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ABSTRACT

Industries, municipalities, public WIOter-supply dis
tricts, wbdivisions, and rural home owners in the
Springfield area ore 01/ dependent in some measure
upon VIIOter from wells or springs. The major (deep)
aquifer consists of over ',000 feet of dolomite of
Cambrion-ordovician age. The upper part of this
aquifer is at the surface in the extreme northeastern
port of the area.

Throughout most of the area the dolomite is over
lain by as much as 300 feet of cherty limestone of
Mississippian age which constitutes the minor aquifer.
The (\0\00 aquifers are separated by the Northview
Formation, which is composed of dolomitic siltstone,
shale, and silty dolomite, ranging In thickness from
5 to 80 feet. Rocks making up the shallow aqUifer
Ofe deeply weathered and solution features such as
sinkholes and caves are common. The Northview
Formation occurs near the base of the shallow
aqUifer, retards the downward movement of water,
and acts as the confining layer to the deep aquifer.

Individual wells, open to the full section of the
major aquifer, can be pumped at the rate of 2,500
gallons per minute, with about 180 feet of draw
down. From pumpage records and study of the
potentiometric surface of the deep aquifer, it has
been determined that the regional transmissivity is
about 670 feet2jd.

The quality of the ground water and surface water
in the area is generally good. There is, of course, a
potential for ground'Mlter contamination because of
the cavernous nature of the bedrock, the many
sinkholes, and the presence of losing streams.

Streams incised in the upper part of the dolomite
aquifer have 7.<fay Q2 discharges of 0 to 0.04 ft.3ls
per square mile. On the other hand, streams draining
the Mississippian limestone generally hove 7.<fay
Q2 discharges of 0.05 to 0.10 feet3ls per square
mile.

Seepage runs made on Pearson, Pickerel, and Terrell
Creeks during the winter and spring when there was
continuous flow in the creeks defined the stream
reaches where losses occur. Because the alluvium
of those streams was saturated at the times of the
winter and spring seepage runs, it is concluded that
the stream loss is to the underlying bedrock and not
just to the alluvial fill.

Flooding from heavy rains can occur in any month
but is most frequent during the 3-month period
from March to May. Between 1956 and 1975, two
and a half times more floods occurred in May than
in any other month. No flooding ofany consequence
occurred in August of the same period.

Approximately 8.0 M gallons of water is withdrawn
per day from the deep aqUifer in the Springfield
area. About 5.4 M galld of this is for self-supplied
industrial use. Analysis of a digital model of the deep
aquifer indicates that additional water can be with
drawn from the deep aquifer If the groundwater
users con tolerate the additional lowering of the
potentiometric surface. A lowered potentiometric
surface would result in increased pumping costs for
all within the affected area. A lowered potentio
metric surface could also result in a need for lowering
pumps within wells or even the need for drifllng
deeper wells.
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Section 1

WATER RESOURCES

By·Leo F. Emmett. ·John Skellon

·R.R. Luckey, and ··Oon E. Miller

"WatN Resources OMsion. U.S. Geclogicd Surwy, Rolla, Mo.
....Geology and lAnd Surwy OMS/on, Missouri Dept. ofNatural Resources, Rolla, Mo.
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

INTRODUCTION

Tbe Springfield area has experienced
considerable growth over tbe past sev
eral decades. Tbe population of Spring
field doubled in tbe past 30 years and it
is now the third largest city in Missouri.
This growth has been accompanied by
increased demands on the water supply

and by the necessity for disposing of
increased amounts of wastes without
contaminating the water resources.
These stresses on the water resources
are further complicated by the karst
topography in the Springfield area.

PURPOSE AND SCOPE

Tbe Geology and Land Survey Division
of the Missouri Department of Natural
Resources (formerly Missouri Geologi
cal 9.Jrvey and Wur Resources) started
this study in cooperation witb the U. S.
Geological SUrvey. The purpose was to
provide the people of the Springfield
area with a documented appraisal of the
total water resources of the area. Such
an appraisal is necessary for long
range planning and the optimum devel
opment of the water resources.

This report describes tbe occurrence,
distribution, and movement of ground
water in the aquifers with emphasis on
the dolomite aquifer. Information is
provided on streamflow characteristics
of the major streams in the area such
as low flow, average flow, and fIoodflow.

2

Data on the use and chemical quality of
the ground and surface water in the
area are also included.

Because of a probable increase in with
drawal of water from the major aquifer,
a digital model of the major aquifer
was made and a map was generated
showing predicted drawdown based on
an increased rate of withdrawal of 10
MgaVd from existing wells.

Because the area is underlain by cav
ernous limestone, this study also in
cludes an evaluation of the different
soil, bedrock, and topographic condi
tions which affect the location of prop
erly constructed lakes, lagoons, and
landfills. This evaluation is included as
supplementary data.



WCATION, EXTENT, AND POPULATION

Introduction

The area studIed Is centered around the
City of ~ringfieid and consIsts of most
of Greene County, the northern part of
ChrIstian County, and the extreme
western part of Webster County (fig. 1).
The area Is bounded on the south by
lat. 37°00 100 11 N., on the north by lat.

37°22 130 11 N., on the east by long.
93°00 100" W., and on the west by long.
93°30'00" W. The area is approxi
mately 750 mlles2. Population of the
~ringfieid area (tbl. 1) tn 1970 was
estImated at 158,334 (U. S. Bureau of
Census, 1970).

Table 1

POPULATION OF SPRINGFIELD AREA, MISSOURI

Town Population

Springfield 120,096

Republic 2,411

Ozark 2,384

Nixa 1,636

WIllard 1,018

RogersvIlle 574

Strafford 491

Clever 430

Sparta 380

Unincorporated Areas 28,914

Total Population 158,334

3
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PREVIOUS INVESTIGATIONS

Introduction

The first published geologIc re}X)rt on
Greene County appeared as Part 1,
Volume XU of the MIssourI GeologIcal
Survey (Shepard, 1898, p. 13-245). It
Is .Interesting to note that Jordan Creek
''was impure and turbId..• on account of
receIving the sewage from the city••• II

Shepard (p. 30). Shepard (p. 41) also
noted that the smaller streams in the
Burlington and Keokuk Umestones fre
quently disappear, finding "underground
channels for consIderable distances be
fore they again appear II. As examples
of interrupted streams, Shepard men
tioned Wilson Creek and the south fork
of Dry sac. In recent years, urbani
zation and increased use of water by an

expanding population have intensified
troublesome waste-dIsposal problems
in the karst environment especIally In.
the WIlson Creek basln. Some of these
problems have been documented by
Harvey and Skelton (1968, p. C217
C220). Recommendations for the cor
rection of the problems were made by
the Federal Water Pollution Control
AdminIstration in 1969.

Detailed geologic maps have been pub
lished for two quadrangles in the area
(BeverIdge, 1970j Fellows, 1970).
Both maps show areas where stream
flow losses occur.

WELL-LOCATION SYSTEM

LocatioDs of the wells cited in this re
port are given in accordance with the
General Land OffIce Survey system in
this order: township, range, section,
quarter section, quarter-quarter sec
tion, and quarter-quarter-qua.rter sec
tIon (lQ-acre tract). The sulxllvisions
of a section are desIgnated a, b, c , and
d in counterclockwise direction begin
ning in the northeast quarter. If sev-

eral wells are in a la-acre tract, they
are numbered serially after the above
letters, and in the order in which they
were inventoried (fig. 2).

The directions of townships and ranges
are not used in nll1n.bering wells since
all townships in the report area are
north of the base line and all ranges
are west of the principal meridian.
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WA TER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.
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Geographic Setting
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GEOGRAPHIC SETTING

The study area lies wIthin the Spring
field-Salem Plateaus section of the
Ozark Plateaus pbysiographIc province,
Interior Highlands division as defined
by Fenneman (1946).

The Springfield Plateau is underlain by
rocks of Mississippian age and is

slightly higher in elevation than the
salem Plateau which is underlain by
rocks of Ordovician age. The division
between the two plateaus has been
termed the Eureka Sprlngs Escarpment
(fig. 3).
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Geographic Setting

TOPOGRAPHY

The study area is in a topographic sad
dle with high remnants of the Salem
Plateau on the east and the Springfield
Plateau on the west standing at eleva
tions of more than 1,400 feet above sea
level. Much of the area is 1,200 to
1,300 feet above sea level. The terrain
is gently rolling in the divide areas
with moderate relief along the rivers.

Sinkholes are a prominent feature of
the topography. The elevation of the
divide areas ranges from 1,350 to 1,450
feet above sea level. Total relief in the
area is about 300 feet.

Modern 7!-minute topographic maps
are available for the entire study area
(fig. 1).

DRAINAGE PATTERNS AND REIATED DRAINAGE PROBLEMS

The project area is located within two
drainage basins--the sac River basin
in the northern part of the area and the
James River basin in the southern part;
therefore, all runoff eventually reaches
one of the rivers through the network of
tributary streams shown on plate 1.
Springfield is located on the drainage
divide between the two basins, with ap
prOXimately half of the city in each of
the basins. The city utilizes stream
impoundments and springs in the Sac
River basin for most of its domestic
water supply. A substantial part of
this water is then discharged. to the
James River via the Southwest Sewage
Treatment plant in Wllson Creek.
Thus, the city is augmenting flows in the
James River basin with water (rom an
adjacent basin, currently (1976) about
12 to 15 Mga!/d.

The major streams in the area are
sustained during low-flow periods by
outflow of ground water from natural
underground reservoirs in the soluble
carbonate rocks. These streams rep
resent the base level toward which
much of the shallow ground water
moves. However, the flow patterns of
a number of small tributary streams
are affected by the undergl"Ound solu
tion cavities during low-flow pel-iods,
resulting in water losses to bedrock and
interrupted flow in the streams (see
section entitled "seepage-Run !n(ol'ma
tion"). The uneven distribution of per
meability beneath these karst streams
causes them to lose or gain water, de
pending on the position o( the water
table with reference to streambed ele
vations. The streams may lose part of
their flow or d [sappear entirely where

9



WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

the underlying rock is very permeable,
and they may gain water where the rock
is less permeable and the water table
is above stream level.

Because some of the small tributary
streams are interrupted during dry
seasons and some lose part of their
flow to bedrock during all seasons, the
safe disposal of treated wastes can

pose problems. In addition to the prob
lem of poor aeration in the ground, any
polluted water in the subsurface reach
of these karst streams might be easily
drawn toward pumping wells. At pres
ent (1976), South Dry sac Creek and
Wilson Creek are the receiving streams
for treated wastes; significant water
loss to bedrock was rot observed to be a
problem below the points where treated
sewage effluent enters these streams.

CLIMATE

The study area has a humid climate
with relatively mUd winters and warm
summers. The annual average tem
perature is 13.3° Celsius or 56.20

Fahrenheit. The average for July (the
hottest month) is 25.40C (77. SOF),

and for January (the coldest month),
o. SoC (32.90F). The average annual
precipitation is 39.70 inches: Addi
tional precipitation data are shown in
table 2, compiled from National Weather
Service records.

aROUND WATER

Industries. municipalities, public wa
ter-supply districts, subdivisions and
rural home owners in the Springfield
area are aU dependent in some measure
or other upon water from wells or
spril?gs. Since ground water is such a
significant part of the water resource
it is important that the water manager
understands how the groundwater sys
tem operates.

10

Basic to the investigator attempting to
understand how the groundwater system
operates is the collection of data rela
ted to drilling water wells in the area.
Such data include geologic logs of the
wells, information on well construction,
water levels, well yields, and draw
downs. Through the cooperation of
well-drilling contractors, the Missouri
Division of Geology and Land Survey



Ground Water

Table 2

AVERAGE AND EXTREME VALUES OF
PRECIPITATION OBSERVED AT SPRINGFIEW, MISSOURI

National weather service Extreme Precipitation Values, 1877-1975

(1941-1970) (in inches)

Month Avg. No. Inches Least Most

Jan. 1. 67 0.07 (1943) 9.31 (1916)

Feb. 2.22 0.35 (1947) 7.29 (1882)

March 2.99 0.50 (1956) 9.09 (1935)

April 4.27 0.86 (1955) 12.15 (1945)

May 4.93 0.34 (1911) 16.15 (1943)

June 4.72 0.58 (1952) 15.20 (1877)

July 3.62 0.33 (1953) 18.75 (1958)

Aug. 2.94 0.50 (1955) 10.81 (1915)

sept. 4.11 0.05 (1928) 11. 36 (1975)

Oct. 3.44 0.31 (1917) 11. 94 (1919)

Nov. 2.34 0.14 (1910) 8.14 (1946)

Dec. 2.45 0.13 (1950) 11.02 (1895)

Year 39.70 25.21 (1953) 65.31 (1877)

collects such information on all public
supply wells and many private wells.
This information is kept on file at the
Missouri Division of Geology and Land
Survey. Table 3 presents this type of
information for representative water
wells in the ~ringfield area. Most of

the wells listed in table 3 were visited
during the course of this investigation
and measurements were made of depths
to water when possible. These data were
the basis for constructing the potentio
metric map in the section entitled IIMove
ment of Ground Water ll • (See plate 3).
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WATER RESOURCES & GEOLOGY
SPRINGFIELD AREA, MO.

DESCRIPTION OF AQUIFERS AND CONFINING BEDS

The areal geology of the Springfield
area is shown on plate 2. ThiS geologic
map was prepared by Thomas L.
Thompson of the Missouri Division of
Geology and Land Survey. A more de
tailed description of the bedrock geol
ogy in the Springfield area is given in
section 2. "Areal Geology!l. Descrip
tions of the geologic formations and
their water-yielding characteristics are
summarized in table 4.

In the Springfield area the major (deep)
aquifer includes the stratigraphic se
quence from the Potosi Dolomite to the
Cotter Dolomite (tbl. 4). The Cotter
Dolomite is the only part of the aquifer
that crops out in the study area (pl. 2).

The major aquifer is over 1,000 feet
thick and consists primarily ci dolomite
with minor sandstone units. Except in
the outcrop area, water in the major
aquifer is under artesian pressure, be
ing confined between relatively imper
meable formations. The concept of one
aquifer for this part of the geologic
section is based on conformable water
levels in wells of varying depths, simi
lar chemical quality of water, similar
lithology. and the absence of thick con
fining shale beds within the section.

The minor (shallow) aquifer is made up
of cherty limestones of Mississippian
age (tbl. 4). These rocks are present
at or near the surface throughout the

20

study area with the exception of the
northeastern part of the area and along
the upper James River arxi upper Finley
Creek (pl. 2). The rocks making up
the minor aquifer are deeply weathered
and solution features such as sinkholes
and caves are common. Because of the
relative openness of the minor aqui
fer, water has been observed to move
through the system as rapidly as 0.3
feet per second (Harvey and Skelton.
1969, C-220). The Northview Forma
tion (tbl. 4), which occurs at or near
the base of the minor aquifer, retards
the downward movement of water and
acts as the upper confining layer to the
major aquifer. The thickness of the
Northview Formation and the configu
ration of its base are shown in figures
4 and 5.

The concept of the minor aquifer being
distinct from the major aquifer is based
on the head differential in water levels
in wells finished above and below the
Northview Formation. Water levels in
wells that tap the minor aquifer are in
variably higher than water levels in
wells that tap the major aquifer.

The two aquifers can also be distin
guished on the basis of chemical quality
of water. Water from the minor aqui
fer is of the calcium bicarbonate type
whereas water from the major aquifer
is of the calcium-magnesium bicarbon
ate type.
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

RECHARGE TO THE AQUIFERS

Recharge to the aquifers takes place
primarily by downward Infiltration of
precipitation directly in the outcrop
and indirectly in the subcrop areas.

The minor aquifer in the Springfield
area, which is present at the surface,
also is recharged directly from runoff
into sinkholes and open joints and
through losing reaches of streambeds.
In the study area the upper part of the

major aquifer is exposed at the surface
in only a few areas. Consequently, in
most of the study area water recharging
the major aquifer must first pass
through the minor aquifer and through
the Northview Formation before enter
ing the major aquifer. However, the
major aquifer also receives recharge
outside the study area where the rocks
of Cambrian-Ordovician age form the
bedrock surface of the salem Plateau
(fig. 3).

Relation of Water Levels in the Aquifers to Precipitation

Water levels in wells that are not ap
preciably affected by nearby pumping
and which are open to the major aquifer
reflect seasonal fluctuations in response
to precipitation. The hydrograph of the
deep well in figure 6 demonstrates this
seasonal relationship. It can be seen
from the hydrographs that recharge to
the major aquifer occurs during the
winter and early spring when the mois
ture requirements for soil and plants
are at a minimum. Moisture require-

24

ments are greatest during the growing
season; consequently, there is little if
any recharge to the major aquifer dur
ing that period.

Hydrograph records are not available
for wells open solely to the minor aqui
fer. However, the response of the mi
nor aquifer to precipitation can be ob
served by noting changes in roth quantity
and turbidity of springflow. As would
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

be expected response to precipitation
occurs more rapidly in the minor aqui
fer than It does in the major aquifer.
seasonal response to precipitation can
be seen in the higher base flows which
occur in streamflow during the winter
and early spring. This is especially

~

evident in the interrupted streams of

the area. These streams (such as
Pearson, Pickerel, Terrell, SOuth Dry
sac) flow throughout the winter and
spring months, but during the rest of
the year there are dry reaches on these
streams indicating a lowered water
level in the aquifer. (see section en
titled "seepage-Run Information".)

Head Relations Between Aquifers

The potentiometric surface of the major
aquifer (pl. 3) is below the potentio
metric surface of the minor aquifer.
This means the potential for vertical
movement of ground water is from the
minor aquifer to the major aquifer. In
asmuch as recharge is a function of the
head differential between the aquifers,
increasing the difference between the
heads will result in increased recharge
to the major aquifer as long as the po
tentiometric surface in the major aqui-
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fer is above the base of the confining
bed.

Downward movement is also governed
by the vertical permeability and thick
ness of the Northview Formation. Ver
tical permeability of the Northview
Formation in the Springfield area has
been estimated from the aquifer model
to be approximately 1x10-9 feet per
second (see p. 109).



Leakage from the overlying shallow aq
uifer is assumed to be vertical with
storage in the confining bed neglected.
The flow through the confining layer is
described by,

K'
q~(Hu-h) h>B.

b'

K'
q=- (Hu - B) hiB,

b'

Ground Water

where
q=flux through the confining layer,
K'=vertical permeability of the con-

fining layer.
Hu=head in the minor aquifer,
b'=thickness of the confining layer,
B==base of the confining layer, and
h=head in major aqulfer.

It is also assumed that, when the minor
aquifer is absent (such as in the north
eastern part of the study area), there
is no additional recharge due to addi
tional pumping.

Chemical Data As An Indicator of Recharge

Additional evidence that the minor aq
uifer is a source of recharge to the
major aquifer is found in a comparison
of the calcium-magnesium ratios of wa
ter from the major aquifer in areas
where it is overlain by the minor aqui
fer with ratios in areas where the mi
nor aquifer Is missing (fig. 7). In cal
culating these ratios, concentration
values of the calcium and magnesium
are expressed in rnilliequivalents per
liter.

Water from the major aquifer (where
the minor aqulfer is absent) has a cal
cium-magnesium ratio of about 1. O. As
the diagrams for Big Spring and the
well at Salem show in figure 7. this

ratio is characteristic of water from a
dolomite aquifer. At Big Spring the
Eminence Dolomite is exposed at the
surface. The surface formation at
Salem is the Gasconade Dolomite. The
well is 850 feet deep and is open to the
Potosi Dolomite.

Where the major aquifer is overlain by
the minor aquifer (p1.3, maps no. 2,
3), the water has a calcium-magnesium
ratio generally between 1.5 and 2.0 and
locally higher. Ratios greater than 1.5
are uncharacteristically high for dolo
mite and indicate that the major aquifer
in the Springfield area is receiving re
charge from the minor aquifer.
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.
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Ground Water

MOVEMENT OF GROUND WATER

The direction of movement of water in
an aquifer can be determined from a
potentiometric map. Movement of
ground water is in a direction that is
down gradient and at right angles to
contours depicting the configuration of
the potentiometric surface. Plate 3 is
a map showing the potentiometric sur
face of the major aquifer in the Spring
field area, Missouri, for June 1974.
The most prominent feature of plate 3
is the inverted cone shown by the 850
foot to 1,000-foot potentiometric con
tours. The lowered potentiometric sur
face depicted by the inverted cone is
the result of groundwater withdrawal
from the major aquifer. Groundwater
withdrawal has also caused a southward
shifting of the groundwater divide.

As can be seen in plate 3, ground water
moves into the area from the east and
from the southwest toward the pumping
centers. North of the groundwater
divide and outside of the area of influ
ence due to pumping, the regional move-

ment of ground water is to the north
west. South of the groundwater divide.
the regional movement of ground water
is toward the south.

There are insufficient data to draw a
potentiometric map for the minor aqui
fer. A generalized groundwater level
map of a portion of the area (parts of
the Springfield. Brookline. Republ1c and
Nixa 7!-mlnute topographic maps) was
constructed by Williams and Vineyard.
(Federal Water Pollution Control Ad
ministration. 1969, v. 2. App. D). Their
map shows that Wilson Creek and the
James River act as the major drains
for the area south of the topographic
divide which passes through ~rlngfjeld.

The map also shows the altitude of the
groundwater level in the immediate
Springfield area as ranging from 1,150
feet to over 1.225 feet alx>ve sea level.
ThiS is 100 to 375 feet higher than the
altitude of the potentiometric surface of
the major aquifer.

DISCHARGE OF GROUND WATER

Withdrawal of ground water from the
major aquifer in Springfield has caused
a cone of depression which has its
deepest part in the central part of the

city. The shape of this cone is shown
by the potentiometric map in plate 3.
The hydrographs in figures 6B and 6C
show the effects of pumping from near-
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by wells. FIgure 6B shows the effects
of pumping from a number of closely
spaced wells in the deepest part of the
cone of depression (pl. 3). As can be
seen in figure 6B the seasonal response
to precipItation demonstrated in figure
6A Is masked by the effects of seasonal
pumping. Figure 6C shows the effects
of pumping from a well (no. 12, pI. 3)
approximately 2 miles away.

Discharge of ground water from the mi
nor aquifer occurs primarily as springs

and seepage to local streams. While
most water moving through the minor
aquifer discharges to nearby streams
by way of springs or seepage, some
percolates downward into the major
aquifer.

With the exception of pumpage from
Fulbright Spring by the City of Spring
field, withdrawal of water from the mi
nor aquifer is negligible consisting pri
marily of pumpage for rural domestic
use.

AQUIFER CHARACTERISTICS

Information on well yields, drawdown,
specific capacity, and length of time
the wells were pumped for a particular
test is given in table 3. Wells which
penetrate the full thickness of the major
aquifer generally have the largest spe
cific capacities. This is so not only
because a greater thickness is open to
the well, but also because the deeper
formations are more permeable. In
order of decreasing specific capacity
they are the Eminence-Potosi, Gunter,
Gasconade, and Roubidoux Formations.

Aquifer tests and specific capacity data
are not available for wells which tap
the minor aquifer. However, it is be
lieved that wells finished in the minor
aquifer normally would not yield large
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amounts of water unless a feeder con
duit to one of the larger springs was
penetrated. This belief is based on
limited well-yield data, and on the fact
that water can move rapidly through the
upper part of the minor aquifer to points
of discharge. In addition, low-flow
yields (based on 7-day Q2) of stl'eams
draining the minor aquifer have only
one-sixth the yield of streams draining
the most permeable part of the major
aquifer (Skelton, 1966, p. 20).

Two short-term aquifer tests of 2- and
3-days duration give an apparent trans
missivity for the major aquifer of about
4,000 feet 2/d and a storage coefficient
of about 10-4. However, the cone of
depression formed by pumping (see pl.
3) seems to indicate a much lower re-



gional transmissivity. Consequently.
the closed-contour method described by
Lohman (1972. p. 46-49) was used to
estimate the regional transmIssivity.
From Lohman's method it was deter
mined that the regional transmissivity
is about 670 feet 2/d • This is the value
that was used in the aquifer model.

