroelectric power(Ada.s. 1986).

There are very few towns in the North
Forll River basin; most towns of any size are
along or outSide of the watershed divides to the
nOM and east. Water quality here is generally
very good. The water is a moderately mineral
ized caldum-magnesiwn-bicarbonate cype. Nu
trients, sulfate, and chloride are generally low.
No towns in the North Fork River basin use
surface water for munidpaJ water supply.

!lIAcx RIvER
The Black Rtver is a major White River

tributary. It drains aoout 1,400 square miles in
Missouri. but the flows of the 0uTenl River,
Eleven Point River, and Warm Fork of tbe
sprtng River are added to it in nonheaslem
Arkansas. The Black River rises in Iron County.
and it drains the western side of the St. Francois
Mountains; Taum Sauk Mountain is on the east
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Figure 53. Average d:tily discharge of Lhe NOM Fork River near Tecumseh, water years 1954 and 1985.

drainage divide. The river drains all or pans of
Iron, Oem. Reynolds, Wayne, Shannon, CaJter,
Ripley, and Buder counties.

TIle watershed is about 90 miles long in
Missouri, and generally 20 miles to 30 miles
wide. Precambrian igneous rock crops out in
me northeastern pan of me basin. Narrow
valleys that cut into the resistant igneous rock
foons shut-ins at several places in the upper
watershed. Cambrian sedimentary rock forms
the bedrock surface Utroughout much of the
upper part of the walershed, and Ordovician
rock underlies the lower basin. Most of the
active underground lead mines in Missouri are
in the Black River basin. Clearwater Dam
impounds the Black River near PiedrnonL
flows are regulaled below the dam to de
crease nooding in the Boothed, The Black

flows into the Southeastern Lowlands near
Poplar Bluff.

Near Annapolis, upstream from
aearwater Lake, the Black River drains
484 square miles. Based on data collected
between ]939 and 1993, discharge here aver
ages 591 ftl/sec, and runoff averages ]6.60
in./yr. Discharge in waler year 1985, highest
flow year on record, averaged 1,420 ftl/sec,
while discharge in water year 1954, lowest on
record, was 244 ft3/sec. Highest and lowest
instantaneous discharges were 98,500 ft3/sec
on November 19, 1985, and 67 ft3/sec on
August 12, 1965. Figure 55 is a flow-duration
curve for the Black River near Annapolis.
Discharge here exceeds 116 ftl/sec 90 percent
of the time, and is greater than 271 ft3/sec 50
percent of the Lime.
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There is a hydroelectric facility in me
East Fork Black River drainage that lakes
advantage of the high relief in this area as weU
as electrical demand patlerns. Taum Sauk
Hydroelectric Plant is a Union Electric facility.
Jl consists of a lower reservoir on the Easl Fork
Black River, an upper reservoir on top of
Proffit Mountain, and a hydroelectric plant
berween them. During peak electrical de·
mand periods, water is released from the
upper reservoir into a 6,500 ft-Iong runnel
leading to the turbines and generators at me
upper end of the lower reservoir. The vertical
drop between the two is nearly 800 feet.
Water is pumped back into the upper reservoir
during low electrical demand periods when
there is excess power available.

Like most areas in the Ozarks, losing
&reams and other karst features have devel
oped in the Black: River basin. One of the most
notable losing Streams isLogan creek, which
drains pan of western Reynolds County. Logan
Creek is perennial and a gaining stream in the
upper watershed, but there is a several-mile
dry reach upstream of Ellington where surface
water disappears through the permeable stre·
am.bed into bedrock conduits below. instead
of reappearing at a spring farther downstream
in the watershed, the flow lost here crosses me
basin divide and reappears at Blue Spring,
about 10 miles to the southwest near Olds
Bend on the 04rrent River (Vllleyard and
Feder, 1974).

Gearwater Dam is on the Black River
near Piedmcml. The dam is in Wayne County,
but nearly all of the reservoir is in Reynolds
County. Upstream from the dam, the Black
River drains 898 square miles. 1be reservoir
was canslrUcted primarily for flood control
and began ftlling in 1948. Along with flood
control, it is a popular recreational area. The
permanent pool is relatively small. II has a
surface area of aOOu11,600 acres and contains
only about 21,920 ac-ft of storage. 1be remain
ing storage, 391,BOO ac-ft, is flood storage.

The Black River flows into the South
eastern Lowlands at Poplar Blu,ff Here, the
river drains 1,245 square miles and has an
average discharge of about 1,330 ft'/sec. This
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is based on flow dala collected between the
periods 1936-1937 and 1939-1993. Average
annual runoff is 14.51 inches. Water year 1984
was the year of highest flow and discharge
averaged 2,858 ftol/sec. Water year 1954 was
the lowest, and flow averaged 564 ft'/sec.
Maximum flow recorded here was 65,000 fi.3lsec
on December 4, 1982, minimum recorded
flow was ISO ft'/sec on september 25-26,
1966. Aow of tile river here exceeds 369 ft'/sec
90 percent of the time, and 781 ft'/sec 50
percent of the time. The dties of Poplar Bluff
and Piedmont have intakes in the Black River
and use it for municipal water supply.

C1.nuwrr ilIvEIl
For those who are familiar with it, the

04rrem River is synonymous with canoeing
and river recreation in Missouri. TIle river
flows 140 miles through the Salem Plateau.
The area is characterized byswift, clear streams
and numerous large springs, whidl provide
high base flows even during dry weather. In
all, the Current drains about 2,120 square
miles in Missouri in Dent, Texas, Shannon,
Howell, Carter, Reynolds, Oregon, Butler,
and Ripley counties. The Current River froin
Mml.lauk to near [)o1lipban is within the
Ozark National Scenic Riverway, and is under
the management of the National Park Service.

The o"rrent Riverbegins in Dent Coun
ty where Montauk Sprtftg, eleventh largest
spring in Missouri, rises from openings in the
Ordovician-age Gasconade Dolomite. The
spring discharges an average of about 60 ft'/sec,
and much of the time provides essentially all
of the water in the Current River here. Up
stream from MOtllauk, the Current River is
called Pigeon O'eek and is mostly a losing
stream watershed. Only during wet weather
does Pigeon Creek carry appreciable water in
the lower reaches. Water disappearing into
the subsurface in Pigeon Creek provides re·
charge to Montauk Spring.

Ute OIrnmt River Basin contains more
large springs than any other l\fissouri watershed.
Of me nine springs in Missouri WillI average
discharges greater than 100 ft3/.sec, four of them
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are along me Current River. Seven are in the
White River basin. 111e high concentration of
large springs provides a high base flow for the
Current River. Discharge of the river tends to
increase modestly between springs, 3Jld sub
Stantially where major springs discharge into dIe
river. Welch Spring, awe Spring, Pullttte
Spring, andRo",ut Spring add lheir flows into
lhe upper Current River. In addition, there are
areas below Puntile and Round springs where
considerable water discharges directly into the
river through ilS bed ()\!ey, 1978). The main

tributary of dle Current River is theJacks Forll.
l1le Jacks Fork has a relatively small

drainage area of only 422 square miles. How
ever, it has a very high average discharge due
to springs along its reach. A.lley Spring,
Missouri's sevenlh largest spring, wilh an av
erage discharge of about 125 ft'/see, discharg
es into the Jacks Fork a few miles upstream

from Eminence. AI Eminence, the Jacks Fork
drains 398 square miles. The discharge of the
Jacks Fork here averages 457 ftl/sec, and average
annual runoff is 15.60 inches.

Figure 56 shows the average daily now
for r1:IeJacks Fork at Emilletlceduring water
year 1985 and water year 1954, the years of r1:Ie
highest and lowest average annual flows
Discharge averaged 1,072 ftJ/sec in \Valer year
1985, but only 154 ft'/sec in water year 1954
Despite the relatively small drainage, the low
est flow measured here during the period of
record, 1921·1993, was 64 ft'/sec. Discharge
exceeds 123 ft'/sec 90 percent of tile time, and
241 ft'/sec SO percent of che time.

Blue Spring adds its discharge to the
04rrent near Owls Bend. Average now of
Blue Spring is about 107 ft'/sec, much of
which comes from outside of the Current River
basin Water lost into the subsurface on
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Loga" O'eek, a Black River tribulary, reap
pears at BI ue Spring.

At Van Buren, the Olrrent River drains
1,662 square miles. Flow here between 1912
and 1993 averaged 1,965 ft'/see, and annual
runoff has averaged 16.02 inches. Water year
1985 had the highest average flow, 4,811 ft'/sec,
whiJe waler year 1956 was the lowest with an
average discharge of 799 fi'/see. Maximum
recorded flow here was 125,000 ft'/sec on
August 21,1915, and minimum recorded flow
was 473 fi'/see, which was recorded OCtober
7, 1956. About one-balf of the time flow is
greater than 1,230 ft'/see, and 90 percent of
the time discharge exceeds 691 ft'/sec.