Data in published reports indicate that
short-term aquifer tests of carbonate
aquifer systems sometimes give anom
alously high values for transmissivity.
For example, Knowles, Drescher, and
LeRoux (1963) ran short-term tests on
a dolomite aquifer at the Argonne Na
tional Laboratory in lliinois that gave
values for transmissivity as much as
an order of magnitude higher than the
value they obtained by a flow-net type
of analysis. Knowles. Drescher, and
LeRoux (1963. p. 031) explained the
hIgh transmissivity obtained from the
short-tenn tests in the following manner:

"One of the assumptions upon
which the nonequilibrium formula
is based is that the aquifer is
homogeneous and isotropic. Ho
mogeneity and isotropy are rela
tive terms with respect to time
and space. For example, after
allowing for the distances invol
ved, if the slightly meandering
path of water moving toward a
well may be described statisti
cally as conforming to the con
cept of radial flow, the nonequi
librium formula will provide a
sound analysis. Conversely. when
the flow field is significantly

Ground Water

distorted in the area of observa
tion, the assumption of homoge
neity is incorrect. At the labora
tory. the openings along joints
and bedding planes in the Niagara
Dolomite are not uniformly dis
seminated. and in the area sam
pled by an aquifer test of a few
hours or a few days duration, the
flow field is probably greatly dis
torted. Thus, it is concluded that
the nonequHibrium formula. or
any other method based upon the
concept of radial flow. is not ap
plicable to the analysis of data
from short-term aquifer tests of
the Niagara Dolomite at the Lab
oratory. II

This explanation applies equally as well
to the major aquifer in the Springfield
area.

Figure 8 illustrates the relationshIp of
aquifer characteristics to drawdown
and pumping from the major aquifer. In
constructing figure 8 a continuous
pumping rate of 1,000 gpm for a 50
year period is assumed. The value for
transmissivity was determined by the
closed-contour method as previously
mentioned. The storage coefficient was
determined from aquifer tests and the
vertical permeability of the confining
layer was obtained from the model
study. Thickness of the confining layer
is an average for the area. The method
used to relate drawdown to pumpage is
based on the Hantush-Jacob method as
explained in Lohman (1972, p. 30-31).
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DISTANCE FROM PUMPED WELL, IN FEET

Figure 8

Drawdown at various distances after 50 years of pumping

from a well of constant discharge.



Ground Water

QUALITY OF GROUND WATER

water in the major aquifer differs in
chemical composition from water in the
minor aquifer in several respects
(tbl. 4). Water from wells open to the
major aquifer is the calcium-magne
sium-bicarbonate type, reflecting the
chemical composition of the dolomite
which makes up the major aquifer. Wa
ter from the minor ~quifer is generally
of the calcium bicarbonate type reflect
ing the composition of the limestone
which makes up the minor aquifer.
Water from the minor aquifer has a
higher chloride, nitrate, and total
dissolved soUds concentration than wa
ter from the major aquUer (fig. 7 and
tbl. 5).

Another indication of the chemical char
acter of the water from the minor aqui
fer is based on analyses of water from
springs. Table 6 shows chemical anal
yses of water from the larger springs
in the area. As would be expected
(because these springs have their
source in the minor aquifer), the an
alyses are sImilar to those of water
from wells that are open to the minor
aquifer (fig. 7).

Although the water in the miilor aquifer
is chemically distinct from the water in

the major aquifer and the two aquifers
are separated by a confining layer,
water-level measurements in wells in
dicate a potential for downward move
ment from the minor to the major aqui
fer. That there is actual downward
leakage through the confining layer is
supported by the anomalously high
Ca/Mg ratio of water from the major
aquifer (tbl. 5). Water from a dolomite
aquifer such as the major aquifer in the
Springfield area would normally have a
Ca/Mg ratio with a value close to 1
(fig. 7).

Water from the minor aquifer generally
has a very high Ca/Mg ratio. For ex
ample, the Ca/Mg ratio of water from
the springs listed in table 6 ranges from
about 3 to 40. For the most part, these
values reflect the composition of the
Burlington-Keokuk Limestones. As
shown in table 5 water from wells that
tap the limestone of Mississippian age
generally have Ca/Mg values greater
than 5. Water from those wells dis
playlng values of less than 2 are be
lieved to be in parts of the Mississip
pian which are mostly chert.
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QUALITY OF WATER FROM SELECTED SPRINGS IN THE SPRINGFIELD AREA
Analyses by U. S. Geological SUrvey and Missouri Division of Geology and Land Survey

(values centered in sodium-potassium columns are sodium plus potassium calculated as sodium)
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, Mo.

SURFACE WATER

The primary objective of surface-water
data collection in the project area was
to provide information on streamflow
characteristics for all major streams.
To accomplish this. data were collected
at continuous-record gaging stations.
low-flow partial-record stations. and
at numerous miscellaneous sites
throughout the area (pl. 1 and tbl. 7).
These data will be useful for many pur
poses. such as control of pollution; lo
cation and design of water-supply res
ervoirs. treatment plants. and indus
trial plants; design of highway bridges
and culverts; management of flood
plains; development of recreational fa
cilities; and flood control.

Table 7 is a cross reference to all
hydrologic data for streams and springs
in the area and includes seepage-run
measurements made during the project.

40

miscellaneous measureJrents made dur
ing slgnUicant hydrologic events of
the past. references to interpretive hy
drologic data and analyses in other
parts of the report. and descriptive re
marks about hydrologic conditions of
stream reaches and springs. The table
will be of particular value to those who
wish to make their own analyses of the
data for a particular stream. stream
reach or spring. and who need to locate
available hydrologic data for tbeir
areas of interest.

For those who need basic hydrologic
data from the continuous-record dis
charge and water-quality stations shown
in the table (map nos. 74. 78. 107. 130.
134. 145. 147. 148, 151, 174, 204), see
'~Vater Resources Data for Missouri.
Part 1 and 211

• an annual U. S. Geologi
cal Survey open-file report.



Table 7

HYDROLOGIC DATA FOR STREA S AND SPRINGS

Surface Water
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

Table 7 (continued)•••••
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.. It ford on cOWlt1 h1gbV'ay.
5 ..s .outb of .uh CC"OVe.
CreeDe Counl:y.

12-11-14
2-19-1:)

8-23-14
2-19-1.5

8-22-74
12-10-1'

2-18-15

8-22-14

11-11-11

11-11-1l

16.1
12.2

o
12.2

3.a
18.6

14.0
4Z.!
41.1

.3

12.0

.2

340

350

410
390
)60

'60

420

7.0

7.0

12.0

18.0
1Z.0
9.5

14.0

IS.O

-2.0

-1.0

3.5

Scdellll of .prinS_ riae
In ...11 tribut.ery.
Pooh In Ploth.rel
Creek ..rk the be
liMinl af perll9ll
n.id f loy in the
creek dllr1ns dry
we.ather.

('l.

(').

Set footnoe •• at cl'd of hbh.
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Surface Water

Table 7 (continued)•••••

...~-- ........ .,. .,
'-...... (0C)

",
'-'...... C'CI

lA<U_.
lI_flaw ...... _ •
DUUUOI

"

"

SIll'. filii'. NC. n. T. 301.,I. U __,

.~, , at e.-. <:<_e:-.,.
IE II_ NC. I', f ••••••. 14 ....

.. "I", ...... "'11-01 I"'........_., .. _""'-.
c._ e-<r.

,., 1/.... 110 NC. 5. T. 1'"••
I. U .. ,. .t Coooa.,
""_, U. T.J of
..........14. eTO """"'J.

II-If-II

11-''-11

•

11.0

•

0. 11....._ )0 II. 11_11_11
1. )11.,'. 10 V .
__" .,,-,, • '" _ ••1
.-•• , C••_ 0:-,.

k.n..... _'" ..
_I; ..,.._...... _f_.
,',.

n.l

n.1I

IS.O

n.O

u .•

n.1I

!J.O

1).0

16.0

".0

0'

-

-

'.

'.
'.

,.

-

.'

..

.,

..

,..

•••

•••

•

,..

•

..,

.. ,

0.'

U-l.... U

....U_l•

11-"-11

... '" 0 " T• ., •• , •. n ..
.t ... ,., _0, .._ •.
I .. _._•••f ..Ul....
c<__.,•

If U' A I/O _. It. T......
I. ua _r-.,
U_,IIU. I.S" _ ••1
....n •••. c._ r-.,..

... 114 NC.', T. ~' .• " 'Sl
......_ _oJ U.-,
J .. _ f ""Iori•.:.__.,.

• 1IJ_.n.I.••..•. u ...... "'I", __",~
.... I.S .. _ ••1 ",n•••.c._ r-.,.

SOl 1/. '" II. _. 019. t ......•. n~..•• 10<.... __,.
..._,. S" __, .1
_c._.c._r-.,..

0.11_"".__•. 1' .

t.M ••••• n .
__ 1 ' l.'''' _ ••

• 1 ~111 c._ r-...
IV 1/' IV 1/' He. I. t. )0 I .•

I. I' ~......., ...... _.,
.,,-,, 1.1 _ •••f ..........c._ eo-.,.

SII " 1/. _ •. l. T... H.
•. n o.s .. _ ••••""""., 11._, 1.1. O.1S .1
.."ok of """"r 11'_' a.
J al _0' .1 ......HoI••c._e-.,.

lil 1/••&c. ll. T. ]I I" •• II ~,

•••".,, <..... , •• , ,.
I.S., 01 ~••n", en .,-.,.

"" If' '&C. U. 1. )I ' 2. V. 1I-11-71
.t .".,, .:0-., ., , y •
J .1 f ....... , c••_ eo-.,.

00 1_ __ ...

It. 1 , •• 711' .......... _., ., ,.
J ... _._••f ff.....
c._e-••.

IV "' _. "~t. I ...... I' w.. II-If-n
0< _ r-., .,,-,
u, ••, f ... ,... c._.
«_ r-.,.

... 1/ 1/. _. U. 1. 11l •••..ll ,., _"'&ofe-c,.1_, 1"T. , '" of
e-<, y...," _.
of ......11•• ~__ e-<,.

It II•• ,I. _. rei. t. )0 I ..
L rei W. o .....1...... _"......., , .. _._..,
....U .... C._ e-....

clo.. e..............

Cl •• , c<..1

Clo.. c....
(I.....-fl"" ..." .. ,
0"1'4:10)

Cl.... c._

ChOT C..ok 5,ri...

Cl... c....

LH" u_.
IT .,.

~..... SA< I.""

J. k .. sto....

"

"

"

"

"

"

"

..

..

..

_ , t _ or ~•• l •.
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WA TER RESOURCES & GEOLOGY
SPRINGFIELD AREA, MO.

Table 7 (continued)•••••

"""
(,1. l)

s~u__

" 1/6 Q: 1'4 ~. n. I .. JO
•• 21 •••.1: brl.lfa1t .. c..Q'
ti.a,bn.J' ........ Ii.) at _t';t.llwNc
of Sttdfo.TdI. Ct'~ c:.ou-tT.

u-I....n a

II. 116 U!!r..... U. "f. )0 •• t U W.. U-l6-11
41t br....e OCII 0.5. R1.I , 'So
4. j d DCtrt:b of Sprl..:f..b.ld t

er••a. Co\mty.

SW 1/4 eel(;. %.6. T. )0 111'•• I .. n W' I U-16-11
At brUle CIa. SUte ..,bit.,.
n, 2 at IWrth of Spr1~rt.u.

Cl::ll:etlo411 Cuunt:1_

1).0

root. of ".Cd: Db
.\lrfa~ll (low.

U-I6-"

S6

"

St 1/4 lifE 1I4~ ••c::. 3, T. 29 M' I 11-16-71
a. :u W, ••t br1c1,41 on countf
hJlhv.J. 1." a1 DOrthe.uC of
Sp'l' tq ri~d. Cl"e~. Co\mt'1.

Sou th D:r7 S.C tl"41411l On l.ln. b4II~ aeu. , Il4d 3 .
TrlbuUI7 t. 29 end )0 1"•••~ 2J "' r.

1rr-Ld.11II! aa eAUdty bi."--, .1. oS
-.l DOI"t.h or SprlAaf"i.a.ld.
Cr..mr: CouDty.

o

IfV 1/4 1ft 1/4 Ill: 1/'" ..e. 33.
T. 30. ~. It. 22 W., 2.)_1
ool't~t of Sprlqf1e,ld.
Gr~ CoLmq.

$V 1/ _. 20. T. JO" .• I. U v.. U-I'-l1
.11: "C"1d .. 010 Cout:u:, KilllwQ 0.
J ....... It of Villard, C.r~
0.-.,..

n 1/ S! 1/ _. S. T. 30 •••
a. 11 w•••t "rl4a* oa CtOIIIlItJ'J'

Y. S ." t:&8t' of
:$f'1:UC. 'i"r~ CauI!lt]".

63

M

68

5prt"l lunc::h

VUlt-- Ipr-L.n.t

n1a<. lllll h

U lJ..

I 1/2 N:t:. 4. 1'". It' ••• I.a 2J '1_,
at 'brlil&1I OIl COUII~ ~.

I a1 M'TU 0'- S.rt.qU.....
Cr....., CoiIDty •

• 112: .-..e. 5,. ..... It •.• k. U V..
at. .T1AlI~ -. ~t:r'~.

O,'''_af",~.

~AInIII" ~t7.

Q 1/< _. 32. T. )0 ..... 11
alt k1.4ae .. D.S. 7 U.
J Id .art:ll of Sprlaaf.hJ""
C'ril!nlR.~.

11< 1/ -.0." T. M •••
I.. U 1.] .t IMlTI:Il of
I.a1.-..T1It.&t...~ 1-44. 0.:5
at ~t. 0'( St:au~ U.
CnmIiK CGuD.~.

11'" -.e-c. 1S. T. )0 ••••• 11'
at. brldlil!! aa SULiI! .J.abo:y U.
1.S as. aaT"t:b of Spr.:l.q:f1.t1JI.
IldeS. (;TetIW CoImlty.

R't l/lr. HV 1/4 ..e:c. '. 1. 29 M' l

:l. :z.:z V., .t br1.dst! on county
bJlhvaT. 1. 5 Id nort........ t of
Spr"'1.qfleld:. Gril!!iI!!DI! County.

U" .ec=. 5. T. JO ••• a. 12
• I.~CIIIII~~.

,." 111 1I!aIIt: o.f~ SP'r1D&.
c:reJDIiIR Camtty.

1/4 n 11 -e. Z • T. 11
I. 2J ., at. lJrlqil! a. Ca.lf1
ti&h-7 J wi w.an. of'

u ... c?.-~.

11-1'-'1

9-26-SJ
11-16-11

U-Uo-11

U-l"'l1

o

1.9

LI

a

10.0

1.1
2.2

'.0

1.'

a

1.2

0.0

soo

'40

...
SIO

n.,

If.O

u.s

10.0
16.'

U.s

".S

U.O

U.O

u.O

H.O

0'bdIiD:1:t! pn-rU,.
owt.rlDw ( w:rt,
Qr t

1JII ri.dJLl0' of _&1-
lA!7 le:J.' ••

(').

S.1.t.t! t. .....tt~
f~ .fIoTthww..t s.....
.. lJ'Uc..:Il'l It
aDd 'loan.. l'h.
a.ar:e:r .uty haa
lllht-eolore:d ~l

lolckl .upelUl.1Dn.
C.uaed by tiean11l.1
fll tt!!r. a.t v.tar
plant.

Creek. 1••pr1nl-f.d
(by litter Sprin._).

(1).

(I 'I.

"I:Ilb ... .,~t.e
palaf:. wbn"w. ("low

--""<....
<r1hbrJ.
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Table 7 (continued). 0 0 • 0

Surface Water

p

..Ipl. Il

70

St.a.tl.- ....

U 10. T.]I '. L 2.1
.r: *"t1J1l ... ea-at'J 1lJ.&It'i':a,. - ..
'I .J ItOf'Lhww:n o'f hu1.tLad.
Cn~~~t'J.

iI! 1/1, ..c. 11. T. 11 .M., •• 21 v.
.t; bTit. GIl CDIIIIIQ' Mlbva,.
I at lID'I'tm.re.l of Pr"wtUM.
C::U4'nlt Count,..

,.
11-'6-11

ll-l~71

e...t..ot.<oo«
Dbc:.., .. fe-
Ih'lol }3'CI

,u.
t

Cl

u."'" ,.....
lid' ft QIt;

ev.rfac..

7l 5ta.. ann~h SE 1/4 nc.. U. T. ]] M., k. 22 ll.. 11-16-71
• t bdd,. on CoUrtty iil Ihva,. C:C.iI.' .1 vU~ Dr fruitland.
Cn~(l' Count,..

13.1

12 Hl:u't'h Dl')' Sac Cre.ek N:g 1/' N8 L/4 .ec. 2Z 1 T. 31 N
Il. ZZ W, • .u brid'l!i on COUnty
hl.,hvf.Y, •• 5 .,t IU.at of
S.c::vULa. <)T.en41 County_

ll-t~n 2.9 ".0 IlJ.O

73 $" 1/111 ..c:. 2 • T. 31 R. 22 l.'.. U-16--71
III: b.-ld. on Cowie, k.l1~Y

CC. 4.' at u: $f S.(:v.lll~

Cr4lUMI CCNnC.,.

<O.O~

"

0.. Crov. IraDC.h
(C:OOt.!.lbJod- recori
au r;ioII. 06'18100)

s 11 til, .cc. 1). 1'. ]I 11 ••

Il. :u 11 ulnn UD4.-r
Co¥fto ~ ~J ••• " a.l ~dIfI' Ir1lhl • C~ ee...m-,.

st II' • 1". :lO ." •• U 11••
.t c:.n. 'pr...... c:.~ e.:-.C'!'.

l'~ CD c:ur
n!at. 7••.1

U-Il- 1

0.1 14.0

n.~

" f JI.

U-11-11TI

79

Uu.l... S.C I;t••'f

Cc:oo't.I:JIDDo:a-'r'4COT4
_hI: 1.. 0691'7&.0)

IIi -.«. U. T.)1 ~. L 13
.1. W ~ _ II:-e:,.~~
)..,. .t .... l .. f Ua.l.mI:t
C • C~ e.-t,.

l/& tll....tO. T.. 32 5.. lYU t.o au-
U ltrW III .. i:1.."1I: &llb-- c-ea.t. r~

..,..., .. U. ) .1 V'lUC" of PIor-rt.s--

.iUe. rot ~t'J.

1I & 1/ _. 16. T. 32 If••
•• :U •• Jun upnr..- ft"VII
('",lv-tTl cad ... $Ute HlII'::nq,
13. '3 .t north of Brta,htan.
rol C:ounl1.

I.J U.O

I I.

r~ dI. Ten. U",,,r 5W 1/4 ••c. 15, 1. ]0 N.• R. 19 .....
Il: brl.du ~n county ht.shvay, 2
.t no"'[~.~ o( I'tGrthvi~.

Vt2bUtll" C:o...nt)'.

NOtch Foc-" PQtlItIIe
de T6!l:rll!- Rtver

South Fo'rk p~
d. Terre U ... ,.,,.

de Tene
.h'....

p_ .. t.-lTe
U..-r TrlIl.lUir"7

SW l/4 ..c. 4. T. )0 N•• R. 19 'II"

n brjdll!. fin c.ou,nC1 ttl,hv.y.
, .1 DOl'" lNa.C or N(tulwtev.
W't1b. 1''' CoU,(\ty.

"£ 11" $1 1/4 11"1:. lJ. T. 30 ~ .•
... 20 w•••t brld•• C1t1 ccwu:y
nl"hv.,. Ii iii non~... t of
StuUo.:fS,. (:un.. CouDty.

1/4 11 Me. I. T. )() •.•
•• 10 w•• _t ..rtdlill ae. emmty
a.JIhv:aJ'~ .l .... MNdI.!:lU'I: of'.u' C,.....•• 'r~ toouDc.y.

1/ Sl 1/ n. T. )I s .•
a.• .lO .... It klJl.t... C*DII,'f!'

I ~7. J .. -.n.~t of'.i.I' c;C"O"lI. Grlf<ll!Al! Co_u:y.

a-I}-14

U-LS-71
....:u-1

ll-ISo-ll

ll-ll-n

U-U--lI

I.S

o.

1. S

3.S
•• 0

o

..
O.GS

33~

400

lU

10
360

24.D

23.0

24.0

Ih.U
Z<. )

17.0

11.0
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

Table 7 (continued)•••••

..., ,
(fl. II

II

"

to

'l

"

100

~Ol

1.1

10'

Un'-
Ton.

• U"'u
1'T'''l-.f'J

I .... ~h'.r Uov
'low IIIt_tiOn.,
010W)iO)

lCo'tth e.rQU,~

CCiIIlIk

I) '1 rof.' Cnek

11 Itt. lJ .Aec... U. T. 31 .~4

I.. 10 al: br:I.ql! c. Ulllml:y

.].I'IIIl.l~cof

r&1.l: Cr~. Cn~ c.o..'t"J".

11 -.er. U. T.]1 a. I. ZO
.-rUp GIa ~ty Id&b-Y.

l.) 1lIIO'f'~r. of rut'~..
~r~ ea-aQ'.

$I 1/ a'eC. I.. T.]I) •• L 20
at lrtUc:4I!! <BIo~~

!IX.. .2 It of ".I.r
e::.-o-r..~~.

U U ooc. •• T. )0 ...
2'0 _. ar. hn• .,. ¢ClIIIIl["r

.2a1~-c-o:f

f.tll!r CrOYt.. c~~.

11'" -...c:. 30. T. n •.• L m
at brlAp CIG eo.zt:IIty In.J.tM 1
a1. _~t at fd.:r:: en...
c;t~~~,..

11 n: jj4 ...... .u. T. 3l. •••
t .. ll .a.t.b~twI~

..... CC.l.s:~tof

Fa.1r c.~ CI-~ ea.-ry.

I: "Z NC. U. T. 31 I_. L 11
•.e h-l.q. .. QEIUIILf:? 1l:1,pwaJ'.
1: 1"~"I"~t. of Tdr CIvn.
Cr-~eo-.r::,..

11 MC-o Z t Ia ;n •. t I. U
at la-vatt!Y fDr4. CIa CGIIa't,
~7 1'. ) w1 _lrrdllllUJlt of
~. \leU!("u CcKmty.

n 11 114 HI=:. n. T. 19 W...
1.11 v •• at ~lU 'ord. c;IQ

Ci:/l\IIIt", hlPa'J'. 3 d 1lIOr-~t

of D.1p.ta... V.-NCo- eo..a.ty.

SIE 1/4 n 11 H'C". J. r. 2910.
&. I' V ae. brule GII!I Gotmt,
KlaJtvllY .5 m. lIII'r-t~t of
DlUla..-. Webster Coua.cy_

n 11' ._K. lS, T. JO 8 •• I.. 19 W••
.. It l~t.1[" fOTd oa. (;OUI'Ity

b.lf,bv.y. 1 ... 1IDQt.~au of
IIonhYl'I!'V. WLb.ter CcUllll'.

((W J.'-' nco 3. L 2' N•• lit. 19 w,.
oIIIIt hI' Idlif: ~ CovDt"1 H1lhw;ay I,
1.S .1 aQull:b of rton,""t~,

UI'b'lIt'~_r Coun.cy.

$" 1/4 tN 1/4 nco 3, T. 29 H.,
I. 19 W., at brld8,1! on Count,
H.1.lhvay 11., 2 .n soy-thwe_t ot
Morthvi.ev, V.b.lif:1' County.

sw 1/4 .ec=:. 3', T. 29 K.• K. 19 'II ••
.l brl4se QtI, CCII,mt)' Riahvay pr,
J. S a1 V1Il.ft of rordl..&nd. V.b.t ....
Co'll.Ot,..

it! 1/4 nco 28, T. 29 M., K. J9 \iI.,

at ll1j1Y-V.*t.er ford vn c:vunr:y
hllhv_.,. " .l Dbrt:b\.teat: of
'o-r1lllaDd. \leht..1"" CGuo'CY~

S£ 11' .iK.. U. T. n ...... 19 .•
a-t 'ltrlql!' Q'a (.(n.IfIq IU.Ibv.,. 11:.
~ .&. ftIIII..-~t of l'C1rrdh:od,
tb.ta iCt;.lrI;a:lt.y4

1/' .e<:. 2l. T. 2t & •• Il.. 19
abOu-t 0.] ... e.&:St. of &Iltlocb
(:bgr~. S.S .t IIIlnh.ut ef
rO'f4.1A1d. &~ter ee.-Q'.

1/45U- 111 'L. B ., I.. It
at 1~t.0" (GIrd! aD ~t:,.

~ I. " at. DD1"th,,~,u of
for4halt. ~Ler CoaIIq.

••

u-u-n

JJ-u-n

Il-u....n

u-u-n

L1-u-n

"'"-/J&-1...,

"'11-1)
1-1...1

1-1...,

'1-1 ton

"'n-n

...11-7)

.... ' ...14

0.7

~.,

O.~

.,

1.0

1••

.O~..~
1.0
1. ~

).

.2

"

O.l
).0

.t

•

.1

..,
.0

o

:ro

llO
)1

no
)10

310

J10
1

10.0

n .•

U.,

H.~

H.O

n.o
II.•

n .•
19.0

n.o

21.0
l'.O

2'.. 0

u .•
n .•

.0

v.o

n.o

2) ••

U.O

--

Sc=:atttlc• .s pooh io.
(;U~t!k. - no flow.

ov. --.....11 pool of
va.Ltt ,lD dunm~

lC'TI .... Lloa eq1J~t

lot;atd .... .,h.U
.:1.1:••
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Table 7 (continued) •••••

~._.,
(P'. I)

...u .. __ Lo<o'loft " ..
CoowI..,".<o W.... U.

~.oe"'<I' Uo_'", ._,,- '_or_
(ft".) t n'c) .'0" ('C) .'on ('C)

Surface Water

1IW 'f< ,0<. 20. T. " '. 20 1971 •• ""._
w•••• 't'ola' """ 1 ', t .S.. , f ff.... .....9-""' <:-.,.

•..>

..,

>.

u,

>u

u>

,u

u>

,u

'u

no

>U

u,

m

On', c....

J_••hor
( - ..
..." 0'0>0'80,

Sa...,•• c••••

LUtl.......1••
SpTl..

J_••, •••

.0..... Cto••

......... c....

........ e....

....... e....

p...... c....

P....... c••••

SW ,'< ,0<. '. T. ~ P •••• 20 w.
•• f ••4.. '_" h"_" )
.., f ....ff...,

G """""•

.. "> "" '" .... ". T P ••
• P, '0 w•••• '''''' ,kl,,,,,,,, , .1 _ .

S".ff.t'. Gt..... """"or.

"" '" PI' '" 11. 1. ,. •.
P. 20 w., .. f ,ouo"
."_'. 0 .1 _ •••f
S'.. ff.... C...... """".,.

00 U .. bo-.. " .... '.
•. 19 lOW ••
•• '_" h '.
1 to! " ••f .......tll••
c """"••.

"" " ..... ". T. ,. P•••• '" W••.. ''''1' ,ouo" kl, '.
S .. , 00"' ' .1 In.c._ e-••.

$~ ,/< 'W ,/< .... 11. T. " P.
•. ,. W..•• '''4' .. s.....,..... u,. S ..I _ ••••
....fl •••• c...... eo-••.

.. "< "" lIa ,0<. " .•. ,. •. ,
P. '0 w., O.ll ., _ •••1 .
".""" lll, 0.' _ ..
• f J_' ....., l _,h
.f .".ff•••. c e-".

$I "a 11\1 '/a ,0<. >I. 1. 19 '0>
" '0 W.• 0.11 ., _ 1 ..
"'.""•• lll. 0.1 .< a<
.f J_ l .' h
.f ....ff.t•. e """"••.

"" "0 11\1 'fa .... ll. 1. , ••.•

•• 20 W., •• "".' eo-"........ D.' f
$p, ... " .... c """"".

.'''0 PI' ,I' .... a'. ,.".,
•. '0 w•••, ." .U.""•• Ill. >.1 .., _tt_..
• f .........n •• 0..... <_'y.

.... 1/' "" 1/' .... If, Y. ,.. •.•
•. '" W..•, "U,"" ......,
, ......., ....... f """"".e._"""",..

.... ,/ ..... "0 ,0<. ". Y. " •.•
'. '" w" ,
......., •• ,... c•..- <:000",

.... ,I' .... s, Y. ,. '0 W..................." .
a oi .... of ",'...fl,'4.
e.o.- eo-••.

""1''''' "< .... ".•. 19 •••
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

Table 7 (continued)•••••
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Surface Water

Table 7 (continued)•••••

Mop
n~1"

(p1. 1) St.atloD a....e Lo"Cloo Do,.
Condw:::t.ncc
(,r.l"'~/cs
e 25"0)

V.te.r
te.per-
..tUI'CI (·C)

AI.
te.pIl'I"
.lIIt.ur~ (Ie) Heaarlul

13' ME 1,/4 58 114 lJICc. 30. I. 28 N••
1\. 21 w.~ ..pprod....tuy 0.5 at
down.tr... f~ Lattl SpdJ18
Udd••bout. 1:5 ft ft_ th
J.aae.. IUver I Cre~e Col,lfl.ty.

&-20-74 J.o 440 1'.0 (, 2 1).

13' tup1. ero". JUnc:h
(puk-flow
natloa 070S(800)

sw 1I~ tiE 1/4 IIIICC. 3. T. 27 N.• 19S7 to (:Uor-

R. 21 Y•• at culvtlrt undil!!lr rent yl!..r
CCllau:y HilMl.y pm. 3. '" Iri nonh
of Os:.rk, Christian County.

137 JaAl!1II l.Jver tnl 1/4 MW 1/ft nt.. 16. T. 28 N., 9-1-'"
R. 22 ow., .t bridle OIl St..til!!
Hilway 160. 2 aJ &Outh ot
Sprlnafleld. Chd..thn
Cout!.[y.

On 9-1-54. there va.
In-ipt.t.on frOll.
poo 111I in the charme.l·
QQ bQch .1.d_1 ~f ehe
bridle.

8-H-75 U.1

SV 1/' ME 1/4 nc:o 27, T. 28 N.,
J.. 22 V.• at bridS4l!! 00 County
h.J..ghv...y I 2 _:I iJOu.thun gf

lattlil!lfil!'ld. GrNne Cowu::y.

tfE 114 ME I/f.l Itee. 32, T. 28 H••
11:. 22 \I., about JOO ft. hc.
j~. Rtver. 2: .1 llIQ1ulth..... c: oC
Batt.lefiud. Chrt.lt..t&o CiPunty.

IN 1/4 lee. Z7, T. 28 N., R. 22 \I .•
at bridle on (ounC,. b1....... :1
Ut!!ar tile .auth. 2.5 Irl lIouth
of Spr1nlfl.ld, Crune County.

Sf: 1/4 sr.: 1/4 nc.. 14, T_ 28 N••
11.. 22 W., 0.25 at ViY[ of U.S.
H1atJv.:r 60. 1 .-l .0000th of
to\mty II.1lhv., K. Crun. County.

(2).

21.1

19])-:39

1.972 to .cur-
rent. year

112 1/4 SE 1/4 "'C. 2', T. 29 N••
R. 22 .... t at brid8& On Su-tc
Hlahv.y 8a dowolll tre.. trOll
Jordan Creek, 1 ai 'W~ [ of
Sprtl1sf1eld.

HE l/~ HE 1/4 set.. 6, T. 28 N.,
R. 22 trI•• on ri,ht bank just
dovn.sne.aJ:II. froa. brt.d8,oI!. tm
county road, 1 .1 up.[I'~

fr-~ Southwest Sev4gl! Treat
ae.D.t pllll-'t of Springf'1,dd ilDel
Soutb Creek, and in. Sprt..ngU"l.d.,
Green!!; Count,..

NIB 1/4 lie-C. 3'2., T. 28 N., 11.. 22 W.,
at ~OUD.J:y highway bridge 2 at.
IIOUth••• t of btthfitllc1,
Cb-rll1 t L.f'II Ccn.mty.

sv 1/4 MW 114 Uf::. 5. T. 27 tL, 1967 to c::ur-
R. 22 'W., u N~1.-.o-a HJU Bt1,d..,e rIWt yca.r
on county road. :2..5 ai II-auth- 8-12-15
ea.t; of \111800 Creek and 2 a1
up.t.rlYa f roet wllJII(1n Cr_oIIlk.

Nt 11' ue. 23, T. 26 N•• I. 22 V.•
at bddse on eoUdty Ua"".}'.
1 .1 .out.h of Spr1J1sfie.ld.
C're.ene COUllot,..

ME 1/4 11ft:. 22, T. 28 N•• L :u W.,
lilt 'brldae Qln II;QVI1t,. hJ.a:hv.,..
:2. -.i llouth of. Spri.agfteld,
c.rc.eTie CQunty.

138 Ja.I!!. livf!!r

139 Ward Sprlna

140 V.ard Br~

141 Ward Ir.nc..h

142 V.l"d lu.ng.

143 Blue SpdOI

U. J ....... alveI"
(~Olllt1DUQd8-

record a t8t 19o
070,lSOO)

145 Ja.el8 liV4r
(vae.u-qualiry
record .tatloo
07051600)

14' wu..o~ crf::U
(collt.i.nuoue-
C'"1!(:(lt'"d n ..t.,loD

070"000)

14' ~i.1II0D CTiI!!~k

«:(Int.'inUCIus-
rell::ord IItatioD
0,"'2100)

148 W.11son Creek.
(coot.1nUOU-8l
rccord. .Ut!1;m
0'052"0)

Sill 1/4 HI! 1./' ".'1::. ~, T. 28 N.,
It. 22 W., 1. 700 ft dl;Aln. treUl
rr~ South Creek..

1968-72 (2 ').

149 SE 1/' tN 1/4 set.. ll~. r. 28 tt.,
R. 22 V.. 00 the vest b.D.k !:If
VlLeou Creek about j .t 8ou[b
ve.st ~f Spl'tnlBifl~ld, Cr-eilme
County.

BO Wilaon Cr~elr. SV 1/4 sec. 18, T. 28 lL, IL 22 iI.,
at bddae ~ !;Qunty road, ],000
f[ downat:reaa fr(nl ~dCl,[" Sprini.

(,).

Hl WilBOD Creek
(c;ont1.nuov.,.
reeord • It.. totem
0'0'2160)

tN 1/4 S:W 1/4 _e.l;:. 24, T. 28 N.,
R. :zJ \I., ll[ bridge ~p (:.Qunty
ro&d, 2,000 ft upatr~ frtnll
ltdlh.a..rLt!}' Br.aneh.

1968-70.
1972 t.o c.ur
;-Ilmt YNr-

(').
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

Table 7 (continued)•••••

...".
t,l. 1)

U2 II sv 11 ..c. 2S. Y. ZI l ••
I. 1) v••• t br1d.&_ CI!II C'.cPWIC'J'
~. 1.)00 ft: ap:1IU~ {n

Sb<l710. l:r0'eL

L/'. U. _. 2.J. T. Z8 0 ..
I. 2J v.••It lQW-'W:lltU" 'bride.
on CDVIlt']' bJ.abv.,. r 1. S ...
aout.twuI. t o,t Il!pub lie::. C~t!~n...

eo""tr.

n 1/1 S£ 1/4 0«. 26. T. 28 N.,
a. 23 w•• at ford on COunty
Mlhwa,. nul' the .o\lth. 2 .t
.outllve.t. of B..Ul.f1eld.
Craftllt Count.;y.

Du.

~l...-. Itr-

~ ..../ l
(rc "0) UOe) ,,-<KYO tOCl

0.'
1.0

o
l.O

t').

(,).

On. 2-20-15. fle,.;
deCl"e.a..lled to _bot.It
0.2 ttl/. Ju.t up
.U'w.M1 tC'o- c..p-
&l'ovnd $prlnl..

On 8-20-74. th.•r.
ver-e tu::attlll"td pool.
ne.ar the a)uth.

lSi

1S9

160

161

162

1i4

liS

Tcrr&1l

S,rlal

IN 11. 5W 114 .ec. l. T. 27 H••
I. :z,li. W•• at. ford em r,OUllltJ'

h.l.Jbw"}', 2 -.i e:.... t o'f BU1..11li.....
ChruU...1'I Cou;I:liry.

11. $I 11' __ 1. Y. 2J

24 V•• at: fll).N oa ~t'J ld
• Z.S" _c <d 1l1.1l1Qp.

CIt:tlaIt1aD CoImty.

1/' $E U4 .ec.. •• T. U _.
... U -t a-t fetrlllae~

"I. J aJ ~t of UU.....
(krUt. eo..l1'.

II. __ " T. V • L U o,

• t ~1'1.. 00 touaqr y .,
I.J IlIOn" of Cl.-r«.
anuU-eo-....

SI 11' $V 11 oe<. JJ, T. 11 •.•
•• U III., 1A p..t ..t.vr~ about O.S
at ~t. o[ ~ty Mabtn,..
:J ~ _nh of Cle....r. Cbl'1nt
C~cy.

... III "" II' Me. I. t. n •..
t. 2:3 W•• in p.utut. abouc
1..5 a1 1A!!n of County H.1abv...,
tl, :) a1 aarthe.a.t of Clilver I

Chl'ht1.an CO\mty.

SE 1/.... 1/4 If\/ 1/4 .eo. I.
T. 27 ft •• I,. 2l v •• 1.D p••tur.
llllbout 1.. S .1 ~n of Councr
Hi,bov• .,. z.z.. ] a:1 uor-t.h.... t of
Cl.....r. Chrbt1AD CG'LmQ'.

11' R 1/' 5l!C. 1. T. 21 I .•
I. 1.1 v•• a~ n~.1.GIII UN
e:r_........ alIout: 0." m ~t: of
Cc:Iowt"r 1..1.&••_,. u. ] .. IlIOrUr
~c 11I1 Cl~. au--t.c: c.o..'t'J.

1/4 U' jRL 15 1 T. U.
.... :u .. ~t:ure~"t 0."

-.t of CG.Uy Do.
11 &l ~t. or n...:r.

u-e-<y.

n U. 11' oee. ». T. II "o,

13 110 pu<'On c 0.1
t Glf CGmlt'J'~ at

J ~t:. o:l o..r.:r.
CH-lau... e.a-ttr.

11 1I _. Z, T. U
a. 2J 1.000 Ie 1IIU'C of
Qt-.c-r aJ.&Iw&J" zz,. } -.f IIIIO.I'D

~(. Gf Cl..-u-" CbrLIId...aB GDwlt'J.

...,.

...u-n

......15

I.)

10.0

.0.0

o

.0

1..1
".0

.9....

.J
7.)

D. ]
U ••

o
n.)

o
4.0

o
D.l

l.~

370
llO

350

l10
:l<O

440
170

440
l4)

14.'
U.S

14.0

19.0
16.0

11.'
17.0

20.0
16.0

20.0
16.'

'6.0

II.'

...0

II.'

D.S
10.'

11.0

!L.O

11.0

D1.e~r&e va. frail.
-'Pdq ltl'a~b .nd
b bqla:nLa.& or ~..
reDD.1.tll flIPIII' h
1"a.rre.ll c..e.ll..
rlCIV apn.TiIUmI r~
qrill,J b,._lIlIeh C'pt
c1vrtaal>o""7
preetpt tat too.

oa ,..l..l-n. a:t:::r..
vaa ~bLdy 4.q
I.D t-"-- n:a.dli •

u..:IlIIC:~ r
w.d fol'

rIC7 - '-'-15.
c•

llo 9.o-n. fun......
eate.red 1oD& poc:I!l
aIIIIi d.1.&appeA.Td.
Cl'cdt v;a.. dry co
jUDC'tlon with wef:
IIr..nLh •

On 9-1I-n. flO"
~d.d about 200 ft
dovn.tr..... Str...
v ... dry fra. tbU
point to Doubl"
5Prll>&·

SaGrc.! of QCIIV fo'l'
l~ krr-.lJ Cr..
cI'II:l""lq, dry tbtll...
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Table 7 (continued)•••••

-. .-...._. ...... ..._.
n.d••••• (._1... ,-" ,-"(.,. n 1...... - ....".. -,. C.. 'loi • u·C) ..... ('C) ..... ('C)

_.•
,. ~....ll c.••• n II> II\< II> _. n f. 'I ... ... ,I-IJ ... ." 11.0 11.0 ",-.-.. lJ ~.... h'", .. e:-'J .._" .., 'N N.'

.,...... U. , 001 .." ....., ~f ......" ".0 * Il.l 1l.0
CI...... 01..." .. e:-...

'" vu_ c...." ""u......__•. , .... ~. (I).
f. U .... II ... I. II v.. ot....,.. '~". 1._"_
ot__ f ........ '.1 c.....'. ....... I.".. .. II> Ie ,/> '"' '1< _ • ,. (,)... 11 I .... II v.......b•
_ .f Vtl_ e.-b ..... ,
0.1.' ........ 10...... J_
...... co""," ""'""J.

.,. c._ ..11.. C,..b III '1< "' 1/.... 1/. Oft. 11. 1-"_11.. " I .••. II v., •• fo".. '-" ..... I.' ..., o'
CI...,. 01••••••• 00-,•.." c,_ ••" •• c.... OIt II'"" II. III 1/..... ". ....Z!-,..........,. '. "".... II v..., f .......
.....J.-. ,." ...... of
c,..... 00..." .. .:-.,.

'"
C._ """ c.__ III "~I "' 'I> n 1/> _. ". 1-11_"...,...,.,. .. II I .. I. II v.... fo.'--.. .-.l~_....

.... • f c,..... (:Ior1 •• I..

.:-...... c._ '."" c..... "" IJ> II IJ> IV I,. _. n. 1-"-".. II " .. I. n v.... f ... 1_10-" _,..... n ...

.. '_'J'-.' al _ ..... ...__lo.

_It ~f " ....... 00.1."..
e:-'J.

n, ._ ..".. It_.
... "> " "' .... lO.r.If •.• 1-"_1> ., 'N ".0 ('),•• ::V.••• ,... _._•

••.-•• l ., _,_.. ~f

"'" _ .." .. _'J.

n' J_. U ... .. 'I> '"' II> _. n. f • " I .. '91. '0 ..........._- .. II ~.... ,.r. __ •• .., .......... " ..... .... " •••" .... 0.1 ... -"'"OfOIIUO) f ... _"'J ..,.......... I .. __
_ ...f 10... _to".. _ ...

." ~" .... "uow n 1/. "' 1/' _. n. ~. If I .. I-n_" ., •• "., .11 n ... __ ft_.. "v.... f ..... _'J ......., .....f
......... > oJ _._.,.r .--" ..._....•'''. do"."" _ ... ..,. ........ It..

...... _ fI......•

............. , ...01_..... '
," ".,., C.... ... ". n "._. ". .. II ' .. ...._".. I'v........ _ ............,. 1,'''' ....._ •• ~f

...............re-.' .
'" ".,•• c..... ... II' n "> .... 11. T. II I .• .... JO-7l .." 'N N.' _If ,_ f.".........., .. 'I v..., f~......... I., ••_ ..,h

"'-'. 0.1 ., ....,. ~f ".I.J ........_..
c ...." __ J.I ., ..... _ .. ~f

, ....... , v.b.... .:-".." "o1'J ~..... it II' It)/._. 10. T. II •. , '1-11-7] O.OS
•• IJ v.... hU,... e-'J
"-',...., "'........'_.. of,............,.. .:-,..

'" ".,., c.... _. 1/' rv l/' ...,. It. 1.
n _..

'1-11-1] .. n.O ,t.O.. U v.......................... Sal ...,_.of
~. v......r """,., .,. ,..,., C,_. .. '" "' '" _. ". T. II '"

.._12 ..
'. "v..., fo..... "'" "'''-U .,
." ....J. '.'" _._...f
............... ,.. e-.J.

'" ...,•• c..... "" ," rv '1' _. n. T• " I .. I-_ll •.. If ... .. r..... _ .. '1-11_11 .,
"'-J. , .....,-., .f_._...-...... Lit')....,.,. c..... n ", '"' "' _. '... II •. , "'''-'1 .. * 11.0.. " ~.......)....n ....
_'J .,.....,. '" .... , ..".-._... _,..... ,............ _.....,..

Surface Water
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

Table 7 (continued)•••••
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Table 7 (continued)•••••

Mop Conduc tanct!!! lII.taT Air
n~ber Dbcbarle (iIIrttta./e. te.per- te.porr-
(pI. I) Stlllltlon na.e Location Date (fr'lo) @ 25'C) ature ('C) atu.re. (·C) Roou.rlLo

201 Finley Creek. XW 1/4 SW 114 .ee. 18. T. 27 N•• 11-31-72 8.6 320 22.5.. 20 ".. &11: br-ld.S_ 011 COUDty

h:1&""·1. 2 -.1 nort.hea.llt of
O~u·lc.t Cht'lIUan CouDtY.

202 Parched Gorn SE 114 NW 1/4 sec. 18, T. 27 N•• 8-31-72 0
80110v a. 20 W.. et tord On c;ounty 8-21-74 I.J 375 21.0 <').

highway. 2 • .5 .1 northlYat of
OUl'k, ChrlstJ.an Cout\lty.

20J FlnJ.ey Crt!:l!k Sf.: 1/4 KE 11' ..c. 14, T. '1.7 N•• 8-31-72 7.~ l20 12.5
(low-flaw .tatiDn .. 21 W.• a.t bridle OQ, county 9--12-73 20 310 2J.O 26.0
07052300) h1:s.hvay. 1 .1 north of Oza.rk. 8-21-1' J6 320 24.5 <' ,).

Chri.5Uao County.

204 flnlil!y C::rl!lek NV 1/'- .ee. 1. T. 26 M" .. 22 W., 1967 to Cl,l.t"-

(w.ter-qual1ty at bridge 00 U. S. H1ghv.y 160. unt yur
t'ecord f-t.(lltlon 1 at aodthwen of Rtvud.h. 9--12-73 3D 340 23.0 24.5
07052340) ChrlnLan County. 8-21-14 48 JJ5 24.5

1. See- T"ble 6 fOI: dlemical an.lylle. a[ld dillcharge 4.tta for u·lected .pring_
Ln chilli: Springfield aru.

2. See Tabl!!' 8 for low-flov fre~uent:y d.lIIt:a,

3. SIIII'G Tabl. 16 fol'" t-hll!'llical .'Dalyses of vat.er frQIID .tre,"" • .,d .,rln••
.e•• urad dUl'"lns .. lov-El(N period.

4. See Table 10 fur peak-flQIW frequency and ftood-vol~ dat.a

S. Sel!: Table IIJ fQr results of III seepa&tI nzn on LO"IrNIl'" 'Wihon Creek, 'NOY. 2. 1971.

Surface Water
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WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

MAGNITUDE AND FREQUENCY OF WW FWWS

Low-flow frequency data for stream
gaging stations and springs in the
SpringfIeld area are shown in table 8.
These data were computed by using
procedures described by Stelton (1976).
Briefly. the method involved fitting by
computer the log-Pearson Type ill dis
tribution to the logarithms of the lowest
mean discharges to provide low-flow
frequency estimates for each station. In
some instances the log-Pearson Type
ill distribution did not adequately fit
these data, and these data were plotted
against their respective recurrence in
tervals on log-Gumbel paper, which has
a logarithmic ordinate scale and an
abscissa scale based on the theory of
extreme values.

The tabulation of frequency data for
continuous-record stations in table 8
includes only the 7-, 14-, 30-, and 60
day periods because these data are the
most commonly requested and used.
However, if additional data are required
for other available time periods (I. 3,
90. 120, and 183 days) arrangements
can be made with the district office of
the U. S. Geological Survey in Rolla,
Mo., to obtain these data.

Only 7-day low-flow frequency data are
shown for many of the stations in table
8. These are stations (called partial
record stations) where continuous rec
ords of stage were never collected; low
flow measurements were made at the
stat!on on different stream recessions
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In several different years. These mea
surements were related. graphically to
concurrent discharges at nearby con
tinuous-record stations. Then 7-d.ay
data for two or three recurrence inter
vals were transferred through the re
lationship to obtain frequency estimates.
This procedure provides reliable esti
mates of median values (the 2-year
recurrence interval on the frequency
curves) and estimates of less reliability
for more extreme events. HoweverJ

there is no way to mathematically eval
uate the magnitude of the errors in
volved in the procedure.

Low-flow frequency estimates are
shown in table 8 for two Wilson Creek
stations. The low flows of this stream
are significantly affected by urbaniza
tion, which theoretically decreases low
flows because of decreased soil-moist
ure storage, improved drainage, and
lowered groundwater levels. However,
Wilson Creek's median low flows are 5
to 10 times greater than thos.e from
natural basins of comparable size in
the region because of augmentation
from domestic and industrial effluent.
It Is interesting to note that median low
flows in feet3Js per m.lle2 are 0.2 - 0.3,
and are comparable to values found by
Miller and others (1974) for urban ba
sins in the St. Louis, Mo., area.