The largest spring in Missouri enters the
04rrent River about 4 miles downstream
from Van Buretl. Appropriately named, Big
Spring discharges an average of about 443
ft'/sec into a spring branch leading to the
Current River. At nonnal flow, Big Spring
discharges enough water to meet the average
water supply needs of Missouri's three largest
cities. The City of St. Loulsuses an average of
152 mgd, Kansas CUys average use is 85 mgd,
and Springfield uses an average of about 23
mgd (DEQ, 1991). Combined water use for
these three cities averages 260 mgd. Average
discharge of Big Spring is about 286 mgd.

Peak discharge of Lhe spring has been
estimated at 2,000 ft'/see. However, high
spring Slages tend to occur during floods on
the Current River. and backwater from the
river makes high-flow measurements of the
spring aU but impossible. The lowest dis
charge ever measured al the spring was 236
ft'/sec on October 6, ) 956.

At Doniphan, near where the 04rrent
River flows into northern Arkansas, the river
drains 2,038 square miles, and has an average
discharge of 2,n5 fi'/sec. Based on data
collected between 1918 and 1993, average
runoff here is 18.50 inches. Figure 57 shows
average daily discharge during 1985, the wa
ter year of highest average flow, and water
year 1954, the year of lowest flow. Average
discharge in waler year 1985 was 5,856 ft'/sec,
and in water year 1954 it averaged 1,326 ft'/sec.
Maximum recorded flow here was 122,000

Basin Descripi(}nS ofMiSSOuri Surface Water Resources

ft'/sec, on December 3, 1982, and minimum
recorded flow was 852 ft'/.sec on October 8,
1956. Figure 58 is a Oow-duration curve of the
Current River at Dotliphatl. Di.sc.harge here
exceeds 1,170 ft'/sec 90 percent of the time,
and 1,910 ft'/.sec 50 percent of the time.

TIle drainage area of the Olrrent River
berween Van Buren and Dotlipban increases
only 376 square miles. However, the average
discharge and average runoff increase much
more than would be expected. Average dis
charge increases 810 ft.'/sec, and average an·
nual runoff increases from 16.02 inches to 18.5
inches, an increase of about 2.48 inches. Most
of this increase is from springs entering the
river along lhis reach, the largest of which is
Big Spring. The area recharging Big Spring
lies west of the Current River. Most of the
recharge comes not from within the Current
River basin, but from the Eleven Point River
basin. Dye tracing by Aley (975) and oLher
researchers show that water lost into the sub·
surface in part of the Eleven Point basin reap
pears at Big Spring. Cornparingaverage annu
al runoff values for both rivers shows thaI
runoff for the Eleven Point is less than normal
for this area while that for the Current is greater
than expected.

No lawns in the o.rrent River basin
use surface water for munidpal water supply.
Groundwater in this area is easily obtained
and more economical for most small towns.

Eu!vEN PoINT 1lJvER
The Eleven Point River rises northwest

of Willow Springs, and drains about 1,000
square miles in Howell, Shannon, Oregon,
Carter, and Ripleycounties. The basin is about
60 miles long and 15 to 20 miles wide. The
Eleven Point flows into the Black River in
northeastern Arkansas, and like the 04rrent
River it is a popular recreational stream. Pan
of its reach has been designated a National
SCenic River, and is under the management of
the National Forest service.

nle upper part of the Eleven Potnl
River, as weU as many of its tributaries, are
losing streams. nlese drainages carry flow
only briefly after heavy rainfall, or during
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Figure 57. Average daily discharge, Current River at Doniphan, water years 19$<1 and 1965.

extended wet periods. From 1950 through
1975, discharge of the Eleven Point River near
l1Jomasuilleaveraged 101 ft3/sec, and annual
runoff averaged only 3.80 inches. Above
Thomasville, the Eleven Point drains 361
square miles. Compare these values to lbose
for theJacks Fork and it can be easily seen
thal much of l.be water IOSl into the subsurface
in lbe upper Eleven Point River is not rerurned
lO the stream above Thomasville. The Jacks
Fork, which has a similar drainage area, 398
square roUes, has much higher average discharge
and runoff ral.es, 457 ft3/sec and 15.60 inches,
respectively.