As shown in table 8, there is consider
able variaUon in the median low-flow
values for unregulated streams In the
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Table 8

LOW-FLOW FREQUENCY DATA FOR GAGING STATIONS, SPRINGFIELD AREA
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Figure 9

Results of seepage run in sac and Pomme de Terre River basins,
November 15-17, 1971.
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NOTE:
Refer to fill. 13 for more
detailed seepage run data
on Pearson Creek.
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Figure 10

Results of seepage run in upper James River basin,
September 10-12, 1973.
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Results of seepage ron in Finley Creek basin,
August 30-31, 1972.
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area. An inspection of the geologic
map (pl. 2) shows that these variations
are closely related to the bedrock geol
ogy. For example, streams draining
the Jefferson City Dolomite (upper
Finley Creek, upper James River, and
a major part of the Little sac River)
have 7-day Q2 discharges of 0 to 0.04
foot3/s per mlle2• Those streams

draining the Mississippian limestone,
on the other hand, generally have 7-day
Q2 discharges of 0.05 to 0.10 foot3Is
per mne2 . The seepage-run data in
the following section will give a more
precise evaluation of low-flow patterns
and should be used to locate gaining and
losing stream reaches.

SEEPAGE-RUN INFORMATION

Seepage-run information is an excellent
indicator of the magnitude and distri
bution of low flows within a basin. When
used in conjunction with the low-flow
frequency data presented in table 8, the
magnitude and frequency of low flows at
many points within a basin can be esti
mated. These data are invaluable in
locating municipal treatment plants,
municipal and private sewage lagoons,
and industrial plants so as to insure
minimum risk of aquifer contamination.
These data are also very useful to in
dividuals who are interested in the lo
cation and design of surface-water im
poundments on small tributary streams,
and who need to know which basins and
stream reaches are amenable to the
use of generalized equations for mean
flows and peak discharges.
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In the Springfield area, seepage-run
data were collected systematically dur
ing the study (tbl. 7 and figs. 9 to 14),
with special effort being made during
periods of minimum streamflow. Data
were also collected in the winter and
spring during periods when storm
runoff was negligible from selected
stream reaches where previous seep
age· runs indicated zones of appreciable
streamflow losses (see figs. 12-14).
These limited. seepage runs supply
valuable information about areas of
excessive water loss to underground
solution cavities and indicate reaches
where disposal of any type of effiuent
into the stream will be likely to con
taminate shallow groundwater supplies.
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Results of seepage runs in Pearson Creek basin,
September 10, 1973, and February 20, 1975.
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Results of seepage runs in Terrell Creek basin,

September 13, 1973, and April 9, 1975.
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For comparative purposes, the results
of low-flow measurements made on the
James River during the most extreme
drought on record in the ~ringfield

area (1954) have been included in table
7. Also note that the low-flow frequency
of the seepage runs is shown at the
bottom of each map (figs. 9 to 14).
These data can be used to estimate the

magnitude and frequency of low flows at
many points in the basins.
The following short discussions of ba
sin seepage runs are included to clarify
the data shown in figures 12 to 14 and
to present the authors' interpretation of
the data collected in selected basins.
These are the basins where significant
water losses or gains have been detected.

Pickerel Creek Basin

Pickerel Creek basin, located in a
rural setting about 10 miles west of
Springfield, ceases to flow throughout
most of its length during periods of lit
tle or no precipitation in the summer
and fall. During winter and spring,
however, flow is often continuous from
its headwaters to its mouth. A major
question facing water resource investi
gators is, "Is Pickerel Creek a losing
stream throughout most of its length or
only In certain segments of the dry
reach?1I The answer to the question
could have an important bearing on fu
ture basin development.

Figure 12 shows the results of seepage
run measurements in August and De
cember of 1974 and February 1975. In
contrast to the August run when there
was no flow in much of the basin, the
December and February runs were
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made during periods when the stream
was flowing in all reaches. These runs
indicate that during very high baseflow
periods, when the soil is saturated and
evapotranspiration rates are very low,
there is a reach of about 2.5 miles in
the lower middle portion of the basin
where streamflow is lost to bedrock.
streamflow losses under these bydro
logic conditions could only indicate
surface-water movement toward the
shallow groundwater aquUer.

It is possible, but not probable, that
surface flow is lost to the shallow aqui
fer in the upper parts of the basin
during dry weather. More than likely,
however, the small headwater flows
from Trogdon ~ring (pl. 1, map no. 14)
disappear into the gravel fill and are
dissipated by evapotranspiration.
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Pearson Creek Basin

The hydrology of Pearson Creek, a
tributary of the James River near the
eastern city limits of Springfield, was
studied carefully because (1) it is an
interrupted. stream for a considerable
time during most years, (2) structural
features in the basin are complex and
their relationship to surface and ground
water has never been determined, and,
(3) the basin, though primarily undevel
oped except for subdivisions in its mid
dle reaches, is a prime candidate for
complete urbanization as the city ex
pands to the east.

Major structural features are shown on
the geologic map (pl. 2). The Pearson
Creek fault system and the Danforth
graben apparently have little effect on
surface-flow patterns. seepage runs
show that the flow increases rather
uniformly in the upper and lower reach
es of the stream where these structures
are located..

During periods of low streamflow in the
summer and fall, Pearson Creek flow
is interrupted.. As shown in figure 13,
the interrupted reach coincides with the
area of initial urban development in the
basin.

Great care should be taken in planning
water systems and waste-disposal fa
cilities for the interrupted reach as
urbanization continues and intensifies.
There is little doubt that shallow
groundwater supplies in the area could
be extensively affected by unregulated
development and growth. Hydraulic
connection between shallow and deep
groundwater sources emphasizes the
importance of considering the potential
intersection between surface and ground
water in this area very carefully during
futu 1'e development.

Terrell Creek Basin

Terrell Creek is representative of a
number of Ozarks streams that have
alternate gaining and losing reaches
throughout their entire lengths. seep
age runs in september 1973 and April
1975 were used to define the alternate
gaining and losing characteristics of
the stream.

Although the september seepage run
was valuable in showing the general
flow characteristics of the basin, the

most useful run occurred during a time
of stable but saturated conditions in
April when the stream was flowing in
all reaches. Note the comparison of
results from the two seepage runs in
figure 14. Reaches where loss to bed
rock OCClD-"S are much better defined by
the April data because measured losses
cannot be attributed to movement
through the gravel (it was saturated) or
to evapotranspiration (vegetation was
still relatively dormant).
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WUson Creek Basin

The urbanized Wilson Creek basin has
been the object of intensive hydrologic
studies in the past for two primary
reasons: (1) occasional fish kills, as
sociated with storm runoff, in Wllson
Creek and the James River downstream
from the mouth of Wilson Creek, and
(2) odorous and unsightly oonditions in
tbe vicinity of Wilson Creek Battlefield
National Park. These two problems
are caused by extensive urbanization
and related storm runoff in the head
water areas and the fact that Wilson
Creek is used to transport sewage ef
fluent away from the main sewage
treatment plant in Springfieldts waste
disposal system.

Because past studies have resulted in
extensive analyses of hydrologic prob
lems in the basin and because a study
of urbanization effects is beyond the
scope of this report, very little addi
tional effort was expended in the basin
during this study. seepage runs were
obtained on Terrell Creek, an inter-

rupted-type stream that is tributary to
lower Wilson Creek (see fig. 14) and
the lower reaches of Wilson Creek.
Table 9 is a tabulation of the data col
lected in lower Wilson Creek during
this study. The data indicate that
Wilson Creek downstream from Rader
Spring is not a losing stream, at least
during high base flow conditions.

For information obtalned during past
studies in the Wilson Creek Basin, re
fer to reports by the Federal Water
Pollution Control Administration, now
known as the Environmental Protection
Agency (1969), and Harvey and Skelton
(1969). Current data from quality-of
water monitors located in the basin are
published annually by the U. S. Geo
logIcal Survey, Rolla, Mo., in "Water
Resources Data for Missouri, Parts 1
and 2" (see section of tWs report en
titled "Effects of Urban Runoff on Wa
ter QualIty" for analysis of data col
lected at monitored sites).

MAGNITUDE AND FREQUENCY OF FLOOD PEAKS AND VOLUMES

Increasing urbanization and encroach
ment of domestic and industrial struc
tures on the floodplains of streams pose
special flood problems to planners,
consultants, and government agencies
In the Springfield area. '!his increas-
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ing activity in the area brings with it
the threat of more frequent severe
floods and greater flood damages as
impervious surfaces cover greater per
centages o[ drainage basins.
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Table 9

RESULTS OF SEEPAGE RUN ON LOWER WILSON CREEK
NOVEMBER 2, 1971

~.

nUliber Stnlcn n_ .nd IDenl""
(1'1.1) (In dcwn.tre_ order)

148 \/ILSal CREEK
SII 1/4 m: 1/4 nc. 7, T.28 N.,

R.22 11.,1,700 ft down.tre_
fr<llll South Creek. (conUnuou.
record g.glng Itnlon 07052150).

150 IIILSal cun
SII 1/4 nc. 18, T.28 No, R.22 II.,

.t bridge 00 county TO.d, 3,000 ft
d"""otre.. fr<llll Roodet Spdng.

151 1I1LSCfi CREEK
tf,I 1/4 SW 1/4 ..c. 24, T.28 N.,

R.23 II .••t bridS" 00 county
read, 2.000 ft "p.tre.. fton
IlcElhoney Br.nch. (contllN"""
...eotd g.Bing ot.tion 07052160).

152 1I1LSCfi CREEK
NIl 1/4 SII 1/4 uc. n, T.28 N.•

R.23 II., .t bridge. "" county
road. 1.500 ft upot"'.. fr,""
SlNyLer C...ek.

167 \/ILSal CREEK
()\ line between lee•. I Ind 36,

T.27 and 28 N., R.23 W.,.t
KInley Ford, 1,500 ft d""".tre_
fr<llll Terrell Creek.

Time ...!>en dloc"-rge
"'u ob.erved

0945_1100
1130
1200·1230
1300-1745

,~o

1215
1415
1540

1140
1255

"00
1620

1110
1420
1610

"00
1245
1505
1650

Ill.ch.rge

(ft. 3/S)

""""
27.B
27.6
30.5
33.5

2B.4
29.1
n.2
32.9

27. I
2B.2
29.6
33.6

30.5
26.5
27.9

Diot.nce
between lite.

t-L)

Eot~ted Itre...f1""
tnvel time

(hn.)

,.,

!Iou: 3
I. terrell Creek fl"" of l.1 cubic feet per .econd (ft. IS) 10 not lnelud..d in diochorge HBure. for lIilooo Creek ot

Hanley Fnrd. 'Ibl••I1"". di ct c""p.rh"" of .... Inatre...uche..
2. !lcElh.ney Br.nch .nd Shuyler C ek ""' ... d.y.
J. Uu eot!.-..ared travel t1Jne be"""en .it.. to Iccount fo. I B••dud inc.....e in n"" fl"0III the ......ge-ttu......nt pl.nt

during t!>e d.y.nd c"'"l'..... !mila. fl"" conditionl It the .it.... for ex_pie, the Hut dhch.rge It .lte i50
11 c,""pI.abie to the .econd dhchotge at lite 151.

4. PI"" It Haniey ford ..... IUghtly Ie.. thon It .ite 151. Thoe .....11 dlfferenc,," (Ibout t 1/2 percent) c'n be
Ittributed to ev.pontion io...nd -.Uurement .ecuraey.

The purpose of this section is to pre
sent flood information from gaging sta
tions in the area and outline methods
for estimating the magn itude and fre
quency of flooding at ungaged sites.
These data and methods can be espe
cially helpful in insuring the proper
planning and design of water facillties
in the area.
It should be pointed out that a very use-

ful source of historical flood data and
frequency information are the U. S.
Army Corps of Engineers' floodplain
information reports on Wilson Creek
and tributaries, Part 1, and James
River and tributaries, Part II. These
reports can be obtained from the Direc
tor of Planning for Springfield, Mo., or
from the little Rock, Ark., Office of
the U. S. Army Corps of Engineers.
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Gaged Sites in Rural and Urban Basins

Peak-flow frequency and flood-volume
data for the gaging stations shown in
table 10 were determined for the most
part by computer, mathematically fit
ting a log-Pearson Type ill distribution
to the logarithms of the annual peak and
highest mean discharge data, as de
scribed by the U. S. Water Resources
Council (1967). A graphical frequency
curve, plotted on extreme-value graph
paper, was used for those stations fo1'
which the log-Pearson Type ill curve
was not a reasonable fit to the data.

For some gaging stations in the area,
streamflow data were scant or were af
fected to such a variable extent by ur
banization that frequency analysis was

not attempted. '!be basic peak-flow
data for these stations are presented in
table 11.

Flooding from heavy rains could occur
in any month, but has been most fre
quent during the 3-month period from
March to May. Gaging-station data
show that flooding in the Srpingfield
area is much more likely to occur in
May than in any other month. During
the 20-year period from 1956 to 1975,
approximately two and a half Urnes
more floods occurred in May than in
any other month. On the other hand, no
flooding of any consequence occurred in
August during the period of record.

Ungaged Sites in Rural Basins

There are many basins in the area in
which flood-frequency relationships
have not been affected appreciably by
the activities of man. In these areas,
it is recommended that flood-peak and
volume equations developed by Hauth
(1974) and S<:elton (1973), respectively,
be used to compute the peak discharges
and volumes of floods with selected re-
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currence intervals. Although the pos
sibility of red.efLning flood-frequency
relationships for southwestern Missouri
was considered, a plot of the equation
residuals (observed station values
divided by computed. values) indicated
a random pattern for the southwestern
Missouri region with the ratios ranging
from 0.56 to 1. 67 for flood peaks and



Table 10

PEAK-FLOW FREQUENCY AND FLOOD-VOLUME DATA FOR GAGING STATIONS, SPRINGFIELD AREA

PEAK·FLOW DAtA fLOOO- VOLUllE DAtA

llap Period Drainage l\ecur
number Stetion nae of area Slope He8nitude of peek, in cubic fe. t per .ee-oM. nee Flood volUlOe, in aere- feet t

(p1. 1) record (..i 2 ) ( fe/.. i) for indicated recurrenCe intervel, tn years. nter for indicated duretion in deve.
(yrs. ) ei

2 5 10 25 SO 100 (yn.) P.25 0.50 0.75 1 3 7 15 30

16 Picken 1 Cr. Tributary 1957-74 0.57 68.8 105 195 2SS 330 385 435 _.. --- ...... ........ ------ -----* ... --_ ... - ----_ .... -------
nea r R.epub lic

74 Oak Crove Branch near 1957-74 1.30 94.2 180 390 565 820 1,020 1,200 2 58 72 80 86 110 126 150 180
8righton 10 135 162 180 200 250 308 360 420

25 172 185 218 250 336 420 540 600

79 Franca Branch near 1955·74 0.59 109 119 265 405 660 915 1,230 -.. --- ---- ---- -..---- ------ ------- ------- -_ ........... -
Brighton

130 Jemel Rive.r near 1956-74 246 6.50 9,910 17,500 22,800 29,500 35,000 42,000 2 --- -...... ---- 11,200 18,600 23,700 30,900 40,200
Springfield 10 ---- _.... - ---- 22,600 42,200 57,400 73 ,800 94,200

25 _.... - _.. _- .- .. - 29,00058,800 78,900 102,000 131,000
50 .-.... ._ ... - _..... 31,700 70,000 95,800 124,000 160,000

100 ---- ---- ---- 37,600 80,200 115,000 lSI ,000 195,000

136 Hep Ie Crove Branch 1957-74 0.64 59.S 130 300 465 740 1,000 1,320 --- .-- ... ---- --- ... ------ ---- ..- --_..... - --- .....- -..-----
near Ourk
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Table 11

MISCELLANEOUS FLOOD DATA

WHITE RIVER BASIN

Map
07051500.

(Published as

number l44 (pl. I, table 7)
James River below Battlefield, Mo.

"near Battlefield" prior to June 1929)

Locat1on.--Lat 37°05'30", long 93°21'25". in NEt sec.32. T.28N .•

R.22 W.• at Blue Spring Highway bridge. 1.6 mi southwest of

Battlefield and 3 mi upstream from Wilson Creek. Christian County.

Drainage area.--328 mi2 ; 303 mi2 prior to May 13, 1929.

Period of record.--1926-32.

Slope.--6.33 ft/mi.

Gage.--Nonrecording. Feb. 17. 1926. to May 13. 1929. at site 3 mi

upstream at datum about 10 ft higher. May 13. 1929. to Jan. 7. 19~2.

at last used site and datum.. Altitude of gage at last used site is

1.090 ft. from topographiC map.

Average discharge.--4l6 ft3/s.

Peak stages and discharges

Date
Gage

height
(ft)

Disc~arge

(ft Is)

Sept. 30. 1926 6.30 1,920

Apr. 15, 1927 15.00 14.600

June 28, 1928 16.10 16.800

Apr. 9. 1929 11.20 8.010

Jan. 14, 1930 9.82 4.630

Aug. 6. 1931 10.50 5.350
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Table 11 (continued)•••••

WHI'IE RIVER BAS IN

Map number 146 (pl. I, table 7)
07052000. Wilson Creek near Springfield, Mo.

Location.--Lat 37°11'35", long 93°20'20", in NWtsEt sec.28, T.29 N.,

R.22 W., three-quarters of a mile downstream from Jordan Creek and

2 miles southwest of Springfield, Greene County.

Drainage area.~-19.4 mi2 • ~.--23.3 ft/mi.

Period of record.--1933-39.

Gage.--Recording. Datum of gage is 1,196.16 ft above mean sea level,

datum ot 1929.

3
Average discharge.--21 ft Is.

Remarks.--Flow affected by urbanization of headwater areas.

Peak stages and discharges

Surface Water

Date
Gage

height
(ft)

Discharge
(ft3 /s)

June 27, 1932 7.62 2,440

July 8, 1933 5.07 922

June 15, 1934 3.82 424

June 16, 1935 5.57 1,080

Sept. 28, 1936 3.77 398

June 14, 1937 6.87 1,880

June 16, 1938 5.35 980
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Table 11 (continued)•••..

WHITE RIVER BASIN

Map
07052150.

number 148 (pi. I, table 7)
Wilson Creek below Springfield. Mo.

Location.--lat 37°08'49", long 930 22'26", in SWtNEi: sec.7, T.28 N.,

R.22 w.• 1,700 ft downstream from South Creek, and 2,500 ft downstream

from Southwest Sewage Treatment Plant of Springfield. Prior to OCt. 14,

1970, at site 1,500 ft upstream.

2Drainage area.--47.2 mi ~.--17 ft/mi.

Period of record.--April 1967 to September 1972 (discontinued).

Gage.-·Water-stage recorder. Datum of gage 1s 1.126.10 ft above mean sea

level. Prior to OCt. 14. 1970, at site 1,500 ft upstream. at datum 2.86

ft higher.

Average discharge. u 5 years, 38.4 ft3ts.

Remarks.--Streamf10w partly regulated and affected by sewage effluent, urban

runoff, and natural upstream diversions of flow through underground

solution channels.

Peak stages and discharges

Date
Gage

height
(ft)

DiScsarge
(ft Is)

Dec. 21, 1967 9.05 3,700

Jan. 29, 1969 6.82 1,520

Apr. 30, 1970 7.08 1,650

Sept. 5, 1971 5.18 960

Sept. 15, 1972 5.83 1,180
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0.93 to 1. 29 for flood· volumes. Thus
it was not considered worthwh ile to at
tempt to improve the estimating equa
tions already available.

The peak-flow equations presented in
table 12 can be solved by utilizing two
drainage basin characteristics: (a)
drainage area (A), which is the con
tributing drainage in mile2 upstream
from any site along a river channel,
and (b) average main-channel slope
(S), which is defined as the average
basin slope, in feet/mile, between points
10 and 85 percent of 1I1e total main-stem
distance upstream from the site. An

Surface Water

example of the steps needed to solve the
equations is as follow:

Assume that the magnitude of a
flood peak with recurrence inter
val of 100 years is desired for a
site in a small rural basin in
eastern Greene County. The fol
lowing steps are necessary:

a. Determine the drainage area
in mile2 by planimetering along
the drainage divide for the basin
upstream from the site. Assume
that the drainage area is 0.5
mile2•

Table 12

SUMMARY OF PEAK-FLOW EQUATIONS

Frequency of flood
(yrs)

2

5

10

25

50

100

Magnitude of flood
(ft3/s)

-0 o~67.oAO.9U5A • 80.500

standard error of
estimate
(percent)

38.6

34.7

34.5.

35.0

33.3

33.3
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b. Compute the average maih
channel sl~ in foot/mile by deter
mining the difference in elevation
and distance between sites 10 and
85 percent of the main-channel
distance upstream from the site.
Assume that the distance) stepped
off by using dividers set at 0.1
mile, is 0.3 mile and that the
difference in elevation between
the two points is 21 feet. The
average main-channel slope is
21 It = 70 feet/mile.
0.3 mi

c. From table 12, the equation
for the 100-year flood is:

FI
OO

=85.1 AD. 934A-0.02SO. 576.

Substituting the values of 0.5
mile2 and 70 feet/mile in the equa
tion and solving it, a value of 511
feet3/s is obtained for the 100-year
flood. For convenience in solving
the equations) a graphical pre
sentation of the 2-, 50-, and 100
year floods are shown in figures
15, 16, and 17. By using figure
17, and entering the graph with
appropriate values of dralnage
area and slope, a value of 500
feet 3/s is obtained.

The flood-volume equations, presented
in table 13, can be solved by utilizing
one or more of the following drainage
basin characteristics:

a. Drainage area (A), which is
the contributing drainage in
square miles upstream from any
site along a river channel.
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b. Mean annual runoff (R), in
inches. For the Springfield area)
a value of 12 inches can be used.

c. SOils index (Sj), in inches)
which have been determined for
sub-basins within the state by the
Soil Conservation service (writ
ten commun. , 1970). In the
Springfield area a value of 3. 8
can be used for streams in the
James River basin, 2.8 for
streams in the sac River basin)
and 3.3 for streams in the Pomme
de Terre River basin.

d. Mean basin elevation (E), in
feet above mean sea level. These
data can be obtained from 1:62) 500
and 1:24,000 scale U. S. Geologi
cal Survey topographic maps for
small drainage basins and
1:250,000 scale U. S. Geological
Survey maps for large basins.
The elevation can be computed by
laying a grid over the map) de
termining the elevation at each
grid intersection and averaging
those elevations. The grid spac
ing should provide about 20 in
tersections within the basin
boundary.

The flood-volume equations of table 13
are of the same general form as the
flood-peak equations and can be solved
as described in the preceding example.
Note that the flood-volume character
istics are shown symbolically in the
table. For example, VO.25, 2 repre
sents a 6-hour flood volume with re
currence interval of 2 years; V7, 25
represents a 7-day flood volume with
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Figure 15

Graphical solution of the 2-year equation.
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Figure 16

Graphical solution of the 50-year equation.
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Figure 17

Graphical solution of the 100-year equation.
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Table 13

FLOOD-VOLUME FREQUENCY EQUATIONS

r; bl b2 b3 b4LHodel is Y"'sA E R 51 ; units are Y-acre-feet, A..square miles, E-thousands
of feet (for example, 1,200 feet-l.2 in thousands of feet), R-inches. and
Si-inches; data in Part A are for periods of less than 1 day for small drainage
basins; data in Part B are for periods of 1 to 30 days for all drainage basinsJ

PART A

Exponent of basin charac teris tics Standard
F.IOW' Regression Drainage Hean basin Hean Soils error of

characteristic constant area elevation runoff index estimate
y a A E R 51 (oercent)

V.25,2 64 0.70 -1.20 -- -- 52
V. 25 ,10 126 .84 -- -- -- 41
V.25.25 182 .88 -- -- -- 42
V. 25 •50 214 .93 -- -- -- 45
V.25.100 240 .97 -- -- -- 51
V.50,2 74 .77 -1.19 -- -- 51
V. 5O ,lO 142 .92 -- -- -- 40
V. 5O ,25 189 .96 -- -- -- 40
~.50,50 233 1.01 -- -- -- 45
v·50.100 271 1. 03 -- -- -- 49

.75.2 75 .79 -1.27 -- -- 52
V.75.10 168 .90 -- -- -- 36
V. 75 •25 198 1.05 -- -- -- 47
V. 75 ,50 225 LOg -- -- -- 50
V. 75 100 270 1.10 -- -- -- 52
Equations are defined by data from streams with drainage areas of 0.2 to 42
square miles. Data f~ 28 gaging stations were used to compute the equations.

PART B

xponent 0 .. n , aracter st " "tanoaru
Fl~ Regression Drainage Hean basin Hean Soils error of

characteristic constant: area elevation runoff index estimate
v a A E R 51 (percent)

VI 2 70 0.86 -- -- -- 42
Vl ' lO 157 .86 -- -- -- 30
Vl:25 228 .85 -- -- -- 33
Vi •50 296 .84 -- -- -- 39
Vl • lOO 362 .84 -- -- -- 42
'3 2 83 .94 -- -- -- 38
V3' 10 535 .96 -- -- -0.94 27
V3 :25 236 .95 -- -- -- 34
V3 ,50 296 .95 -- -- -- 40
V3 100 361 .95 -- -- -- 47
V7 :2 31 .97 -- .47 -- 34
V7 • 1O 713 .98 -- -- -1.00 29
V7 .25 314 .96 -- -- -- 39
V7.50 395 .95 -- -- -- 46
V7 iOO 493 .94 -- -- -- 55
Vi5.2 113 1.01 -- -- -- 47
V15 ,10 88 .99 -- .43 -- 31
Vi5.25 384 .97 -- -- -- 44
Vi5,50 483 .97 -- -- -- 50
V15 ,100 609 .96 -- -- -- 60
V3O ,2 34 1.0i -- .60 -- 34
V30 ,1O 96 1.0i -- .48 -- 31
V3O ,25 450 l.00 -- -- -- 43
V30,50 565 .99 -- -- -- 55
V30 100 696 .98 -- -- -- 66
Equations are defined by data from streams with drainage areas of 0.2 to 3,800
square miles. Data from 55 gaging stations were used to compute the equations.
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recurrence interval of 25 years. Also
shown in the table are the drainage
area sizes for which the equations are
applicable and the standard error of
estimate for each equation.

The flood-peak and flood-volume. equa
t-ions are applicable only to unregulated
streams with natural channels and in
s ignificant flow losses.

In many instances, stage-frequency in
formation is of vital importance in the
location of structures on or near the
floodplains of streams. Generalized
stage-frequency relationships axl equa
tions applicable to the Plateaus region
of Missouri have been developed by E.
E. Gann (written commun., 1974) from
gaging-station records. The curves
and equations, shown in figure 18, were
studied to determine their applicabIlity
to streams in the Springfield area.
Data from gaging stations in the area
were found to be well within the limlts
of accuracy defined by the standard er
ror for each of the equations. There
fore, the equations and curves may be
used to estimate flood-height frequency
in the Greene County area and should
be especially useful in planning flood
plain developments and solving common
engineering and landuse problems.

Surface Water

Note that these relationships are ap
plicable only to unregulated streams
with natural channels and insignificant
flow losses.

The following example illustrates the
use of figure 18. Assume that an esti
mate of the elevation of the 50-year
flood is needed for a site on a stream
draining 10 miles2 in eastern Greene
County.

step 1: Determine the elevation of zero
flow at the upper end of the first riffle
downstream from the site. The point of
zero flow will be the deepest point along
the riffle. Assume that the elevation of
this point is about 1,300 feet above mean
sea level.

step 2: Determine the flood height
graphically from figure 18 for a 10
mile 2 drainage area and a 50-year
flood to be 11 feet. The same value
may be obtained by using the appropri
ate equation shown on figure 18
(HSO:7.13 AO. 179 ).

Step 3: Add the elevation of point of
zero flow to flood height from figure 18
and obtain desired elevation of approx
imately 1,311 feet.

Ungaged Sites in Urban Basins

It is not possible to adjust rural stage
frequency relationships to urban con
ditions unless precise survey infonna-

tion is available on the location and
size of structures on the urban flood
plains.
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Figure 18

stage-frequency relations for streams in the Springfield
area, Missouri.

However, the changes caused by urban
ization in the peak discharge-frequency
relationships of table 12 can be estima
ted by using a method proposed by Gann
(1971). This highly generalized method
of estimating flood-peak discharge for
small t-S50 miles2) urban basins will be
useful to planners and engineers in the
Springfield area until more definitive
urban runoff data are available.

currence interval flo·od-peak (see tbl.
12 and fig. 15). These data can be
combined and used in the following
equation: Qx=R1R2P2,

where

Qx is the magnitude of a flood with
x-year recurrence interval, in foot3 Is,

To utilize this method, four pieces of
information are required: (a) the per
cent of impervious area. in the basin,
(b) the percent of area served by storm
sewers, (c) the area and slope of the
basin as defined in the section "Ungaged
Sites in Rural Basins", and (d) an esti
mate of the magnitude of the 2-year re-

R1 is the ratio of discharge after urban
ization to discharge before urbanization
for the 2-year flood, from figure 19,

R2 is the flood-frequency ratio from
figure 20, and

P2 is the magnitude of the 2-year flood
in foot3/s.
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NOTE: lIM dot__ lor a lOO-pooceftl
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Figure 19

Effect of urbanization on the 2-year flood.
(After Leopold, 1968)

The following example illustrates the
use of the procedures for urban basins.
Assume that the peak discharge for the
100-year flood is required for a small
basin in eastern Greene County where
the projected degree of development
will be 40-percent imperviousness in
the basin and 40 percent of the area
served by storm sewers.

step 1: From a topographic map of the
area, determine the drainage area and
basin slope. Assume that the drainage
area is found to be 10 miles2 and that
the slope is found to be 30 feet/mile.

Step 2: From the equation shown in
table 12 or the graphical solution of
figure 15, determine the 2-year flood

to be 53.5(10)0.851(10)-0.02 (30)0. 35~

1,160 feet3/s or graphically, 1,200
feet3/s.

Step 3: Using the projected degree of
development, enter figure 19 and select
the ratio Rl to be 2.5.

Step 4: Using the desired recurrence
interval and projected degree of imper-

viousness, enter figure 20 and select
the ratio R2 to be 3.4.

Step 5: Solution of the equatLon Qx=

R1R2P 2 is tbe final step. Q100=(2.5)

(3.4) (1,200)=10,200 feet3/s.

In using the preceding procedure for
estimating flood peaks for small urban
basins, the following limitations should
be considered. First, the urban flood
frequency relations are highly general
ized and can only provide a rough ap
proximation of the true frequency rela
tion for urban areas. second, the re
lationships are applicable only to basins
with drainage areas of 0.1 - 50 miles2•
Third, the relationships only apply for
complete developments; that is, they
should not be used where only a part of
the drainage area, such as the upper
half or lower half, is expected to be
developed.

For further background information and
basic assumptions used in developing
these relationships, the reader is re
ferred to Gaon (1971, p. 15-16).

85



WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

20010030 40 5020104 532

g;.~/
",S:/

""jI
V

/
V 'l-~

/ ,/
./

/ /
;(/ V

///'V
,/ 3(

/' .,/
V

~O

(Modified from V

~~
V

./'
V ~O

Gonn, 1971) V V
,,;..,.-

V -~
V -

V~~V~ ~-- PERCENT IMPERVIOUSNESS

/1#~vVI--

~~'"
1.00

1.5

2.00

a::.N4 .00

5.00

o
o

~
ll:
«
w
>-
~ 3.00

::'
o
~
ll:

RECURRENCE INTERVAL IN YEARS

Figure 20
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Surface Water

MEAN FWWS

One of the roost important character
istics to be evaluated In planning the
utilization of streamflow is the mean or
average flow of the stream. The mean
flow is the parameter most indicative
of the total potential water supply avail
able and is most important in defining
draft-storage requirements at a given
point on the stream.

Mean flows are defined from long-time
continuous records at streamgaging
stations. However, it is not feasible to
operate gaging stations at all sites for
which flow data may be required, so
mean-flow data from many stations are
generalized in terms of basin charac
teristics in order to provide estimates
at ungaged sites.

Figure 21 [s a graphical presentation of
a generalized equation for computation
of mean streamflows in the Springfield
area. The relationship was developed
by using data from 40 continuous-record
stations in the Ozarks region of Mis
souri. Note that data from stations in
the project area are plotted on the graph
to confirm its applicability to the range
of stream sizes in the area.

In some basins in the Springfield area,
the regionalization procedure of figure
21 will not give satisfactory results be
cause of excessive water losses to
cavernous limestone formation. Many
of the stream reaches where regional
ization procedures are not adequate be
cause of this condition are indicated in
the section on seepage-run information
and in figures 9 to 14.

In urbanized basins, the percentage of
impervious area is greatly increased,
and this in tum increases mean flows.
Note in figure 21 that data from urban
basins plot above the average regres
sion line in all cases. In studies
throughout the United States, it has been
shown that annual runoff can be in
creased two to three times by signifi
cant urbanization (Miller and others"
1974; Crippen and Waananen, 19{)9).
However, until more comprehensive
urban runoff data are available, specif
ic recommendations cannot be made for
adjusting data from figure 21 for urban
ization effects in the Springfield area.

DRAFT-STORAGE REQUIREMENTS

When surface-water sLt)plies larger than
those provided by unregulated stream
flow are required, storage reservoirs

are needed. Water can then be stored
during periods of excessive runoff for
later use.
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NOTE:
In losing basins or stream
reaches (see figs. 9 to 14),
the standard error could be
considerably greater than
29 percent. This graph should
not be used to estimate
mean flows in these areas.
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Method of estimating mean flow for ungaged streams
in the Springfield area. Missouri.
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Extensive analyses of storage require
ments were not attempted during the
study of hydrologIc characteristics of
streams ib the Greene COl,lDty area.
However, station data and regional
draft-storage relationships from state
wide within-year and carryover storage
analyses (S<.elton, 1968 and 1971) were
checked and found applicable to streams
In the project area. It Is recommended
that the procedures shown in those re
ports be used when storage problems
are encountered.

The user must remain aware that cali
tion has to be exercised when using

Silrface Water

regionalization procedures in cavernous
limestone such as that in the SprIngfield
area. Many streams or reaches where
flow is lost or deficient have been de
lineated in figures 9 to 14, but others
may exist. Thorough hydrologic and
geologic site studies must be made
prior to construction to avoid gross
underestimation of storage requ ire
ments and excessive seepage. losses.

For the readers' convenience, draft
storage data at contlnuous- and partial
record stations in the Springfield area
are shown in table 14.

QUALITY OF SURFACE WATER

water-quality data have been collected
from two sites on the James River and
one sIte on Finley Creek (pl. 1, map
nos. 145,174, and 204) since August
1967. These data were published in the
annual rep:>rt serIes entitled, I~Vater

Resources Data for Missouri" (U. S.
Geel. Survey, 1968-1975). A summary
of the total dissolved-solids concentra
tion of water samples collected from
these sites between october 1967 and
November 1974 is given in table 15.

A graphical comparison of analyses of
water from these three sites (fig. 22)

shows the similarity of water from the
James River (map no. 145) and Finley
Creek (map no. 204). The diagram for
the James River near Boaz shows the
effect of sewage effluent and urban run
of! from the Wilson Creek basin. Water
in this part a! the James River and
Finley Creek is of the calcium bicar
bonate type reflecting the limestone
terrane through which both streams
flow. A comparison of figure 22 with
figure 7 will show the similarity of the
surface water to water from the minor
aquifer.
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~i;
Table 14 '"~~

"''''
DRAFT-STORAGE DATA FOR CONTINUOUS- AND PARTIAL-RECORD STATIONS ~'"

~c::
'" "e0

,.~Average
Map Record Drainage annual aChance of Amount of storage (in thousands of acre-feet) for "'''

number Station name u8ed in ar2a runoff deficiency draft rate (in ft3/s) indicated in column headings ~c::
(pl.l) and number analys18 (mi ) (in) (percent) (not corrected for reservoir evaporation, .edimen- ",,,,

tation, and .eepage) p~

36 Sac River at A.h Grove (b) (0) 11.0 13 ft3/8 26 ft3/. 52 ft3/. 65 ft3/. 90 ft3/.
e...

(06918420) 2 , 16 51 78 230 g
5 4 , 32 52 159 :<10 3 , 21 43 124

46 Clear Ct'eek near (b) (0) 11.0 ft3/s ft3/. 3
ft31s ft3/.5 10 20 ft I. 30 35

Phenix 2 3 , 19 47 "(06918430) 5 2 4 12 38 61
10 1 3 8 27 47

130 Jamel Rivet' near 1956-74 246 12.0 SO ft3/1 75 ft3/1 125 ft3/. 170 ft 3/s 195 ft3/1
Springfield 2 38 66 190 424
(07050700) 5 15 33 130 320 540

10 11 22 100 250 400

144 James River belOlol (b) (0 ) 12.0 66 ft3/. " ft3 /a 164 ft3/1 195 ft3/1 230 ft3/a
Battlefield 2 SO 87 245 360 540
(07051500) 5 24 45 172 290 420

10 15 30 128 210 330

203 Finley Creek near (b) (0) 13.0 44 ft3/a 66
3

ft31s
3

ft3/.ft I. 110 154 ft I. 176
Ozark 2 30 " lSO 325
(07052300) 5 14 28 110 250 400

10 , 16 82 200 310

aPercent of yearl in \;'hich a Itorage relervoir of indicated capacity would becOllle empty.

bCarryover storage requirements for this partial-record lite \;,ere computed from regional curves. Within-year storage
requirements are shown in Wlter Resources Report No. 22.

CRough drainage ar-ea <± 10 percent) 18 available but oot shown. A subsequent report will contain planLmetered drainage
area data for the state.



Partial-chemical analyses of water
from streams and springs measured
during a low-flow period are listed in ta
ble 16. These data show the relation of
rock type in which the stream is in
cised. to the quality of water in the
stream. For example, the sample
from Pomme de Terre River (tbl. 16,
map no. 80) is a calcium-magnesium
bicarbonate type oC water reflecting the
underlylng dolomite bedrock upstream
from that site. Analyses Crom the up-

Surface Water

per ends of the James River (tbl. 16,
map no. 96) and Finley Creek (tbl. 16,
map no. 193) show a mixed-type of wa
ter because even though the streams at
those polnts are underlain by dolomite
they also receive much water [rom
tributary streams and springs that are
underlain by Hmestone. Further down
stream both streams flow on limestone;
this is reflected in the chemical com
position oC the water (fig. 22).

Table 15

SUMMARY OF TOTAL DISSOLVED-SOLIDS CONCENTRATION FOR
THE JAMES RIVER AND FINLEY CREEK

(Results in rolll igrams per liter)

Number oC
Site Map No. samples Maximum Minimum Mean

James River 145 83 232 130 191

James HIvel' 174 84 387 141 240

Finley Creek 204 84 228 138 182
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MIWEQUIVALENTS PER LITER
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DATE: AUG. 8, 1974

Comparison of chemical analyses of water from the
James River and Finley Creek.
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CONTAMINATION OF THE WATER RESOURCE

EFFECTS OF URBAN RUNOFF ON WATER QUALITY

water-quality monitors were installed
in cooperation with the City of Spring
field, on Wilson Creek near Spring
field, near Battlefield, and on the
James River near Boaz during the fall
of 1972 (pI. I). Table 17 aod figure 23,
prepared by James H. Barks (written
commun •• 1974), summarize some of
the more pertinent data collected at
these sites.

Table 17 shows the values for tempera
ture. speclflc conductance, dissolved
oxygen, and pH that were observed at
the stations, all of which are affected
to some extent by urbanization. The
upstream station on Wilson Creek is
affected by runoff from the City of
Springfield; the downstream station
near Battlefield is additionally affected
by effluent from the Southwest sewage
Treatment Plant. At the Boaz station
on the James River, the runoff from the
city can seriously affect the dissolved
oxygen content of the water, as shown
in figure 23.
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A study of hydrologic conditions prior
to June 4, 1974, shows that the rise
depicted in figure 23 marked the first
runoff of any consequence for several
weeks. Also, it is evident from figure
23 that runoff from Wilson Creek basin
was responsible for the small rise on
the James River on June 5, 1974, be
cause any concurrent headwater flood
ing in the James River would have
caused much greater peaks at the Boaz
station. The fact that dissolved oxygen
declined from 4.2 to 2. 8 mg/l in the
James River during these small rises
shows that this particular volume of
urban runoff was of poor quality. This
is substantiated by similar significant
drops in dissolved oxygen at the Wilson
Creek stations.

On the other hand, the runoff in the ba
sins from a much greater rise on June
7 did not cause reductions in dissolved
oxygen because the June 4 rise had
nushed the urban areas and stream
channel, thus assuring improved Qual
ity of any storm runoff in the immediate
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Wilson Creek near Springfield, Mo.
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Wilson Creek near Battlefield, Mo. (below sewage treatment plant)
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Table 17

SUMMARY OF DATA COLLECTED AT WATER-QUALITY STATIONS

Map Number 147 (pl. 1, tbl. 7)
07052100 Wilson Creek near Springfield, Missouri, upstream from sewage plant

Period of record - October 1972 to June 1974

Percent
Parameter Usable Record Maximum Minimum

Temperature 89 28.0 0.0
Specific conductance 85 1,160 90
Dissolved oxygen 77 19.4 0.0
pH 61 9.2 7.0

Map Number 151 (pl. I, tbl. 7)
07052160 Wilson Creek near Battlefield, Missouri, downstream from sewage plant

Period of record - October 1972 to June 1974

Percent
Parameter Usable Record Maximum Minimum

Temperature 87 25.5 7.5
Specific conductance 87 904 112
Dissolved oxygen 81 11.3 0.0
pH 71 8.4 6.5

Map Number 174 (pl. I, tbl. 7)
07052250 James River near Boaz, Missouri
Period of record - October 1972 to June 1974

Percent
Parameter Usable Record Maximum Minimum

Temperature 74 28.5 2.0
Specific conductance 71 795 120
Dissolved oxygen1 60 12.4 2.4
pH 71 8.5 6.8

1
Dissolved oxygen recorder inoperaUve during July and August 1973.
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future. Examination of all data collec
ted at the three sites shows that the in
itial flush of storm runoff following
several weeks of stable conditions in
variably produced similar results.

The implication of these data for water
management practi.ces is significant.
These data tend to substantiate re
search by Shaeffer and Zeizel (1966.
p. 73 and fig. 31) that showed. at least

Contamination of Water Resource

for some streams. that only the initial
flush of a flood is polluted. In the up
per reaches of Wilson Creek, upstream
from the sewage treatment plant, the
water could be stored for later bene
ficial use after the first few hours of
flooding. Downstream from the treat
ment plant. however. this would not be
feasible because of sludge accumulation
in the stream bottom and the possibility
of untreated sewage bypassing the treat
ment plant during storms.

POTENTIAL FOR GROUNDWATER CONTAMINATION

Over the years health officials in
Greene County have compiled results of
thousands of bacteriological tests of
water from private wells in the area.
These records were made available to
the authors, and records beginning in
1969 were used during the course of
this study. The locations of wells
showing questionable or "unsafe" bac
teriological water-quality analyses for
the time period (1969-75) were plotted
on a map of Greene County.

Any clustering of poLnts in a restricted
geographical area was noted for further
study. Water samples were collected
on May 20. May 21, and June 25, 1975,
Ln four areas where clustering of un
safe bacteriological samples had been
noted. The water samples collected
were analyzed for chemical properties

that would Lndicate pollution, and the
depth, amount of casing, and aquifer
unit of each well were noted (tbl. 5).
The chemical constituents used for th is
evaluation included chloride, phosphor
us, nitrogen, bicarbonate, calcium, and
magnesium. The last three were used
as indicators of the rock type from
which each water sample came. Most
of the wells sampled were private, do
mestic wells. A few were relatively
low-yield, industrial wells and one was
a public water-supply well. Depths of
the wells ranged from 32 feet to 600
feet, with cas ing depths ranging from 0
to 370 feet. These wells were com
pleted Ln geologic horizons ranging
from the Roubidoux Formation, of Or
dovician age, to the Burlington Lime
stone, of Mississippian age.
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Table 5 shows the water quality for
the samples from the four "cluster"
areas. Of the 33 wells sampled in the
May-June 1975 period. water from 2
wells contained nitrate nitrogen in ex
cess of 10 mg/!. It has been stated
(Brown and others, 1970, p. 119) that,
"Cyanosis due to methemoglobinemia
may occur in infants whose drinking of
formula water contains a high concen
tration of nitrates. The nitrates. when
ingested, are converted to nitrites in
the digestive system of some infants.
The nitrite ion oxidizes hemoglobin to
methemoglobin, and thereby causes
cyanosis". Consequently, it has been
recommended that water containing
more than 10 mg/1 nitrate nitrogen
should not be used in infant feeding
(Comly, 1945). Table 5 also shows the
water quality for samples collected
from wells during February-March
1974. Water from one of those wells
bad a nitrate nitrogen concentration in
excess of 10 mg/l.

SOme wells in the Springfield area have
been contaminated with gasoline, fuel oil,
and other objectionable flUids (oral
commun. • Joseph Harmon, Greene
County Public Health Office, 1973). In
most cases, these pollutants did not
travel far from the point of origin be
fore entering individual water-supply
wells. In almost every instance, the
contaminated wells were poorly con
structed or had insufficient casing.

A dramatic instance of groundwater
contamination occurred on October 29,
1968, when the bottom of the waste
stabilization lagoon at Republic, Mo.
collapsed into a sinkhole-cave conduit
system. All of the material in this 4.9
acre lagoon drained into the shallow
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groundwater horizons. several springs
and wells, down gradient (southeast) of
the lagoon, received effluent from the
collapsed structure. A dye-trace test
conducted by the Engineering Geology
Section of the Missouri Division of Ge
ology and Land Survey on March 5,
1969, showed dye in private wells
southeast of the collapse area.

Another well, nOl1:hwest of Republic,
just downstream from another operating
lagoon, showed traces of dye from an
other dye-trace test conducted on Jan
uary 29, 1970. Dye was introduced into
the effluent overflow of Republic's
Northwest Sewage Lagoon by the Mis
souri Division of Geology and Land
Survey. and was subsequently recovered
from the well. The well was completed
at a depth of 304 feet in the Jefferson
City Dolomite and 300 feet of casing
was set. The casing was not grouted
or sealed to prevent shallow ground
water from the Burlington Limestone
from flowing down the outside of the
casing into the deeper groundwater
zones.

It is apparent from data gathered during
the well-inventory and well-sampling
phases of this investigation, and from
discussions with Greene COlUlty Public
Health Office (oral comm., Joseph
Harmon, 1973), that improperly con
structed and improperly cased wells
penetrating the deeper aquifer zones
create a hazard to the water system
which cannot be ignored. This, coupled
with the fact that water leaking from
the minor aquifer and moving downward
through the Northview Formation, may
pollute the major aquifer if measures
are not adopted to protect it.



WATER USE

PRESENT USE

Water Use

Estimates of water use in the study
area are shown in table 18. The 15.4
Mgal!d of surface water shown for the
public water-supply category is the re
ported average daily consumption for
the City of Springfield (1973). Although
shown llIXler the surface-water category,
a large portion of Springfield's supply
comes from Fulbright Spring--as much
as 60 percent at times. The city also
has deep wells which served as an aux
iliary supply in the past, but which will
no doubt be used as the demand for wa
ter grows.

In addition, the city has acquired three
deep wells, two of which served the
Park Crest area and one served the
Orchard Crest area. These wells will

also be used as part of the municipal
supply. The 1.3 Mgal day of ground
water for public supply is pumped from
the major aquifer by the towns of Nixa,
Republic, Ozark, Willard, Rogersville,
Strafford, Clever, Sparta, and by Public
Water Supply District 1 (Battlefield).
Also included under the public water
supply category are subdivisions and
trailer parks that have their own water
supplies. Rural domestic use was esti
mated from census figures and a per
capita daily use of 50 gallons. self
supplied industrial use is determined
from figures supplled by plant man
agers and, in some instances, esti
mated from pump capacities am lengths
of operation.

SPRINGFIELD'S PRESENT (1976) WATER SUPPLY

How dependable is the present (1976)
water supply of ~ringfield? Is prompt
expans ion urgently needed to· forestall
water shortages during severe droughts

or can the city proceed deliberately and
carefully in developing additional sup
plies to provide for future growth?
These and related questions prompted
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Table 18

WATER USE IN THE SPRINGFIELD AREA

Source and Amounts
(mgd)

Use SUrface Water Ground Water

Public water supply *15.4 **1.3

Rural domestic use ---- hl.3

self-supplied industrial ---- 5.4

Total 15.4 8.0

*Division of Environmental Quality, 1974, Census of public water supplies
in Missouri, 1973: Missouri Department of Natural Resources.

**Estimated

d. Surface area of lakes when full
equals 1,120 acres.

c. Average annual lake evaporaUon
equals 42 inches.

e. 42 in/yrXl.120 acres XO.326
12 in/ft

million gal = 1. 28Xl09 gal/yr.
acre-ft

9.9Xl09 gal

1.4Xl09 gal
8. 5Xl09 gal

Total =

b. storage capacity of lakes (excludJng
storage allocated to siltation and con
servation):

McDaniel
Fellows

the authors to compute the amount of
water currently in storage in surface
water reservoirs and to analyze the de
pendablUty (yIeld) of the exlstlng city
water supply during a hypothetical.
multi-year drought.