Much of the grou.ndwaler recharge in me
weslern and soumern pari. of lheEleven Point

River basin reappears al. Greer Spring, Mis.
souri's second largesl. spring. Greer discharg
es an average of about 340 ft3/sec from (wo
openings developed in lbe Gasconade
Dolomite about a mile from me Eleven Point
River. Highest and lowest recorded flows for
me spring are 1,770 ft3/sec on December 3,
1982, and 104 ft3/sec on November 19, 19S6.
Surface-water runoff from a 3 square mile area
upslteam from Greer Spring is included with
the spring flow, SO actual discharge of the
spring during higb-flow periods is slightly
lower man reported values. Discharge of
Greer Spring is more than 168 ft3jsec 90 per
cenl of the time, and exceeds 319 ft3/sec 50
percent of the lime.
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Upstream from the gaging Slation near
Bardleyin Oregon County, theEIeven PohrJ
River drains 793 square miles. From 1921 to
1993, the river has had an average discharge of
774 ft'/sec. Average annual runoff here is
13.26 indIes, which is a considerable increase
over that measured a few miles upstream at
Thomasville. The increase reflects groundwa
ter entering the river from Greer Spring and
numerous other smaller groundwater outlets.
Runoff, however, is still lower than it should
be. This is primarily due to the subsurface
movement of water from the Eleven Point
basin intO Lhe Olrrent River basin.

Dye tracing shows Hurrtalne Creek, a
majorEleven Point River lributary, and reach
es of Lhe middle Eleven Point drainage a few
miles west of Thomasville, lose water into the
subsurface Lhal reappears atBlg Spring CAley,
1975). Based on dye tracing and flow dala, it
is likely that Big Spring derives as much as 80
percent of its recharge from the Eleven Point
basin. Figure 59 is a flow-duration curve of the
Eleven Point River near Bardley. Discharge
here exceeds 264 ftl/sec 90 percent of the
lime, and 550 ft'/sec 50 percent of the time.
Discharge in water year 1985, I.he highest flow
year on record, averaged 1,782 ft'/sec. In
water year 1981, the lowesl on record, dis
charge averaged 310 ft'/sec. Maximum re
corded flow for dle river here Vv'3S 49,8X> ft'/sec
on December 3, 1982, and minimum recorded
flow was 152 ft'/sec, on January 27,1956.

SPlUNG 1bvER 'IiuBuwuEs
The Spring River is a Black River

tribulat)' that begins in southern Missouri but
has most of its drainage area in northeastern
Arkansas. Tributaries of the Spring River in
Missouri include lhe Warm Fork Spring
River, BusseU Brancb-Engllsh Creek,
Myatt creek, SOld" Fork Spring River, and
We$! Fork Spring River. Combined, these
walersheds drain only about 245 square miles in
Missouri in Howell and Oregon counties.

Much of me upper watershed of the
War", Fork is dlar3Cterized by losing streams
and extensive sinkhole areas. Bowen creek,
a major tributary of the Warm Fork, is a losing

lOll

stream throughout most of its reach. Dye
traces by numerous researchers have shown
that much ofdle water lost into the subsurface
in this karsl area provides recharge to Mam
moth Spring, the largest spring in Arkansas,
which is on the Wann Fork Spring River a few
hundred feel from the Missouri state line.
Lronically, the springouuet is within Arkansas,
but essentially all of ilS recharge originates in
Missouri.

One of lhe largest. sinkholes in l-fissouri
- Grand Gulf - is a few miles from Thayer in
Oregon County. Grand Gulf, nowa Slale park,
is a huge sinkhole that resulted from the
collapse of a cave roof. The drainage up
stream of Grand Gulf, known as BusseU
Branch, is channelled underground through
the uncollapsed cave at the low end of the
sinkhole. The water reappears at Mammoth
Spring. English creek, which is the part of
the drainage downstream of the sinkhole that
was nOI caplured by Grand Gulf, is now a
Wide, dry valley.