First, using information from Burns
and McDonnell (1971),' a computation
was made to determine the time that
would be needed at current usage rates
to deplete the amount of water in stor
age in McDaniel and Fellows Lakes;
assuming DO rainfall, full reservoirs at
the beginning of the computation period,
and average evaporation· rates from a
full lake wIth constant surface area:

a. Daily water use (1976) is estimated
by City Utllltles to be 15 Mgal/d.

f. 1. 28Xl09 gal/yr=3.5 Mgal/d
365 d/yr evap. loss.
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g. Daily use plus evaporation loss:::::
15 Mgal/d+3. 5 Mgal/d~18. 5 Mgal/d.

h. 9. 9Xl09 gal~O. 535X103~535 days ~

18.5Xl06 gal/d
1. 5 years to deplete storage in Mc
Daniel and Fellows Lakes.

These estimates are quite conservative
because of the limiting assumptions of
no rainfall during the period and con
stant (rather than shrinking) surface
area for evaporation estimates. To
illustrate the conservative nature of
the estimates, the longest dry period
(0.2 inch or less in any day) experienced
at Springfield since precipitation rec
ords began was 63 days during the sum
mer of 1953 (Decker, 1958). 'This repre
sents only 12 percent of the 535-day
dry per iod shown in step h

Regional draft-storage curves (Skelton,
1971, p. 7) were utilized to estimate

maximum draft rates from existing
surface-storage reservo irs (Fellows
and McDaniel Lakes) during a severe
multi-year drought. The reported ca
pacity of nine deep wells that are part
of the Springfield water system as well
as the estimated low flow of Fulbright
Spring were also included in the anal
ysis. Table 19 summarizes the compu
tations and shows that present (1976)
municipal water usage including evap
oration (about 18 MgaI/d) could be
sustained during severe drought con
ditions with no additional sources re
quired.

However. water needs are increasing
each year in the area; in table 20 it can
be seen that by the year 1985 water use
in the City of Springfield is estimated
to be 24.2 MgaI/d. This could pose a
serious water-supply problem during
times of severe drought if additional
supplies are not provided.

Water Use

Alternative Supplies

It is not the intent of this study to advo
cate any particular course of action
that the City of Springfield should follow
to obtain additional water supplies. Its
purpose is to mention possible alter
natives which should be considered.

As stated, the City of Springfield's
estimated dependable supply may be

exceeded by the year 1985, in which
case an additional water supply would
need to be provided. One alternative
supply is the County Line Lake pro
posed by the U. S. Army Corps of Engi
neers. The lake would be formed by
impounding the James River in the vi
cinity of the Webster-Greene County
line. The County Line Lake would take
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Table 19

DEPENDABILITY OF WATER SUPPLY FROM McDANIEL AND FELWWS LAKES,
WELLS, AND FULBRIGHT SPRING-2% CHANCE OF DEFICIENCY

1. Carryover atorage analysLs (methodology fra. Skelton. 1971)

a o Drainage area contributing to lakes _ 39.1 mil

b. Haxbaum. surface area of lakes. 300 + 820 • 1,120 acres

c. Full-pool storage capacity of lake. (excluding storage allocated to

siltatioo and ccaservatlon) - 8.5 X 109 + 1.4 X 109 • 9.9 X 109 gal •

30,380 acre-ft ~ 777 acre-ftfai l

d. Evaporation loss - 1,120 acres

275 acre-ft/ai

X 42
12

,.
1n/ft

X 0.75 • 2,940 acre-ft -

e. Storage capacity minus evaporation 10••• 777 - 75 • 702 acre-ft/mi2

f. Runoff - 11.5 10/yr

g. Maximum draft available (Skelton, 1971,

3
22.3 ft / •• 14.4 Kgal/d fro. lakes

3 2
Hg. 3, p. 7) • 0.57 ft Is/mi •

2. Deep well production:

No. 1

No's. 4·-8

No's. 10-12

Total

3. Fulbright Spring:

Estimate 0.5 Hgalld minimum flow

4. Capacity of present system:

14.4 + 6.2 +- 0.5 - 21.1 Kgal/d

1.0 Mgalfd

2.5 Hgel/d

2.7 Hgal/d

6.2 Hgalfd

Conclusion: During a severe • .ulti-year drought, a vater supply of 21 Kgalld

could be obtained frolll existing sources with only a 2%. chance of deficiency.

1I"2%. chance of deficiency" indicates that, on the average, the city water supply

will be inadequate to sustain the indicated draft of 21.l Hgal/d in 2 percent

of the yean (that is, 1 year in 50), and the reservoirs ..y becOllle empty.
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Table 20

PROJECTED WATER DEMANDS, CITY OF SPRINGFIELD
(from Burns & McDonnell, 1971)

Year Average Day
(Mga!/d)

1977 18.3
1980 19.9
1985 24.2
1990 28.5
1995 32.8
2000 37.1
2010 45.7
2020 54.3
2030 62.9

Water Use

care of Springfield's water needs well
past the year 2030's projected use of
62.9 Mga!/d (58 MgaI/d from County
Line Lake. plus 21 Mgal/d from exist
ing sources = 79 Mgal/d). Some of the
arguments for and against the lake have
been reoorded in the "County Line Lake
Missouri Draft Environmental State
mentl! (U. S. Army Corps of Engineers,
July 1973). In this same report several
other alternatives are mentioned such
as importing water from stockton Lake,
and using ground water. However. the
consequences of further development of
the groundwater supply were not evalu
ated in the environmental impact state
ment.

An alternative apparently not consid
ered is the possibility of artificially
recharging the major aqulIer when
there [s a surplus of surface water, and

withdrawing water from tbe well wben
surface water (s deficient. To deter
mine wbether artificial recbarge would
be possible m thIs area would require
considerable study. A successful ex
perl..ment in artificial recbarge in whicb
treated water was mjected into a fis
sured carbonate rock aquifer overlymg
a sandstone aquifer in west St. Paul,
Minn., was reported by Reeder and
others (1976).

Another possible alternative migbt be
utilization of some of tbe springs m the
area. If sprmgs were used it would, of
course, be necessary to treat tbe wa
ter. ·Conjunctive use could be prac
Uced as the City Utility does at Ful
bright Spring. Water from the springs
could be supplemented with water from
deep wells when springflow was de
ficient. It might even be possible to
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use treated spring water to artificially
recharge the major aquifer.

Conjunctive use of surface and ground
water could also be practiced by with-

drawing water directly from the James
River without benefit of impoundment
and using a groundwater source during
per iods of drought. The surface water
would have to be treated.

CONSEQUENCES OF DEVELOPING AN ADDITIONAL
GROUNDWATER SUPPLY FROM THE MAJOR AQUIFER

It is probable that the amount of water
withdrawn from the major aquifer will
increase with time. Increased with
drawals from the major aquifer will of
course be accompanied by a lowering of
the potentiometric surface. Some of
the problems that accompany lowering
of the potentiometric surface are:

a. Increased pumping costs due to
greater lifts.

b. Possible need to lower pumps within
wells or even to deepen wells as might
be the case with many domestic wells.
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c. Possibility of inducing the flow of
jX)orer qualIty water in areas where
overlying aquifers may become con
taminated.

The amount the potentiometric surface
is lowered depends upon the amount of
water withdrawn and on the hydrologic
properties of the aquifer. Consequent
ly I a digital simulation model was used
to predict the effect that increased. with
drawals from the major aquifer would
have on the potentiometric surface of
the major aquifer. Data collected dur
ing the course of this study furnIshed
the input for the model.



Developing The Mojor AquIfer

SPRINGFIELD AQUIFER MODEL

A digital simulation model was used to
predict the effect of increased pumpage
from the deep aquifer on the potentio
metric surface. The mathematical
techniques and program used. for the
Springfield aquifer model are essen
tially the same as described by Pinder
and Bredehoeft (1968). The area mod
eled includes all of Greene County, the
northern one-third of Christian County,
the western one-hali of Webster County,
and parts of other counties. The area
Is approximately 35 miles wide and 40
mIles long. In the SpringfIeld aquifer
model, the nodes, or solution points,
are concentrated In the metropolitan
area where the nodes are spaced every
one-hall mile. The space between
nodes Increases away from the metro
politan area. In all, there are about
1,800 nodes in the model.

Both constant head arxl zero flow bound
ary condItions were used in various
simulations. However, because of the
rapid growth of the c.one of depression,
neither of these boundary conditions
appeared appropriate. Specified gra
dient boundaries were oot attempted. be
cause the change of the gradient of the
potentiometric surface over time could
not be predicted. Finally, a buffer zone
approximately 200 miles wide was
placed around the model and zero flow
boundaries were assumed beyond the
buffer zone. The aquifer properties in
the buffer zone were assumed to be the
same as the aquifer properties near the

edge of the area modeled. Prior to the
addition of this buffer zone, the results
of a model simulation were unduly in
fluenced by the choIce of boundary con
ditions. However. after addition of the
buffer zone. the choice of boundary
conditions had no appreciable effect on
the model results. The buffer zone is
physically reasonable because the
water-bearing formations extend a long
distance in every direction.

The model was cal ibrated by program
ming change in pumpage and calculating
the resulting change in water levels.
The calculated change in water levels
was compared with the observed change
in water levels at selected sites.

The aquifer system in the Springfleld
area rapidly readjusts to any change in
stress and a new equilibrium is soon
established. Water levels can be ex
pected to decline rapidly in response to
additional pumpage, but after a few
years these declines will no longer be
significant (fig. 24). Because of this
rapid response by the system, the exact
history of pumping in the area did not
need to be programmed into the model.
Only the present figure for pumpage
from the major aquifer was program
med (10. 5 feet3/s). This does not include
the estimated rural domestic pumpage
shown in table 18. Althougb this pump
age was assumed to have occurred con
tinuously for the past 50 years, nearly
identlcal results would have been ob-

107



WATER RESOURCES & GEOLOGY,
SPRINGFIELD AREA, MO.

0

'0

.0

'0

'0

'00

"0
0-
W
W
~

;:: 140

Z
~
0
0160

~
~
0

,"0

'00

""
"0

"0

""
'00 , '0 " 20 Z5 30

TIME IN YEARS

Figure 24

LEGEND
o Orowdo_ Compullc!

in ,... _icinlty 01
Iiwy 65 ond H.,. 0

&. O,,,.IIo.n computed
in the _iOnll, or
H.y 60 "nd H.y FF

8 o..".<Io.n c"""",ted
in ,he vicinity ,,'
H.... 1·44 "nc! H., 13

.0

Computed hydrographs at selected points showing the relation between drawdown
and time due to an additional 10 Mgal/d withdrawal from the major aquifer.

108



tained if the pumpage were as Burned to
have occurred for only the last 5 years.

The transmissivity of the major aquifer
is estimated to be 670 feet2/d (as dis
cussed previously in the section on
"Aquifer Characteristics") and the
storage coefficient is assumed to be
equal to 0.0001, based on aquifer-test
results. The thickness of the North
view Formation, which is assumed to
be the dominant confining bed separat
ing the major and minor aquifers, was
determined from lithologic logs. The
major parameter that was to be deter
mined through model calibration was
the vertical permeability of the North
view Formation.

The initial estimate for vertical perme
ability of the Northview Formation was
7.7X10-11 feet per second. This esti
mate was based on a value published by
Walton (l960) for the yertical perme-

Developing The Major Aquifer

ability of the Maquoketa Formation in
northeastern Illinois. This formation
is lithologically similar to the North
view Formation in the Springfield area.
However, using this value of vertical
permeability the calculated shape of the
cone of depression is both too extensive
and too deep. After several simula
tions, a new estimate of vertical per
meability of 1.0XlO-9 feet per second
was made. Using this value of vertical
permeability in a 50-year simulation,
changes of approximately 150 feet were
computed over the Springfield metro
politan area. In a few areas changes in
excess of 200 feet were predicted. In
this simulation the central part of the
cone does not change appreciably after
the first 5 years.

A comparison of observed water-level
changes with computed changes at se
lected points where historical water
level data are available is given below:

Map Number
(pl. 3)

38
39
45
49
52
70
84

Observed Change
(feet)

120
100
200
180
170
199
179

Computed Change
(feet)

190
150
183
196
190
203
192

The calibrated model was used to pre
dict the effect of an additional with
drawal of 10 Mgal/d from existing wells
in the Springfield area (fig. 25). The
primary point of additional withdrawal
was near McDaniel Lake, north of

Springfield. The simulation was made
for a 50-year period, but almost all of
the water-level declines took place
during the first 5 years of simulation.
At the end of 50 years there was one
node that declined 400 feet near Mc-
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of hypothetical pumping of an additional 10 Mgal/d.
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Daniel Lake. About a dozen nodes ex
perienced declines in excess of 300
feet, with a 200-foot decline area being
quite large, north of Springfield. South
of Springfield, there were two smaller
areas that experienced a 200-foot de
cline. The lOO-foot decline contour
covered most of the Springfield area
and much of the area northwest of
Springfield.

As mentioned previously, the assump
tion was made that additional pumpage
would not induce additional recharge to
the major aquifer in the area where the
major aquifer crops out. This assum
ption allowed the cone of depression
to expand toward the outcrop area of

the major aquifer in the northeastern
part of the modeled area. In the buffer
zone to the northeast of the modeled
area, there are perennial streams
which could conceivably be affected by
additional withdrawal from the major
aquifer. If these streams are affected,
one of the assumptions of the model is
violated and the projected water-level
declines in the northeastern part of the
area would be overestimated.

As can be seen from the foregoing ex
planation, the Springfield aquifer model
is a very simplified approximation of
the real system. To refine the model,
it will be necessary to collect and ana
lyze large amounts of additional hydro
logic data.

Concfusions

CONC LUSIONS

The major aquifer in the Springfield
area consists of over 1,000 feet of
dolomite of Cambrian-Ordovician age.
In much of the area this dolomite is
overlain by as much as 300 feet of
limestone (minor aquifer) of Mississip
pian age. At the base of the minor
aquifer, the Northview Formation (a
dolomitic slltstone, shale, and silty

dolomite from 5 to 80 feet thick) acts
as the upper confining layer for the
major aquifer.

Differences in head favor the downward
movement of water from the minor
aquifer through the Northview Forma
tion and into the major aquifer. The
elevated Ca/Mg ratio of water from the
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major aquifer also supports the idea of
water moving down through the North
view Formation. Water from the minor
(limestone) aquifer generally has a
Ca/Mg ratio of greater than 5 to l.
Water from a dolomite aquifer should
normally have a Ca/Mg ratio of aoout
1 to 1. In the Springfield area, how
ever, the major (dolomite) aquifer has
a Ca/Mg ratio of as high as 3 to 1, in
dicating a mixed water.

Individual wells in the major aquifer
which are open to the stratigraphic se
quence of Cotter Dolomite to Potosi
Dolomite have yielded as much as
2,500 gallons per minute of good quaHty
water with about 180 feet of drawdown
in a 56-bour continuous pumping test.
However, tests of short duration, be
cause of tbeir small sampling area and
the lnbomogeneity of the aquifer t do
not reflect regional conditions. For
example, using the closed-eontour
method of Lohman (1972) it was deter
mined that the regional transmissivity
of the major aquifer is about 670 fee~

per day (5,000 gpd/lt).

Analysis of a digital model of the major
aquifer indicates that additional water
can be withdrawn from the aquifer.
However, tb is will result in the ad
ditional lowering of the JX)tentiometric
surface. The severity of the lowering
wlll depend on the amount of additional
water to be withdrawn and also on the
spacing of the wells. From the model
study it was learned that withdrawal of
an additional 10 Mgal/d from existing
wells could result 10 a decline of the
poteot1ometric surface of as much as
400 feet near the primary JX)int of with
drawal.
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A lowered JX)tentiometric surface would
result in increased pumping costs for
wells within the affected area. A low
ered potentiometric surface would also
result in a need for lowering pumps
within wells or even the need for drll
ling deeper wells.

The pervious nature of the karst ter
rane creates a potential for groundwa
ter contamination. Because of tbis it
is imJX)rtant that wells be properly
cased and grouted to prevent surface
contaminants from entering the aqui
fers. It 1s also extremely imJX)rtant to
take Into account the bedrock geology,
soil conditions, and topography when
determining the suitability of a site for
a lagoon, landfill, artLficial lake, or
septic tank. Equally important could
be consideration of the locations of
losing reaches of streams.

Seepage runs made during the winter
and spring on several streams in the
area were instrumental in locatlng
areas where streams lose water to
bedrock. These stl'eams (Pearson,
Pickerel, and Terrell) sometimes have
dry reaches during the summer and fall
months. By making seepage runs dur
i.ng the wlnter and spring when there
was continuous fiow, it was not only
JX)ssible to define the stream reaches
where there were losses but, because
of tbe saturated conditions. to prove
conclusively that losses were to under
lying bedrock and not just to alluvial
flll.

Analyses of data collected at water
quaHty monitoring sites on Wilson
Creek and James River showed tbat the
quality of the lnittal flusb of storm run-



off following several weeks of stable
weather conditions was poor. However,
the quality of storm runoff improved
dramatically after the first few hours
of flooding. Upstream from tOO sewage
treatment plant on Wilson Creek, storm
runoff could be successfully stored for
later use after a few bours of flooding.
Computations of maximum draft rates
from existing surface-storage reser-
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Appendix 1

DE FINITIONS OF TE RMS

Aquifer - A formation, group of forma
tions or part of a formation that con
tains sufficient saturated permeable
material to yield significant quan
tities of water to wells and springs.

Artesian Water - Ground water under
sufficient pressure to rise above the
level at which the water-bearing bed
Is reached in a well. Ground water
under artesian pressure is also
called confined water.
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Base Flow - Sustained or fair-weather
flow.

Confining Bed - A body of relatively
impermeable material stratigraph
ically adjacent to one or more aq
uifers.

Continuous-Record Station - A site on a
stream where continuous records of
discharge are obtained.



Cubic Feet Per Second (ft3/s)-The unit
expressing rate of discharge. One
foot3/s is the rate of discharge of a
stream having a cross-sectional
area of 1 square foot (ft2) and an
average velocity of 1 foot per second.

1 ft3Is ;;= 7.48 U. S. gallons per sec
ond (gal/s)

= 449 U. S. gallons per min
ute (gal/min)

= 0.646 million of U. S. gal
lons per day (gal/d)

DolomIte - A term applied to rocks that
approximate the mineral dolomite
(CaMg [C0

3
] 2) in composition.

Evapotranspiration - The movement of
water into the atmosphere by the
combined processes of direct evapo
ration and transpiration by plants.

Fault - A fracture or fracture zone in
rocks along which there has been
displacement of the two sides rela
tive to one another. in the plane of
the fracture.

Graben - A long narrow depressed area
bounded by faults.

Hydrology - The science that relates to
the water of the earth.

Interrupted stream - A stream which
contains alternating reaches that are
either perennial. intermittent. or
ephemeral.

Low Flow - The portion of stream dis
charge that is derived primarily
from ground-water outflow.

Partial-Record Station - A site on a
stream where occasional discharge
measurements have been collected
over a period of years.

Perennial Stream - A stream that flows
continuously throughout its reach.

Permeability - A measure of the rela
tive ease with which a porous medi
um can transmit a liquid under a po
tential gradient.

Potentiometric surface - A surface
which represents the static head.
As related to an aquifer it is defined
by the levels to wh ich water will rise
In tightly cased wells.

Recharge - The addition of water to the
zone of saturation. Infiltration of
precipitation is a form of natural
recharge.

Recurrence Interval - The average in
terval of time within which a given
event will be exceeded once. Recur
rence intervals are averages and do
not imply regularity of occurrence;
an event of 50-year recurrence in
terval might be exceeded in consec
utive years or it might not be ex
ceeded in a lOO-year period. In oth
er words. a 50-year drought or
flood has a 2-percent chance of oc
currence in any year.

Seepage Run - A series of discharge
measurements made in a short time
identify stream reaches where gains
or losses in flow occur.
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7-Day Q2 - The annual minimum av
erage discharge for 7 consecutive
days that will occur on an average of
once in 2 years. This is an index to
the low-flow potential of a stream
and can be used as a guide in com
paring one stream to another.

Soil Infiltration Index - This value is
the maximum potential difference,
in inches, between storm rainfall
and storm runoff. It is dependent on
soil-water storage and infiltration
rates of a watershed.

Specific Capacity - The rate of dis
charge of water from a well divided
by the drawdown of water level in
the well. If a well yields 500 gpm
(gallons per minute) with a drawdown
of 25 feet, its specific capacity is
500/25 or 20 gpm per foot of draw
down.

Specific Conductance - A measure of
the capacity of water to conduct a
current of electricity, expressed in
micromlns per centimeter (umbos/cm)
at 250 C (degrees Celsius). Conduc
tance varies with the quantities of
dissolved mineral constituents and
with the degree of ionization of the
constituents as well as with the tem
perature of the water. It is useful
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in indicating the approximate con
centration of mineral matter in
water.

standard Error of Estimate - A mea
sure of the reliability of a regres
sion. It is the standard deviation of
the distribution (assumed normal) of
residuals about the regress ion line.

Storage Coefficient - The volume of
water an aquifer releases from or
takes into storage per unit surface
area of the aquifer per unit change
in head.

Transmissivity - The rate at which wa
ter of the prevailing kinematic vis
cosity is transmitted through a unit
width of the aquifer under a unit hy
draulic gradient.

Transpiration - The process by which
water vapor escapes from a living
plant and enters the atmosphere.

Unconformity - A surface of erosion or
nondeposition that separates younger
strata from older rocks.

Water Table - That surface in an un
confined water body at which the
pressure is atmospheric.



Appendix 2

CONVERSION FACTORS

The English units used in this report can be converted to metric units by
multiplying the factors given in the following list:

English Unit Metric Unit
To Convert Multiply By To Obtain

Acres 0.4047 Hectares (ha)

4.047X10-3 Square kilometer (km2)

Acre-feet 1. 233X10-3 Cubic hectometers (hm2)

Cubic feet per second

(ft 3/s) 2.832X10-2 Cubic meters per second

(m3Is)
0.2832 Liters per second (L/s)

Feet (ft) 0.3048 Meters (m)

Feet per day (ft/day) 0.3048 Meters per day (m/day)

Square feet per day
(1t2/day) 0.0929 Square meters per day

(m2/day)
Gallons per minute

(gal/min) 6.309X10-2 Liters per second (LIs)

Inches (in) 25.4 Millimeters (mm)

Miles (mi) 1. 609 Kilometers (km)

Square miles (mi2) 2.59 Square kilometers (km2)
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DISC USSION OF FORMATIONS

Those rock formations cropping out in
the Springfield area are illustrated on
plate 2. Descriptions of these units can
also be found in Beveridge (1970),
Fellows (1970), and Thompson and
Fellows (1970), all of which include
stratigraphic descriptions in Greene
County. The following dlscussion be
gins with the oldest (lowest) formation
first.

ORDOVICIAN SYSTEM
CANADIAN SERIES

Cotter Dolomite

The Cotter Dolomite is a brown to buff,
.earthy dolomite, containing scattered
beds and bands of chert and quartz sand
stone. In the lower part of the Cotter,
a thick sandstone (the "Swan Creek ll

sandstone) is exposed in the vicinity of
Northview, Webster County (just east of
the map area).

MISSISSIPIAN SYSTEM
KINDERHOOKIAN SERIES

Bachelor Formation

The Bachelor Formation marks the
base of the Mississippian System and is
a distinctive stratigraphic unit in spite
of its thinness. It consists of two li
thologies, a basal green quartzose
sandstone and an upper greenish shale.
The lower sandstone usually contains
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fragments of chert reworked from older
strata, and phosphatic nodules and de
bris (fish teeth). It is characterized by
a calcareous cement that is in optical
continuity (a "glint" cement), and has
yielded a profuse fauna of distinctive
microfossils (Thompson and Fellows,
1970). The upper shale is calcareous
and usually sandy.

Both units of the Bachelor Formation
are extremely widespread. They av
erage only 3-4 inches each in thickness,
although the lower sandstone may vary
considerably due to the unevenness of
the surface upon which it was deposited
(from 2-6 inches in some exposures).
The basal contact of the sandstone with
the underly ing formation may be "weld
ed", that Is, the two Wl.lts seem to
merge one to another without any ap
preciable break. However, this con
tact often represents an erosional pe
riod of several hundred million years
duration. The upper contact of the
Bachelor Formation is sharp and dis
tinct.

Compton Formation

The Compton Formation is usually a
light-gray limestone composed of a
finely crystalline matrix cementing
small fossil fragments (crinoid os
sioles together). In northern Greene



County, this formation has been par
tially dolomitized to a brown to tan,
earthy dolomite, strongly resembling
the Cotter Dolomite (Ordovician in age).
However, the scattered crinoid ossicles
were not destroyed, and impart a pep
pery appearance to the Compton, dis
tinguishing it from the Cotter Dolomite.

The Compton Formation averages 10-15
feet in thickness, and has a sharp basal
contact with the Bachelor Formation.
The upper contact, however, is often
transitional with the silty dolomite of
the overlying Northview Formation, so
that a sharp or distinct break is usually
not present.

Northvlew Formation

Within the region shown on the map, the
Northview Formation is extremely var
iable in nature. It ranges from 5 feet
in thickness in the extreme southern
part of Greene County to 80 feet in the
northern part of the County. Where the
Northview is thickest, the lower part is
primarily a dolomitic siltstone and
shale, and the upper part is a silty do
lomite. Several prominent siltstone
beds are present in the upper half of the
Northview. In the southern part of the
county, the thinner Northview is pri
marily a silty shale and is usually
greenish-gray in color. Particularly
characteristic of the Northvlew Forma
tion are surface markings on the silt
stone beds that resemble fans or
rooster tails, termed "caudagalll".

Discussion ofFormations

OSAGEAN SERIES
Pierson Formation

The Pierson Formation was named
from exposures on Pierson Creek, just
east of Springfield. Here it consists of
silty dolomite in the lower part, grad
ing upward into dolomitic cherty Iime
stone. South from Springfield, the
Pierson becomes less and less dolo
mitic, changing facies to a light-green
ish-gray, medium-crystalline, fossil
iferous limestone in Christian County.
To the north it thins and also becomes
less dolomitic. In Greene County, the
Pierson Formation averages 40 feet in
thickness.

Although it represents a series bound
ary, the lower boundary of the Pierson
Formation, with the. Northview, is often
difficult to locate exactly. This is be
cause the bluish, silty dolomite of the
Northview has often been reworked with
and incorporated into the brown dolo
mite of the basal Pierson. The upper
boundary with the Elsey Formation is
vel'Y transitional and is based on an in
crease in chert percentage to around 50
percent by volume, along with a change
of the carbonate to a purer calcium
carbonate (little or no dolomite).

Elsey Formation

The Elsey Formation is finely crystal
line, gray, fossiliferous limestone in
terbedded with light-gray, mottled,
spicular chert that occurs as nodular
beds and discontinuous beds of nodules.
TIle limestone:chert ratio is about 50:50.
The limestone beds are 6 inches to 2
feet in thickness and the chert nodules
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are 3 inches to 1 foot. Weathering pro
duces limestone beds with a nodular,
rounded appearance. Crinoid ossicles
are scattered throughout Ixlth the lime
stone and chert, and lenses of medium
to coarsely-crystalline crinoidal lime
stone are common. The Elsey Forma
tion averages 50 to 60 feet in thickness
in Greene County, but can be thicker.
Its boundaries are transitional Ixlth
with the Pierson below and the Burling
ton limestone above.

Burlington and Keokuk Lime
stones, undivided

The Burlington and Keokuk Limestones
represent alxlut 150 feet of light-gray,
coarsely-crystalline, crinoidal lime
stone. Chert is present in zones that
are 15 to 20 feet apart, with relatively
pure calcium carlxlnate in between.
The sequence is very coarsely-crystal
line (essentially composed of crinoid
ossicles) in the lower part (Burlington
Limestone) and gradually decreases in
grain size upward to a fine- to medlum
crystalline, fossiliferous limestone at
the top (Keokuk Limestone). This tran
sition is so gradual that no formational
boundary can be recognized in the map
ped region. The chert is like that of
the Elsey--whlte to gray, mottled,
spicular, as nodules and discontinuous
beds.

The top of the Keokuk Limestone is
identified by the Short Creek Oolite
Member, a 4- to 6-foot bed of essen
tially pure carbonate ooids averaging 1
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millimeter in diameter. The top of the
Short Creek has been defined as the top
of the Keokuk Limestone, the top of the
Osagean Series.

MEMMECIAN SERIES
Warsaw Formation

Above the Short Creek Oolite Member
of the Keokuk Limestone are a few feet
of light-gray, medium-crystalline lime
stone, very similar in lithology to the
upper part of the Keokuk Limestone
immediately beneath the Short Creek.
This limestone is the basal part of the
Warsaw Formation, a unit that is better
represented in the vicinity of Joplin,
Mo., west of the mapped area.

PENNSYLVANIAN SYSTEM

Throughout the western part of the
mapped area are scattered outcrops of
sandstone that are considered to repre
sent the Pennsylvanian System. These
are usually of very local distribution,
and are very difficult to map. Areas
shown on the map do not necessarily
represent a blanket deposit, but may be
regions of scattered small sandstone
exposures. Many more sand outcrops
are present in the western part of the
mapped region, but not enough informa
tion is known about their distribution to
warrant inclusion on the map.
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Table 21

PROBLEMS IN URBAN DEVELOPMENT

Unit Lakes Landfills Streams

Ul Slight for small
lakes. EKcavation
$hould not penetrate
hardpan.

Slight. Excavation
should not penetrate
hardpan.

Severe. Soil above hardpan not
thick enough for landflll. Ex
cavation through hardpan woold
expose pel"QlCable cherty red
clay.

\,let weather
stream, usually
gaining.

Ususlly losing.

Usually losing.Severe. Moderate. Permeable
soil and bedrock.

Severe. Permeable solI and
bedrock.

Severe. Remedial
treatJnent with
chemicals or a
compacted clay liner
lusually needed to
prevent leakage.

small ~oderate for no dis·
!charge lagoon.

lakes. ~~vere for discharging
lagoon if located in
sink.

Moderate for
lakes .
Severe for large

Severe. Permeable soU
& bedrock conditions.
Small lakes can some
times be built if clay
is treated with chCllll
cals.

U,

U,

v. Sllg:ht for small lakes. ~oderate. Limited by
Moderate to severe for by soil thickness.
large lakes. and losing reaches of

streams.

Severe. Li=ited by so11
thickness snd site of valleys,
and shallow groundwater table.

Gaining. msy
have losing
reaches.

Vb Severe. Permeable soil
and bedrock. Snlall
lakes can somet~s be
built on slopes.

eve«!. Pe-cmeable
sol1 and losing

tream.

Severe. Losing.

v, Slight. Slight. Slight. Best locations on
terraces; limited by depth
to ground water and floading.

Gaining.

5, Slight. Best sites at
foot of slopes.

light. Limited by
lopes.

Slight. Limited by slopes. Gaining.

s. Moderate to severe.Bed·
rock in 31 lopes can be
severely weathered.
Bedrock may contain
open joints and bedding
planes through which
lake water could leak.

evere. Limited by
slopes and thin soil
over over bedrock.

Severe. Limited by slopes and
thin soil cover over bedrock.

\,let weather
stream, usually
gaining.

Un Slight to moderate. Soil
may be pe-cmeable due to
high sand content. Bed
rock may contain open
bedding planes through
which lake water could
leak.

oderate. Padding
ay be needed over
ermeable soil.

revere. Limited by soil per
peability and soil thickness.

Wet weather
streazn, usually
gaining.

U,b Slight. Upper part of
!J,edrock may contain ope
bedding planes and
joints .

light. light. Limited by thin soil
cover.

Gaining.
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Introduction

Uol

U1

Vo

So

S.

51'. tic tanks

Moderate. Hardpan
",111 inlpede· downward
movement of e {fluent.
Effluent will surface
during wet periods.

Severe. Rapid down
ward per<::olarion of
effluent, very little
dilution.

Moderate to severe in
upper silty clay. Can
have rapid percolsrio
in red cherty clay
beneath upper sUty
clay.

Severe on slopes.
Slight in valleys.

SeVCl:c. Rapid perco
lation through per
meable soil and bed
rock.

Slight.

Slight. Shale 1lIlpedcs
downward movement of
effluent. Effluent
may surface on slopes.

Severe. Very little
soil cover on steep
slopes.

Slope
tabUle

Slight.

Slight.

Slight.

Sllght.

Slight.

Slight.

Modell"ate.
Slidell can
occur in
fill mater
1al placed
on top of
unit.

Slight.

Slab
oundations

Slight.

Hoderate.

Hoderate.
Could be
some swell
ing in up_
pel" silty
clay.

Slight.
Limited by
sides of
valleys.

Koderate.
Lullited by
sides of
valley flash
flooding.

Slight.

Severe.
Swelling of
residual
soU. Foun
dation li.d·
ted by
slopes.

Severe.
Steep
slopes.

Yootin<>s

Slight.

Sevel"e. Bedl"ock surface
variable due to weathering.
Redrock can contain open
joints.

Sevel"e. Pinnacle bedrock
surface. Large voids can
be beneath surface of
valley sides and floors.

Hodel"ate. Limited by sides
of valleys snd ground water
flowing into footing
excavations.

Severe. Limited by sides of
valleys and inegular rock
sUl"faces.

Moderate. Limited by watCl"
table. Unit 1s in a flood
plain; flooding eould oceur

Severe. Swelling of resid
ual soil. Slopes will ~ke
construction diffieult.

Severe. Weathered bedroek
ean eontain open joints
and bedding plains.

Excavation

Slight.

Severe. Bedrock
pinnacles can
hamper excavation.

Severe.

Severe. Shallow
bedrock and
ground water.

Slight to severe.
Incgular below
rock surface.

Moderate. L1IlItted
by water table.
Unit is in flood·
plainj flooding
could OCCUl".

Slight in shale.
Sevel"e in sil til tone.
Slopes may impede
excavation equip
ment.

Severe. Slopes
will impede excava
tion equipment. Thin
soU eover Qvel"
bedrock.

Un

U,d

Moderate. Thin soU Slight.
COVCl" ovel" bedrock.

Slighr. Tight residual Slight.
clay will slow down·
w8l"d percolation of
effluenr.

Slight.

Severe.
Swelling in
residual
elay.

Slight. Bedrock surface
Fay be uneven.

Slight.

Slight to sevel"e.
Irregular bedrock
surface.

Slight to sevel"e.
Irregulal" bedrock
surface.
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Table 22
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INTRODUCTION

Introduction

Urban development m:ty cause problems
with lagoons. lakes. landfills, septic
tanks, etc. if the geology and engineer
ing properties of soils and bedrock are
not considered. Plate 4, "Engineel'ing
Geology Map of the Springfield, Mis
souri Area" depicts the engineering ge
ology of the study area and tables 21
and 22 and the text describe the topo
graphic settings, soils. bedrock, etc.

Ten units represent engineering geo
logic conditions in this report. Factors
used in delineating these units include
soil types, bedrock conditions, and to-

pographic positions. all of which must
be considered. At the inception of this
study J several other methods were con
sidered for forming engineering geo
logic units, but they were not found to
be practical because soil fM>es. bedrock
conditions. and topographic positions
have such profolUld effects on engineer
ing geologic conditions.

Effects of each of these units on lakes,
lagoons, landfills, and streams am dis
cussed and a tabulation sheet at the end
of the report gives a brief summary of
the engineering behavior of each unit.

UNIT UI

Uplands; loessial soil over residual soil
(fig. 26).

TOPOGRAPHIC SETTING: Broad, nat
to slightly rolling upland.

UNIT THICKNESS: 2-5 feet

SOIL: The presence of the loess (Unit
ffi) introduces a different set of soil en
gineering characteristics than in Unit Dr.

Unit VI is composed of wind-depos Lted
clayey silt and silty" clay J 2 to 5 feet
thick. Unit Ul rests on top of Unit Ur
which is composed of residual soil de
veloped from weathered limestone.

Soil in Unit Ul is usually a brown to
dark brown color. On the flat uplands,
Unit VI contains a dense hardpan layer,
18 to 36 inches beneath the surface. 'Ihis
hardpan is generally less than a foot
thick and has low permeability.
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Wet spots or marsh-like areas will
often occur on the surface of UnIt Ul

Figure 26
Unit Ul, uplands with loessial soil over
residual soil.

KARST AREAS: This unit contains
karst areas although not as pronounced
as in Unit Ur. Sinks are generally iso
lated.

during the winter and spring months.
Because of the flat topography and the
presence of a hardpan, surface water
drains slowly from the m surface. Wet
areas can hamper farming operations
or accesslbWty to construction projects.

There are small lake sites in the small,
upland valleys situated around the pe
riphery of the flat uplands.

An inflow of seep water can be expected
in excavations fur utility trenches, foun
dations, and basements. The hardpan
has a low permeability and infiltrating
surface water collects on top of the
hardpan, forming a seasonally-perched
water table. When excavations inter
sect the hardpan, perched. water flows
into the excavation. The water usually
flows into a trench for a day or so be
fore stopping. Flow will start up again
after rainfall, however. The amount of
flow is small, but troublesome, and a
pump is usually needed to drain exca
vations. Basements need drains at foot
ing levels around outside walls.

LAKES: Large lake sites are limited
in Vnit VI. The land surface is rather
flat and lacks well defined valleys which
would be suitable for constructing large
lakes.

Ooe of the problems with constructing
lakes in Unit m is that the brown loes
sial soil is usually stripped from the
bottoms and sides of the valleys to make
larger lake basins. When the clayey
soil of Unit Ul is removed, then large
expanses of permeable red stoney soil
(Unit Dr) are generally exposed in the
lake basins.

"
........

~
L "j

ENGINEERING GEOLOGY: The loe8
sial soil has low permeability and Is
suitable for small ponds and sewage
lagoons. When the loess soil layer (Unit
VI) is removed and the underlying re
sidual red stoney soil (Unit Dr) is ex
posed, there may be leakage in the
stoney soil.

BEDROCK: Very seldom does Unit Ul
lie directly on top of bedrock; instead,
Unit Ul rests on Unit Ur. Bedrock be
neath the soil units consists of weath
ered limestone that contains large solu
tion enlarged joints and bedding planes.
Numerous caves are in the limestone.
The bedrock surface can be highly ir
regular (pinnacled.) due to weathering.
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To prevent leakage, this red stoney soil
should be treated with soda ash or cov
ered with a clay pad. Both sealing meth
ods are costly and success is uncertain.

Small ponds can be constructed in Unit
VI. U at all possible, the pond floor
should not penetrate the brown loess ial
soil. If Unlt mIs thin and it is neces
sary to expose the underlying red stoney
soil in the pond floor then a pad of
some sort will be needed to prevent
leakage. A compacted clay pad con
sisting of a hall-and-hall mixture of
brown clay from Unit ill and red stoney
soil can be used. Sometimes the red
stoney soil can be sealed by applying a
little soda ash (1 pound per 5 square
feet) and then disking and compacting
the surface of the treated clay.

LAGOONS: This unit is favorable for
lagoons. Excavations should be kept to
a minimum so that the underlying red
stoney soil Is not exposed. If the red
stoney soil is exposed, remedial treat
ment will be necessary. If only small
areas of red stoney soil are exposed
inside the lagoons, the stoney soil can
be over-excavated to a depth of 24
inches and replaced with compacted
brown clay.

Deep excavations for lagoons requIre
more costly sealing methods to prevent

leakage. Remedial treatment can range
from a water-tight rubber or plastic
liner to a compacted, chemically treated
clay pad.

Pinnacled bedrock and voids may be
encountered in deep excavations.

Intersector trenches may be needed
around the outsides of lagoon excava
tions to intercept flow from perched
water tables.

LANDFILLS; Unit Ul is not favorable
for landfills because rolls vary .in thick
ness and are generally not thick enough
to provide a water-tight base and cov
er material for landfills.

RECEIVING STREAMS: Receiving
streams in this unIt are dry most of
the year. They are located in the up
per reaches of watersheds and do not
receive enough surface runoff or re
charge from groundwater supplies to
maintain a year-roWld flow.

Small wet weather springs occur in
shallow gulleys in the uplands. Early
day farmers valued these small spr ings
as water sources for their families and
livestock. Shallow basins made of stone
were built at the spring orifices to hold
water. Many of these spring orifices
are marked by large sycamore trees
growing nearby.

Unit Ur

UNIT Ur

Uplands with residual soil. over weath
ered limestone (fig. 27).

TOPOGRAPHIC SETTING: Flat to
rolling uplands with gentle to moderate
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sq>es where Ulit Ur grades into Unit ~
Large karst areas; sinkholes, caves, and
springs are common. Because of the
weathermg characteristics of the Bur
lington Limestone, bedrock pinnacles
and residual chert boulders are OOlllDUl.

UNIT TffiCKNESS, 1-30 reet

SOIL: Soil developed as a residuum
from the weathermg of the underlying
cherty limestone. Soil mantle ranges
from red colored clayey soil to layers
of chert boulders and gravel contaming
very little clay. The chert boulders
and gravel are formed from the break
down of chert weathered from the lime
stone. After the soluble caroonate por
tion of the limestone has been altered
to residual soll the more resistant
chert is left "floatingll in soil. Layers
of residual chert will often retain bed
ding characteristics of the bedrock,
forming undulating horizontal beds of
chert situated between soil layers.

In some places, soil sequences In Unit
VI.' may be over 10 feet thick and con
tain very little chert. In other places
there will be sequences of chert boul
ders and gravel layers 1 to 4 feet thick,
separated by a thin layer of clay.

KARST AREAS: The subsurface soil
and bedrock in Unit Dr contain caves,
pinnacles, and solution enlarged joints.
Chemical weathering of bedrock by in
filtrating surface water has formed a
network of underground openings.

Sinkholes have formed in the area when
the soil roofs of undergrolUld openings
have gradually weakened and collapsed
to form sinkholes on the land surface.
Widely scattered sinkholes are present
over the entire un it. There are also
areas where clusters of sinks occur,
indicating intense karst activity in the
bedrock. Examples of these clusters
occur near Sparta, Nixa, and the Spring
field Municipal Airport.

a. Weathering of soil and bedrock in
karst areas: The effects of weathering
on soil and bedrock in karst areas can
not be ignored in planning for future de
velopments. Catastrophic collapse can

BEDROCK: Massive cherty limestone
which contains large solution enlarged
joints and bedding planes. Caves in
l1mestone are numerous. The bedrock
surface in this unit can be highly vari
able due to the pinnaeled surface pro
duced by weathering.

~
.... c·· ..,..;.. .

-~ ".":.';;' ..~J"~:'
~o" ~......!.._...Q._......... . ,,--.,
,~"""'Ut-~ - -.z~

4 ~'t....::--;- •
.....-;; .-;:;'..

Figure 27
Unit Ur, uplands with residual soil over
weathered limestone.
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occur beneath lakes and lagoons. Homes
situated in sinkholes which have been
leveled or filled can be flooded ~ slowly
draining surface water. Excavations for
foundation footings can encounter a pin
nacled uneven bedrock surface and so
lution enlarged openings in the bedrock.

Development in karst al'eas can be done
but lUlusual engineering problems and
expensive remedial treatment should be
expected.

Karst areas have underground drainage
systems connected by networks of vari
ous sized openings. Liquid pollutants
from lagoons, treatment plants. and
landfms that enter the networks of un
derground openings can spread rapidly
and contaminate groundwater in the
karst bedrock and affect springs and
water wells.

b. Engineering features of soil: Blocky
structure and light density. Much of
the residual clay in this unit has a
blocky structure that is caused by the
iron element in the soil acting as a
binding agent between clay particles.
The cracks between small blocks of
clay increase the permeability of the
soil and decrease soil density. When
the clay dries or is exposed to air. it
breaks down into blocky sand-size
pieces. In this state the clay behaves
more like a silt or sand than a clay.

c. Chert residuum in soil: The large
amount of chert gravel and boulders In
the soil increases permeability. A lay
er of chert gravel or a relict chert bed
that has numerous fractures can be an
avenue for rapid lateral movement of
water.

LAKES: This un it is not favorable for
lakes due to the permeable nature of the
soil and bedrock, and the possibility of
a sink or cave collapse in the lake basin.
The cost of compensating for soil and
bedrock conditions would make most
lakes too expensive to build.

Small ponds of 1 acre or less can be
made to hold water if the soil exposed
in the pond basin is compacted by a
sheeps foot or rubber tired roller.
Clay should be vel)' moist when com
pacted. Gravel and chert beds exposed
inside the pond basin should be removed
and replaced by clayey soil.

There has been some success in sealing
leaking ponds in the residual soil (Unit
Ur) by treating the soil with chemicals
such as soda ash or trisodium poly
phosphate. The chemical breaks down
the blocky structure of the soil and de
stroys the small cracks between the
blocks. It should be spl-ead over the red
soil at the rate of 1 pound per 5 square
feet of surface areaj the surface is then
disked and compacted.

Ponds in this lUllt often behave differ
ently in their ability to hold water. One
pond may be dry while a hundred yards
away another pond may hold water. pos
sibly because of the manner in which
the ponds were constructed. Soil in the
basin of a pond holding water may have
been disked and compacted.

LAGOONS: To prevent leakage in la
goons. It. may be oecessaty to chemically
treat soil in the lagoon floors and sides
or, if the soil contains large amounts of
gravel. the lagoons can be lined with a
clay blanket or plastic liner.
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Deep excavations for lagoons may en
counter numerous permeable chert lay
ers and/or bedrock pinnacles resulting
in expensive sealing costs.

LANDFILLS: Unit Ur is not favorable
for landfiUs. especially in karst areas.
because of permeable soil and bedrock.
There are exceptions though such as the
hilltops overlooking the Eureka Springs
Escarpment in northern Greene County.
where it is possible to develop suitable
landfiUs. These hilltops are underlain
by a 40-foot (or thicker) layer of North
view Shale. The downward migration
of landfill leachates is blocked by this
relatively impermeable shale. Leach
ates move along the top of the shale and
emerge on the hillsides where it can
be captured by conduit trenches and
directed to lagoons. Landfills located
on the hilltops require careful planning.
Some of these areas are not practical
to use because of the rugged terrain.

Other possible landfill sites In Unit Ur
would be where the residual soils are
more than 35 feet thick. A testing and
drilling program would be needed on

these sites to determlne soU perme
ability at various depths. presence of
caves, depth to ground water, and di
rection of groundwater movement. En
gineering plans should provide for
leachate drains in bottoms of landflll
trenches so that the leachates can drain
laterally to lagoons on the surface.

RECEIVING STREAMS, streams in UnIt
Ur are In two categories:

a. Wet weather streams: Dry most of
the year, and flow only during wet pe
riods. These streams are usually Dear
the crest of the watershed.

b. Losin~ streams: Lose their flow
into the underlying permeable bedrock
or soil. Thus pollutants entering losing
streams can also enter open ings in the
bedrock that lead to caves or passage
ways whlch may extend for miles. Once
in these passages, liquid waste may
travel long distances contaminating the
ground water it comes in contact with.

Most losing streams (which may be lo
cated in any segment of the watershed)
are tributaries to streams in Unit Vb.

UNIT Dc

Upland valleys with colluvial soil over
residual soil (fig. 28).

TOPOGRAPHIC SETTING, Upland val
leys with gentle sloping sides. Valleys
have several different shapes which ap-

136

pear to be influenced by weathering of
the underlying bedrock and flat topog
raphy. Some valleys are bowl shaped
while others are long, narrow, channel
like valleys. Sides of the valleys range
from gently sloping to almost flat.



THICKNESS: 1-10 feet on valley floors
1-3 feet on valley floors

SOIL: Mixtures of gravel, silt, and
clay constitute the soH which is washed
down from the surrounding uplands. In
places, this soil is very silty or contains a
high percentage of chert gravel.

The silty clay soil has medium to low
permeability •

Although Vnit LC generally rests on Unit
Ur, which is 1 to 30 feet thick, there
are some valley bottoms where Unit Dc
rests directly on bedrock.

BEDROCK: The bedrock is weathered
limestone with large solution enlarged
joints and bedding planes. Caves may
be present. The bedrock surface may
be highly variable where weathering
has produced a pinnacled surface.

KARST AREAS: Many of the valleys
and basins where Unit Vc is found are

,- '
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Figure 28
unit Vc. upland valleys with colluvial
soU over residual soil.

old sinkholes. These valleys and ba
sins are generally circular in shape,
but some have elongated, channel-like
shapes with gently sloping sides. These
may reflect solution-enlarged joints in
the underlying bedrock or may be the
result of a combination of flat topogra
phy and the slow erosion of unLformly
textured soil, (secs. 5 and 6, T. 29 N.,
R. 21 W.

ENGlNEERING GEOLOGY, The collu
vial soil (Unit UC) in the upland valleys,
has a moderate to low permeability and
is suitable for small ponds or lagoons.

small catastropic collapses can occur
though because some voids or caves
may be present in the red residual soils
(Unit Ur) that underlie the colluvial
solI of unit Uc. Voids are more in
clined to occur on the sides of basins
or valleys, but may be infrequently en
countered beneath the floors. They are
not as likely to form beneath valley
floors because erosion and soil de
posits fill or destroy the voids.