ARKANSAS RIVER 1RIBUfARIES
lbe Arkansas River rises on the east

slope of the Rocky Mountains in Colorado,
and drains parts of Colorado, New Mexico,
Oklahoma, Texas, Kansas, Arkansas, and
Missouri.. It flows into the MississiPPi River
in southeastern Arkansas. Tributaries of the
Arkansas River in southwestern Missouri drain
an area of about 2,900 square miles, or about
4.2 percent of the stale. All of the tributaries
flow into Grand Lake 0' tbe O:Jerokees on
the Neosho River in nonhwestem Oklaho
ma. The Neosho flows into the Arkansas near
Muskogee, Oklahoma.

Nearly aU of the Arkansas River basin
in Missouri is wilhin dle Springfield Plateau
(figure 60). The main exception to this is in
northwcsternJasperand Banon countieswhere
the basin drains part of the Osage Plains. Most
of the area is underlain by Mississippian-age
cherry limestones. Pennsylvanian rock forms
the bedrock surface in the northwestern part
of the basin, and a few windows of Ordovician
rockcrop OUl in thedeeper valleys in McDonald
County.
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Figure 59. Flow-duration curve, Eleven Point River near Sardley, water years 1922-1993.

109



sutface Water Resources ofMissouri

I

~ ..
HONEY CREEK

Figure 60. ArkallS4lS River lfibutMies in Missouri.

no



Zinc and lead ores were mined in this
region from tlle late 1800s until me 1960s,
mostly in the area aroundjopliu. Mine wastes,
industrial development, and municipal waste
discharges adversely affect water quality in
several watersheds, but water quality has
shown considerable improvement during the
past 20 years. Mining has ceased in the area,
and mere is bener wastewater lreatment and
stricter controls on wastewater discharges.
Mining in this area was underground. Surface
collapses due to abandoned mine shafts, vents,
and shallow mine workings allow runoff to
easily enter the flooded mine workings. The
water, which becomes more mineraliZed as it
moves through tile flooded mines much like
water in a spring system, discharges from
abandonedshafts at low elevations along some
area creeks. Water from the mine workings
can contain high levels of sulfate, iron, and
zinc. Sulfate content of some of the mine
waters exceeds 1000 mgll, and lotal dissolved
solids can be higher than 2,000 rngll. Iron as
high as 30 mg/! and zinc as high as 35 mg/!
have been measured from mine waters. Sul
fate and zinc levels in Center O'eek down
stream of the min ing area, whicb receives
considerable water draining from the aban
doned mines, are considerably higher than
those upstream from the mining area (Feder
and others, 1969).

SPlUNG R!vEIl
The Spring River drains about twO

thirds oftheArkansa..s River basin in Missouri.
The River rises in southern Lawrence Coumy,
and flows north and west to the Kansas state
line a few miles northwest of joplin Parts of
Barton. Dade, Lawrence, Barry, and NeWlon
counties drain into the Spring River. lis total
watershed in Missouri is about 2,000 square
miles. TIle soumern and western parts of me
watershed drain off the Springfield Plateau.
lbe northwestern pan of the watershed drains
off of the Osage Plains. There are numerous
losing streams and springs in the Springfield
Plateau part of the watershed.

Upstream from fA Russell, the Spring
River drains 306 square miles. In the 24-year

Basi" Descriplio'l$ ofMi.ssol~ri St~rface Water Resources

period between 1957 and 1981, average dis
charge of the river here was 243 ft'/sec. Annu
al runoff averaged 10.78 inches. Springs dis
charging from thick MissiSSippian-age lime
stone formations prOVide a well-sustained base
flow for the river.

Upstream from a USGS gaging station
near Waco, near where the Spring River
nows inlO Kansas, the river drains 1,164 square
miles. Between 1924 and 1993, now here
averaged 923 ft'/sec, and runoff averaged
10.77 in.lyr. Figure 61 shows average daily
flow for the Spring River near Waco in Jasper
County for water years 1993 and 1954, the
highest and lowest flow years. Discharge
averaged 3,093 tl.'lsec in water year 1994, and
61.4 tl'/sec in water year 1954. Ma.ximum
recorded flows here was 151,000 ft'/sec on
September 26, 1993. and minimum recorded
flow was 4.2 fl'/seC on July 28, 1954. Figure
62 shows f1ow-duration here. Discharge ex
ceeds 64 ft'/sec 90 percent of the time, and 293
ft'/sec 50 percent of me time.

The Spring River has twO major lribu
taries in Missouri. Both discharge into the
Spring River in southeastern Kansas. center
creek drains the central part of the Spring
River basin. It rises in southern Lawrence
County, and flows through northwestern New
ton and southern Jasper counties. Upstream
from Catterville, Center Creek drains aboul
232 square miles. Between 1962 and 1992,
discharge here averaged 205 ft'/sec, and run
off averaged 12.02 in./yr. Highest measured
flow was 36,300 ft'/scc onJuly 3, 1976, and the
lowest measured flow was 9.4 ft'/sec. on
August 20, 1972.

center Creek, and neighboring Turkey
Creek, flow through and drain 'Water from the
Duenweg-Oronogominingarea west and north
of Joplin. Extensive tailings piles covered
much of mis area at one time. Numerous
indUSlries developed in the mining area. At
one time, wastewater discharges from this
area adversely affected the quality of water in
Center Creek and Turkey O'eek. Nitrate,
anunonia, phosphorous, fluoride, and zinc
levels were well above acceptable limits.
Mining has ceased here, but mineralized water
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Figure 61. Average daily discharge of the Spring River near Waco, water years 19$4 and 1993.

from the flooded mines discharges into Center
Creek (Feder and others, 1969). Better waste
water tteauncm and more stringent conlfols
on wastewater discharges have lowered con
taminant levels considerably, bUl nUlfients
and zinc levels are still above normal back
ground levels CReed and others. 1993),

Shoal Creek drains the southern pan of
the Spring River basin. Its headwaters are in
norl.hwestern Barry County, and it flows
through Newton and soudlweslernJasper coun
ties. Above joplin, Shoal Creek drains 427
square miles, all from Lbe Springfield Plateau.
Average discharge of the creek berween 1941
and 1993 was 419 ft'/sec, and runoff averages
13.35 in./yr. Maximum flow was 62,000 ft3/sec
on May 18, 1943, and minimum flow was 12
ft3/sec on September 7. 1954. The creek has
a welJ-suslained, relatively high base flow

II2

provided by numerous springs in the water
shed. Flow is greaterlhan 84 ft~/sec 90 percenl
of the Lime, and exceeds 230 ft~/sec 50 percenl
of the time. The water is a calcium-bicarbon
ate type, reflecting the JimesiOne bedrock of
lhe area.

TItree towns in the Spring River basin
use surface waler for municipal water supply
needs. lAmar, in Banon County, uses a 180
acre lake in the upper pan of the North Fork of
lhe Spring River for municipal water supply.
Neosboandjoplitl in NeWlon andJasper coun
lies, respectively, use Shoal O"eek for waler
supply.

ELK: RIvER
TIle Elk River drains about 850 square

miles of extreme southwestern Missouri in
Newton, McDonald, and Barry counties. Tbe
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river begins at the confluence ofLUtre Sugar
and Big Sugar creeks near Pitlevi//e in
McDonald Counry, and it flows to the west into
Grand Lake 0' the OJerokees in north
western Oklahoma. Big and Little Sugar creeks
drain the southern pan of the watershed,
induding pan of northwesl Arkansas. The
other main LribUlaries include India" Creek,
which discharges into the Elk River 4 miles
west of Pineville, and Buffalo Creek wfljch
flows into the Elk about 1 mile inro Oklahoma.
indian and Buffalo creeks drain the northern
pan of the basin.

Most of the Elk River basin is underlain
by Mississippian·age bedrock, but Devonian
age Chananooga Shale and Ordovician-age
Coner Dolomite crop OUI in the lower valley
walls and fonn the bed of the river through
much of its reach. The area is within the
Springfield Plateau, but the terrain is steeper
and more reminiscenl ofSalem Plateau topog·
raphy.

114

Upstream from near Tiff Cily, about 2
miles from the Oklahoma Slate line, the Elk
River drains fJ72 square miles of southwest
ern Missouri and northwestern Arkansas.
Drainage from Buffalo freek eOlers the Elk
about 3 miles downstream of the gaging sta
tion. Between 1939 and 1993, discharge of the
Elk River here averaged 828 ft'/sec, and aver
age annual runoff is 12.9 inches. The river
here has a well-sustained base flow supplied
by springs in the watershed. Discharge ex
ceeds 84 ft'/sec 90 percent of the time. and 50
percent of the time exceeds 336 ft3/sec (figure
63), Water years of highest and lowest aver
age flows were 1993 and 1954, respectively.
10 waler year 1993 discharge averaged 1,881
ft'/sec, while in 1954 it averaged 135 ft'/sec.
Maximum recorded flow was 137,000 ft3/sec
measured on April 19. 1941, and minimum
measured flow was 5.1 ft'/sec on September 5,
1954.
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CONCWSIONS

Missouri depends greatly on its surface
water resources for drinking water, agriculrur
al needs. commercial and industrial water
supply, river transportation, Hsh and wildlife
habitat, recreation, electrical production, and
a myriad of orner uses.