LAKES: Small lakes or ponds can be
constructed in Unit Uc but there is a
risk that catastropic collapse may oc
cur beneath the lakes or ponds •

There is no easy way to tell if voids are
present in the soil and, many times,
voids are only uncovered when colluvial
soil (Unit Uc) is stripped from the lake
basins for use as borrow material. Col
lapse may also occur when soil roofs
over voids are weakened by water sat
uration. Water from a pond or lake
may soak into the underlying soil and,
U voids are present beneath the water I

the soil roofs--weakened by water sat-
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uration--will collapse, and allow the wa
ter to drain out.

If lakes or ponds are to be built, then
the colluvial soil (Unit Uc) on the sur
faces of the valley slopes and floors
should not be disturbed. Son for con
structing the dams should come from
the hilltops or from parts of the valleys
above the water line.

If economically possible, the soil in the
lake or pond basins should be disked
and then recompacted to decrease soil
permeability. An added, although du
bious benefit, is that vibrations caused
by heavy machinery during dlsking and
compacting of the soil will encourage
collapse of voids, thus forewarning of
additional voids.

Small ponds may dry up in the summer
because there is insufficient inflow of
water to balance water losses into the
permeable soil and losses due to evap
oration.

LAGOONS: Unit Uc is generally suit
able for lagoons, but excavations should
be kept to a minimum 00 that the under
lying red soil or weathered bedrock is
not exposed. The colluvial soil of Unit
Uc should be disked and then compacted
to decrease permeability. Gravel zones
exposed inside the lagoons should be
over-excavated 24 inches and brought
back to grade with compacted clay. If
at all possible, lagoons should be con
structed on the surfaces of valley floors
with little or no excavation.
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Deep excavations for lagoons may en
counter voids and weathered bedrock.
Costly remedial treatment can range
from plastic liners to chemically treated
soil pads.

Lagoons situated in sinkholes are ham
pered because effluent cannot drain out.
When effluent seeps into sinks, ground
water pollution is intensified.

LANDFILLS: This is not a favorable
unit for landfills because trench-type
landfill operations would penetrate Unit
Uc and bottom in stoney red soil or
weathered bedrock. Voids, which may
be present in the subsoil beneath the
landfills, may collapse, allowing leach
ates to escape directly into openings in
the soil and bedrock.

RECEIVING STUEAMS: Streams in this
unit are dry most of the year and though
brief flows occur aCtel" rains there are
no sustained flows.

Valley floors are almost flat with very
little gradient. Creek channels are
poorly defined to non-existent and many
creeks are losing. Water in the stream
channels will not stay on the surface
but enters permeable soil i.n the valley
floors and openings in the underlying
bedrock. Once the water enters tbese
openings, it can travel long distances
through cave-like passages. The flow
may reappear on the surface as a spring
further down the valley or sometimes
[n an entirely different valley.



UNIT Va

Unit Va

Valleys with alluvial and colluvial de
posits of gravel, sand, silt, and clay
over bedrock. Bedrock outcrops are
not unusual (fig. 29).

TOPOGRAPHIC SETTING: This unit is
situated in second order alluvial valleys
that are tributaries of the ,major creeks
and river valleys in the Springfield
area. Streams in thJs unit contain both
gaining and los ing reaches. Stream
flow measurements made by the U. S.
Geological Survey indicate there are
stretches of water loss in Terrell Creek
(Republic Quadrangle), Pearson Creek
(Galloway Quadrangle), and SOuth Dry
Lac (Ebenezer and Bassville Quadran
gles).

Streams in this unit generally have
surface flow during the winter and
spring. During the summer or dry
period streams may dry up completely
with the exception of their lower reach
es which have surface flow most of the
time.

Losing segments of streams occur where
stream water enters the gravel or per
meable bedrock under the stream chan
nel. Flow measurements indicate re
surgences of stream water downstream

Figure 29
Unit Va, valleys with alluvial and col
luvial deposits of gravel, sand, silt and
clay over bedrock.

from losing segments. This may indi
cate that water lost in the losing seg
ments of a stream stays in the valley
and reappears further downstream in
the gaining portions of the stream.

Stream channels are well deHned. Syc
amore trees are common along stream
channels.

UNIT THICKNESS: 0-10 feet in valley
floors
0-10 feet in valley
slopes
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SOIL: Valley floors are covered by al
luvial deposits of gravel, sand, silt,
and clay, from 0 to 10 feet thick. In
many places, bedrock crops out in
stream channel floors. The valley
slopes contain colluvial deposits of silt,
gravel, and clay. In the lower portions
of the watershed, these slopes may be
steep and rugged with extensive bedrock
outcrops and little soU cover.

Soil in the valley floors show signs of
sorting and transportation. This is evi
dent in gravel lesnes exposed in the
banks of creek channels.

BEDROCK: Several types of bedrock
occur in this unit. Cherty limestones
usually are present in the upper part of
the watershed. At lower elevations in
the central and lower parts of the val
ley, shale or dolomite may be encount
ered.

ENGINEERING GEOLOGY: Construc
tion on the valley floors should be
planned with consideration of the pos
sibility of flooding. Some of the valleys
have large watersheds and flash flood
ing is possible during times of heavy
rainfall.

LAKES: Construction of small lakes or
ponds in this unit will be restricted by
the widths of the valleys, soil types,
and condition of bedrock. Constructing
a dam across the principal valleys to
form a lake will be an expensive under
taking. Bedrock on the sides and floors
of the valleys may be weathered and
permeable. Rock should be excavated
to seat the trench in tight bedrock. Test
borings should be made to determine
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rock conditions at the proposed dam
sites. Losing reaches of streams in
dicate that there are permeable soil or
bedrock conditions and these potential
lake sites should be approached with
considerable suspicion or avoided.

Small lakes could be constructed across
the mouths of the smaller valleys that
drain into the larger principal valley of
this unit. Ponds or small lakes can be
located at the toes of gentle. slopes
where colluvial clays have accumulated.

LAGOONS: Most of Unit Va is suitable
for lagoons. Lagoons discharging Into
losing segments or located directly up
stream from losing segments would
have to upgrade effluent quality and re
ceive approval from the Division of En
viroomental Quality.

Soils on the valley floors may be grav
elly, requiring over-excavation and pad
ding with compacted clay to prevat leak
age from the lagoon.

Lagoons excavated more than 3 feet
deep may encounter ground water and
bedrock. Such sites may require an
intercepter trench around the outside of
the lagoon at an elevation lower than
the lagoon floor, to intercept shallow
ground water flowing through the allu
vial soils in the valley bottoms.

LANDFILlS: This unit is not suitable
for landfills we to inadequate soll thick
nesses, variable soil compositions, and
shallow ground water.



RECEIVlliG STREAMS: The lower
reaches of streams In this unit flow
most of the year but those in the upper
half of the watershed may be dry part
of the year. Streams in Unit Va receive

their water supplies from perched wa
ter tables or local springs, most of
which are in the watersheds where the
valleys are situated.

Unit Vb

UNIT Vb

Valleys with alluvial and colluvial de
posits of poorly sorted. gravel, sand,
and silt. Bedrock sometimes crops
in the creek channels (fig. 30).

TOPOGRAPHIC SETTING: This unit is
situated in second order valleys that
are tributaries to major creeks and
river valleys (Unit Vc) in the mapped
area.

,",".
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Figure 30
Unit Vb, valieys with alluvIal and col
luvial deposits of poorly sorted gravel,
sand and silt.

Streams in this unit are dry most of the
year. Water entering the streams
seeps into permeable soil or bedrock
under the valleys.

The stream channels in this unit change
in physical appearance several times
along the stream courses. For short
distances, some streams will have
distinct channels with steep banks sev
eral feet high. A stream channel may
be entrenched in the valley floor with
easlly recognizable boundaries. Its ap
pearance may aburptly change as the
channel becomes weed choked and ob
scured by piles of leaves or tree limbs
carried in by runoff from the last rain
fall. The stream gradient may flatten
and the channel floor may be covered by
chert cobbles and boulders. In some
valleys, the stream channels may be
less than a foot wide even though the
watershed draining into the valley may
be over 100 acres.

KARST AREAS: Sinkholes may be in or
along the borders of this unit.
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UNIT THICKNESS: 0-10 feet in the val
leys.

SOIL: Valley floors are covered with
poorly sorted boulders and gravel. Oc
casional deposits of gravelly clay and
silty clay may be found in the floodplain
of the larger valleys.

BEDROCK: Bedrock consists of weath
ered limestone and contains numerous
joints and fractures which have been
enlarged by solution weathering.

ENGINEERING GEOLOGY: This unit is
poor for any type of water-holding
structure or landfill. Where the bed
rock surface is very uneven due to
weathering, foundation excavations are
difficult and expensive. Drilling of
piers and piling is also hampered by
the weathered bedrock's uneven surface.

LAKES: This unit is poor for lakes due
to permeable soil and bedrock condi
tions. Lakes should only be considered
in this unit after drilling and pressure
testing programs indicate that geologic
conditions are suitable.

LAGOONS: If lagoons are to be located
in this unit, synthetic liners or thick
clay pads will be necessary to prevent
leakage. Construction costs will be
above average because of adverse geo
logic conditions.

LANDFILI.B: This unit is a poor lo
cation for landfills due to the permeable
soils and bedrock. Leachates entering
openings in the bedrock may contamin
ate water supplies.

RECEIVING STREAMS: Most of the re
ceiving streams In this Wilt are con
sidered los~. Sewage effluent entering
the receiving streams stays on the
ground for short distances only before
entering permeable son. Effluent may
move through permeable soil or bed
rock and reappear in springs farther
down the valley. In some cases, ef
fluent may move long distances beneath
the surface through passages in ~ bed
rock and contaminate springs in other
valleys.

UNIT Vc

Broad valleys with alluvial deposits of
gravel, sand, silt, and clay over bed
rock (fig. 31).

TOPOGRAPHIC SETTING: This unit is
situated in first order valleys contain
ing large rivers or creeks such as Wil-
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son Creek, Finley Creek, James River,
and Pomme de Terre River. In some
locations, the valleys are more than a
half mile wide.

UNIT THICKNESS: 5-30 feet.



Figure 31
Unit Vc, broad valleys with alluvial
deposits of gravel, sand, soil and
clay over bedrock.

SOIL: Soils in this unit are alluvial in
origin with the exception of colluvial
soils at the foot of valley slopes. Dis
continuous lenses of gravel, silt, and
sand are present. Thick sequences of
silty and sandy clay occur in the allu
vial flood plains and terraces.

BEDROCK: Bedrock under this unit is
limestone, shale, and dolomite. Car
bonate bedrock is severely weathered
on the valley slopes. Bedrock bluffs
that overlook the valleys contain caves,
solution-enlarged joints, and bedding
planes. Generally, the bedrock under
the valley floors is not as weathered as
that on the slopes.

ENGINEERING GEOLOGY: Generally
thIs unit [s suitable for small lakes and
lagoons and for limited landfill uses.
Thick sequences of clay interfingered
with gravel zones are present in the
broad alluvial flood plains that border
the rivers.

LAKES: Small lakes can be located in
·the floodplain, but the best sites are
generally along the bases of hillsides
where the floodplain and valley slopes
meet.

Soils at the bases of slopes are usually
clayey because erosion processes have
washed clay down from the adjoining
uplands. Further out on the floodplain,
excavations for water holding basins
may encounter permeable gravel layers
or ground water. Because of the flood
plain's flat surface. the amount of wa
ter draining from the watershed into
the basin is usually limited to the cir
cumference of the basin.

Other possible lake locations are in the
small tributary valleys that enter the
larger valleys of Unit Vc. Bedrock and
soH conditions in these valleys vary. so
some type of foundation investigations
should generally be made.

The extent of foundation investigations
needed in these smaller valleys depends
on the size of the proposed lakes.
Larger sites need a combination of
drill borings and backhoe pits to prop
erly identify geologic conditions. while
backhoe pits alone may be sufficient to
answer questions about soils and bed
rock at smaller sites.

Large lakes, such as would be formed
by constructing a dam across the James
River or Finley Creek, would require
extensive drilling programs to deter
mine bedrock qualities. The weathered
condition of bedrock may call for ex
tensive rock excavation and grouting to
construct a stable dam and to prevent
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lake water from leaking through the
abutments. Dewatering may be needed
for excavation of cutoff trenches.

LAGOONS: Generally this unit is suit
able for lagoons. However, if plans
require a deep excavation for the la
goon, ground water or permeable grav
el layers may be encountered. Ter
races containing clay-ricb soil make
excellent lagoon sites. Planning and
design of lagoons sbould consider the
lagoon I s location on the floodplain and
the maximum height that floodwaters
reached in the past. The lagoon shouId
be situated where It will not restrict or

lmpede the movement of floodwater
across the floodplain and cause water
to back up behind the lagoon.

LANDFILLS: Landfills may be located
in this unit, but preliminary investi
gations should be made to determine
the types of soil, depths to bedrock,
and the elevation of the water table.
The best locations for landfills are at
the feet of slopes or on terraces where
solls are usually more clayey.

Landfills should be situated at eleva
tions where they will not be affected by
floodwaters.

UNIT Sr

Hllisiopes with residual soil over weath
ered shale (fig. 32).

TOPOCRAPHIC SETTINC, This unil Is
situated in northeastern Greene County
on hIlls lopes which are a part of the
Eureka Springs Escarpment. The unit
trends northwest to southeast across
northeastern Greene County. The hlll
slopes on which Unit Sr is located, are
steep to gentle and range from 50 to 100
feet in height.

UNIT THICKNESS, 3-8 feet.
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Figure 32
Unit Sr, hillslopes with residual sol1
over weathered shale.



SOIL: Unit Sr is silty clay formed from
weathering of the underlying Northview
Shale and siltstone. It has a low per
meability and loses much of its strength
when wet.

Soil of this unit is sometimes mixed
with cherty red clay that has been
washed down from Units Ur or Ul.
These upland units are above Unit Sr
and form a colluvial mixture of chert
gravel, siltstone boulders, and silty
clay on the hills lopes.

In some locations, the surface of this
lm1t contains large rectangular siltstone
boulders that may be from 1 to 2 feet
thick. These may be troublesome when
excavating.

BEDROCK: Bedrock is primarily shale
from the Northview Formation with lay
ers of siltstone in the upper portion of
the formation. The Northview ranges
from 5 to 80 feet thick. It reaches its
maximum thickness near Northview,
Mo. and Fairgrove, Mo. and then thins
rapidly to less than 5 feet to the south
near Rogersville.

ENGINEERING GEOLOGY: This unit is
primarily on hillslopes. Slides m::w oc
cur when Unit Sr is placed on oome steep
slopes as fill. Failure occurs when

this fill exceeds its moisture and slope
limitations.

The siltstone portion of the Northview
is hard and may require drilling and
blasting to remove the thicker ledges.
The shale can be excavated by bulldozer
or backhoe.

Many of the springs in this region are
found at the top of the Northview For
mation.

LAKES: This unit is excellent for wa
ter impoundment structures if suitable
topography can be found. The steep
slopes limit the sizes of lakes. The
best sites are at the bottoms of slopes
where colluvial clay occurs.

LAGOONS: This unit is excellent for
lagoons with preferred locations being
at the bases of slopes.

LANDFILLS: This unit is suitable for
landfills .in northeastern Greene County.
The best locations are where the unit is
underlain by a thick impermeable shale
layer that will impede the downward
percolation of leachates.

RECEIVING STREAMS: Usually wet
weather streams. Most streams have
steep gradients which result in rapid
runoff of surface water.

Unit Urs

UNIT Urs

Uplands with soil formed from weath
ering of sandstone (fig. 33).

TOPOGRAPHIC SETTING: This unit,
an association of sandy soil and sand-
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stone, occurs as a widespread layer on
hilltops or as Isolated patches on up
lands. It 1s found extensively on the
hilltops of northwestern Greene County
between Walnut Grove and Willard, Mo.
Deposits occur locally in the northeast
ern corner of Greene COtmty where
sandstone crops out on hilltops.

UNIT THlCKNESS: 1-5 feet.

SOIL: The soil, a mixture of clayey
sand and sandy clay containing scat
tered sandstone fragments, is formed
from weathering d the underlying sand
stone. The sandstone is thick to thin
bedded and ranges in hardness from
very hard to soft and friable.

In many places there is 00 soil on top of
the sandstone bedrock. Large masses
of sandstone boulders may be found on
hillsides withIn thIs lUlit.

ENGINEERING GEOLOGY: This unit
may have poor water holding capabil
ities due to its very sandy soils. Be
fore lakes or lagoons are constructed,
tests should be made to determine the
soil's permeabIlity. A simple test
would be to dIg a pit 5 or 6 feet deep
and fill it with water. The rate at which
the water level declines would indicate
the soil permeabllity.

This materIal usually has good bearing
capacity and should be well suited for
light loads. Foundations for heavy
loads should be placed on the under
lying bedrock.
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Figure 33
Unit Urs, uplands with soil formed
from weathering of sandstone.

Uneven bedrock surfaces may be en
countered when excavating basements
or utility trenches.

LAKES: Soils in this unit may be very
permeable due to the sand content, so
permeability tests should be made be
fore lakes or ponds are constructed.
To keep water impoundments from leak
ing, some type of sealant such as ben
tonite or a clay blanket should be spread
over the interiors of the lakes or ponds.

Erosion of Urs soils may cause silt
ation in lakes and ponds if grass or some
sort of cover is not maintained around
the shores.

LAGOONS: Lagoons in this unit require
remedial treatment such as bentonite,
a well compacted clay pad, or a plastic
liner to prevent leakage. Deep exca
vations for lagoons may encounter bed
rock. A backhoe pit or auger boring



should be completed before lagoons are
constructed to find depths to bedrock.

LANDFILLS: Unit Urs is not favorable
for landfills due to insufficient soil cov
er and to permeable soil. The perme
ability of the underlying bedrock also
detracts from landfill suitability.

RECEIVING STREAMS: Most of the

streams located in this unit are in the
upper part of tile watershed and will
generally be dry during most of the

year. Little dilution can be anticipated
in these streams.

Unit Urd

UNIT Urd

Uplands witil thin soil cover over weath
ered dolomite (fig. 34).

TOPOGRAPHIC SETTING: This unit is
on flat to rolling terrain in northeastern
Greene County. sandstone crops out
on many of the hilltops above 1,300 feet
in elevation.

UNIT THICKNESS: 1-10 feet.

SOIL: This soil, developed from weath
ering of the underlying dolomite, con
sists of a silty c1a;y containIng scattered
chert gravel, cobbles, and boulders.
Where sandstone occurs, the soH Is
sandy and may contain chert gravel and
thin, flat sandstone boulders.

Weathering of the underlying dolomite
produces a light-colored plastic clay.
At the base of hills on which Unit 81' oc
curs, soils from Unit Urd mix with the
colluvial soils of Unit 81' and form an
excellent soil for impoundments.

BEDROCK: Bedrock beneath this unIt
is primarily thick- to thin-bedded sllty
dolomite. Various sized layers of
sandstone occur at different elevations
in the dolomite, some of which are less
than an inch thick while others are over
5 feet thick. The more massive sand
stone crops out on hills above 1,300
feet in elevation. Large desk- to piano-

Figure 34
Unit Urd, uplands with thin soil cover
over weathered dolomite.
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sized boulders of chert on some hill
slopes (NE. SW. sec. 8. T. 30 N.• R.
19 W.) may be remnants from a forma
tion that has been destroyed by weath
ering.

ENGINEERING GEOWGY, Generally
tbis unit is well su ited for water im
poundments but landfill sites are lim
ited because of the thin soil cover.

Bedrock beneath this unit is not as se
verely weathered as the limestone be
neath Units Dr, Ul, and Vb; solution
openings are Dot as numerous in the do
lomite as in the limestone. Karst areas
are Don-existent. The silty dolomite
weathers into a plastic clay that has low
permeability when compacted.

Excavations for utility trenches, foun
dations, and basements will probably
encounter bedrock. 'I1le bedrock is hard
and drilling and blast excavations may
be necessary.

Springs sometime occur in this unit
where sandstone crops out on slopes of
deep valleys.

LAKES: This unit is well suited for
water impoundments. The soil may be
gravelly but it usually has enough clay
so that it can be used for dam con
struction.

Cut-off trenches should be excavated
beneath dams to prevent lake water
from leaking around the ends or be
neath the bottoms of the dams. These
cut-off trenches should be excavated
into tight bedrock and then filled with
compacted clay. Dams are then con-
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structed on top of the trenches. By
placing the trenches in tight bedrock.
cracks or openings in the bedrock are
sealed so lake water cannot leak out.

LAGOONS: This unit is suitable for la
goons. No unusual problems are an
ticipated although soil cover JruW be thin
in some places. If a deep lagoon must
be constructed to provide gravity flow
of effiuent, then bedrock excavation may
be necessary. Bedrock should not be
exposed inside a lagoon because of the
possibility of lagoon fluid leaking into
bedrock fractures. Levees should be
constructed in front of rock cuts to pre
vent leakage.

It may aJ.g) be necessary to place inter
ceptor trenches around the outsides of
lagoons to intercept shallow ground
water.

LANDFILLS: Good landfill sites are
difficult to find here because of the thin
soil rover. Exploratory pits should be
dug to determine soil thickness at sites
of proposed landfill construction. Where
the soil is thick enough, generally 15
~eet or more, this unit is excellent for
landfills. Some minor seepage from
perched water tables may be encoun
tered in the trench landfills and soils
may be gravelly in some places, but
these are items that can usually be
solved by engineering studies and tech
niques.

RECEIVING STREAMS: Most of the
streams in this unit are gaining. Those
with small watersheds may dry up
during dry periods. There may be in
stances where creek water does enter



fractures· in the bedrock, but these
fractures are not widespread or exten
sive. Water may enter the fractures.

flow a short distance underground, and
then reappear on the surface. Any wa
ter loss is usually local.

Unit Sa

UNIT Sa

Slopes with thin soil cover over bed
rock (fig. 35).

TOPOGRAPHIC SETTING: Situated on
moderate to steep slopes with 0 to 5
feet of soil cover. Bedrock is exposed
on most of the steep slopes. ThIs unit
can merge with the residual soil of Unit
Dc on gentle to moderate slopes.

UNIT THICKNESS: 0-5 feet.

SOIL: Soil on the slopes can vary from
clayey silt to silty gravel with small
amounts of clay. Occasionally small
layers or pockets of clay can be found
on the rocky slopes. Many of the mod
erate slopes bordering the large river
valleys contain layers of gravelly clay
that have washed down from upper hill
slopes. These layers can be over 5 feet
thick.

BEDROCK: The bedrock under this unit
is deeply weathered limestone and do
lomite and, where exposed on the

slopes, may contain open joints, caves.
or fractures.

ENGINEERING GEOLOGY: The steep
slopes, thin soil cover, and deeply
weathered bedrock make this a poor
unit for lakes, lagoons, and landfills.
The steep topography hampers con
struction projects, and excavations for
basements or utility trenches usually
encounter bedrock.

Remedial engineering procedures are
more involved and costly because of the
adverse geological conditions.

LAKES: Construction of lakes in this
unit should proceed with caution. All
lake sites should have a geological ex
amination or a foundation investigaUon.
The bedrock is usually extensively
weathered and may contain a network of
underground openings. Trying to seal
the bedrock openings after a lake has
been constructed is generally costly,
frustrating, and futile.
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Figure 35
Unit Sa, slopes with thin soil cover
over bedrock.

Water impoundments should have cut
off trenches beneath the dams. Cut-off
trenches should be excavated into tight
bedrock and then back filled' with clay.
Cut-off trenches help prevent lake wa
ter from leaking around the ends and
beneath the dams. Excavation of cut
off trenches~ require expensive rock
excavations in order to seat trenches in
tight bedrock.
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LAGOONS: This unit is generally not
favorable for construction of lagoons
because of the steep slopes and the th in
soil cover. Bedrock is extensively
and highly permeable. If lagoons must
be located in this unit, higher construc
tion costs should be anticipated. The
interiors of lagoons will need clay or
artificial liners to prevent leakage.

LANDFILLS: This unit is not recom
mended for landfills due to thin soil
covers, weathered bedrock, and steep
slopes.

RECEIVING STREAMS: streams in this
unit are usually dry due to small wa
tersheds. Also, the hills lopes cause
speedy runoff of surface water and
there is little storage to replenish flow.
Due to the weathered bedrock, many of
the streams that cross this unit are
losing so the water generally does not
stay on the surface, enters openings in
the bedrock and travels beneath the
surface.
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