More than 120 water-supply reservoirs
are currently in use by Missouri communities,
and aU but a few are located in northern and
western parts of the stale. This is due, in large
pan, (0 the lack of adequate groundwater
resources in northern and west-central
Missouri,

Water-supply intakes on rivers and
streams are used by more than 50 cities in
areas where slteams have adequate flows
during dry weal.her. Reservoirs are more
typically used where streams have poorly
sustained base flows, or where toWDs are 100

far from a river to economically construct an
intake and pipeline. About 20 IOwnS, howev
er, use bom a reservoir for impounding runoff
and a river intake 10 supplement their inflow
f"Tom runoff.

From the earliest days of seruement. the
rivers of Missouri have been the lifeblood of
the communities along them. They have
supplied water, carried away wastes, and
served as highways. In fact, many of the cities
and IOwnS along the rivers use them in much
the same ways today as they did more than a
century ago. But, because of larger popula
tions in these cities today, the flows of the
rivers have become even more essential. Near·
ly 60 percent of the population of Missouri
Jives in the 25 counties bordering the Missouri

River. Currently, the Missouri and Mississippi
rivers together supply municipal water to
more than one-third of the srate's population.

Surface water is viewed somewhat differ
ently in the southern half of the state. Here,
groundwater is readily available and of excel
lent quality. so surface water is used much less
for municipal water supply. However, tour
ism and recreation, which are extremely im
portant industries for the state, depend heavi
lyon surface water. Major lakes in the Osage,
51. Francis, and White River basins proVide
excellent water-based recreation as well as
hydroelectric power. The spring-fed rivers
and streams in the Ozarks are some of the most
scenic waters in the nation. Their protection
is paramount to the economic well being of
the people in southern Missouri.

The basin-by-basin assessmentofMissouri
surface-water resources in this report shows
that the surface-water resources of Missouri
are generally adequate to meet current water
needs. TIlis does not mean that the availability
of water is not a problem. On the contrary,
some northern and western Missouri towns
face watershortagesduring extended droughts.
Often, this is because the aging reservoirs
serving many of the lawns are becoming
inadequate. Per capita water use and popula
tion have increased for many of lhese towns,
but reservoir sedimentation has diminished
the amount of reservoir storage space avail
able. New reservoirs are expensive. and many
[owns have found it difficult (0 keep pace with
their growing 'Water-supply needs. In the past,
water shortages triggered by drought con-
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vinced some towns of me need for a new
reservoir. Unfortunately, a new reservoir is of
linle use until runoff from rainfall can fLll iL

In this report, the description of nearly
every stream and river includes its average
flow. If every year were an "average" year,
W"3ter-supply problems would probably be
negligible. In reality, though, the average
flow of a stream includes only a few years that
are about average. There are many more years
when flows are above or below normal. Oc
casionally, flows are very low or extremely
high.

Most W"3ter-related problems do not arise
during average conditions, they arise during
climatic extremes. Flooding and drought are
the .seeds of many n3cural disasters. Neither
event can be predicted nor eliminated, but
adequate planning on 3 local as well as a
regional scale can lessen their severity. Each
climatic extreme req uires a different approach.
For water supply, droughts must be carefully

U8

considered to minimize me chances of a sup~

ply becoming inadequate during extended
dry weather. Obviously, dams and intake
strUctures also have (0 be designed to with
stand flooding. Droughts generally do not
damage bridges, homes. levees, and roads,
but floods almost always do. Any project
deal ing with development along or near a
stream requires a thorough understanding of
the high~flo\V characteristics of the stream.

Itmust be remembered that the rivers and
streams in Missouri provide much more than
just raw water. For aquatic species, as well as
waterfowt and adler wildlife, riversand streams
mean survival. The quantity afwater, and the
quality of that water, directly affects the quan
tity and qualiry of the fauna it supports. To
protect these species, as well as the social and
economic well-being ofthe people ofMissouri,
the quantiry and qualiry of the Slate's water
resources must be protected.
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