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INTRODUCTION The dissolved-solids content of the water ranges from 246 to %@W/ 4 ’
The report area is the flood plain of the Missouri River 819 mg/1 (milligrams per liter) and consists principally of //W/WW ~880

from river mile 147, near Jefferson City, Mo., to river mile
263, near Miami, Mo. Flood-plain widths vary from 1.8 to 6.4
miles and have a total surface area of approximately 285
square miles. The flood plain is underlain by alluvium con-
sisting of clay, silt, sand, and gravel which has been deposited
by the river. The sand and gravel in the lower part of the
alluvium is saturated with water and forms the alluvial
aquifer. The water in this aquifer is in hydraulic connection
with the Missouri River.
PURPOSE AND SCOPE

This is one of a series of atlases which present data on the
ground-water resources of the Missouri River alluvium in
Missouri. The purpose of this hydrologic atlas is to describe
the thickness, areal extent, and lithology of the alluvial de-
posits along the Missouri River between Jefferson City, Mo.,
and Miami, Mo., and to provide information on the occurrence,
availability, use, and chemical quality of the water contained
in the alluvial aquifer.

PREVIOUS INVESTIGATIONS

Fuller and others (1957) have made a study to determine
the possibilities of obtaining water from the glacial drift of
Chariton County in which they present chemical analyses of
water from wells drilled in the underlying bedrock. They
(Fuller and others, 1957, p. 5) conclude for Chariton County
that “. .. wells drilled into the consolidated rock to moderate
depths may possibly obtain limited yields of water of marginal
quality. The water from “rock” wells in all probabilities will
become more mineralized with increased depth of drilling.”
They also conclude that with proper development wells drilled
into the valley fill of the Missouri River in Chariton County
may yield as much as 1,000 gpm (gallons per minute).
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GEOLOGIC SETTING
ALLUVIUM

The river that carved the Missouri Valley also partially
filled the trough with sand, gravel, silt, and clay. In general,
the lower part of the alluvium is made up of coarse sand and
gravel, while the upper part is frequently composed of fine
sand, silt, or clay. Thickness of the alluvium is controlled by
irregularities in the bedrock surface. Based on available test-
hole data the maximum alluvial thickness in this reach is

about 95 feet and the average thickness is about 80 feet.

er:

The average saturated thickness is about 60 feet.
Lithologic character and thickness of the alluvium are

shown on the accompanying map by strip logs and geologic
sections. Information pertaining to geologic logs of wells and
test holes shown on the map but not accompanied by a strip
log can be obtained from the Missouri Geological Survey and
Water Resources, Rolla, Mo.

GLACIAL DRIFT AND LOESS

The bedrock bordering the Missouri River flood plain is
covered in some places by glacial drift and loess. The glacial
drift is a heterogeneous mixture of clay, sand, gravel, and
boulders. Where sand and gravel are present the deposits
may be water bearing. Loess on the other hand is a homo-
geneous deposit of silt-sized particles, which though quite
porous, yields little water. In places these materials obscure
the bedrock-alluvium contact at the valley wall and make it
difficult to determine whether the alluvium is in hydraulic
connection with the glacial drift and loess or is contained by
a relatively impermeable bedrock barrier. A more detailed
study would be needed to determine this relationship in cer-
tain areas.

i BEDROCK

The bluffs and rounded hills which border the Missouri
River flood plain between Jefferson City, Mo., and Miami,
Mo., are composed predominantly of limestone with lesser
amounts of dolomite, shale, and sandstone. The same type
of roeks also underlie the alluvium and form the bedrock (the
rock surface upon which the sand and gravel rests). Areal
distribution of the bedrock is shown on the geologic map of
Missouri (McCracken and others, 1961). A description of each
formation can be found in Howe and Koenig (1961). Well
yield and quality of water from bedrock formations in Missouri
are shown on maps by Robertson (1962), Fuller (1962), and
Knight (1962).

GROUND-WATER HYDROLOGY

Ground water available to wells occurs in the openings
between individual sand and gravel particles making up the
alluvium. Some of this water comes from the streams, either
from overbank flooding or sustained high-river stage; some
comes from direct penetration by downward percolation of
rainfall. A still smaller amount may be due to underflow
from bedrock aquifers.

The main ground-water discharge is effluent seepage into
the Missouri River. Other discharge may be attributed to
evapotranspiration, downward movement of water into the
bedrock, and pumping from wells.

Ground water in the alluvial aquifer occurs under water
table (unconfined) and artesian (confined) conditions. These
conditions vary geographically and in time. Consequently, in
referring to the map, reference will be made to the piezo-
metric surface (the surface to which water in the aquifer will
rise under its full head) rather than the water table (the
upper surface of the zone of saturation).

The contour lines on the accompanying map show the
general shape of the piezometric surface for March 1967.
Arrows drawn at right angles to the contour lines and point-
ing in the direction of decreasing altitude would show the
direction of movement of the ground water. At this partic-
ular time (March 1967) the river was acting as a drain
throughout most of its length. At other times, such as during
periods of prolonged high-river stage, the direction of move-
ment may be reversed, especially in the area close to the river
and the aquifer will be recharged by the river.

The geologic sections show the maximum amount of
fluctuation in the piezometric surface observed over a one-
year period. In general, the greatest amount of fluctuation
occurs closest to the river.

GROUND WATER USE

Ground water withdrawal by wells from the alluvium
bordering this reach of the Missouri River represents a small
fraction of the water available to wells. Negligible amounts
of ground water are used for rural household and stock water
throughout the area. A small amount is pumped sporadically
from a few irrigation wells in Howard, Cooper, and Saline

calcium and bicarbonate with significant, but variable,
amounts of magnesium, sulfate, sodium, and chloride. Vari-
ations in the dissolved-solids content and chemical character
of the water are caused principally by differences in the
chemical composition of the aquifer material and the length
of time the water has been in contact with them.

Areal variations in the dissolved-solids content and in the
chemical characteristics of the water are shown graphically
on the map. Chemical analyses of water from selected wells,
along with the maxium, minimum, and median values based
on all of the available analyses, and the recommended limits
for drinking water, are shown in a table below. Bacterial
content of the ground water was not evaluated during
the present study. Thus, the remarks pertaining to suit-
ability, given below, are restricted to an evaluation of
chemical data and do not indicate the sanitary condition of
the water.

Domestic and municipal use.—In this reach of the valley,
water from the alluvium is used for farm supplies and by six
communities for municipal water supplies. A comparison of
the median values with the recommended limits for drinking
water indicates that the iron and manganese content of water
in the alluvium is generally excessive for domestic and
municipal use, and treatment for iron and manganese removal
is desirable.

The minimum value of 190 mg/1 for hardness indicates that
in this reach of the valley the water is very hard and could
be profitably softened for many domestic uses. Although
hardness of water is not considered in the drinking water
standards, a high hardness is undesirable in water for domestic
uses because it forms a scale in hot water pipes and in other
vessels in which water is boiled, and it also consumes an
excessive amount of soap and detergent during the washing
process.

All water pumped from the Missouri River alluvium for
municipal use is disinfected at the treatment plants. Some

plants also have provision for water softening and removal of 39°00" —

iron and manganese. For a detailed chemical analysis of the
treated water for each city and a description of the treatment
applied see Missouri Division of Health (1966).

Irrigation use.—Rainfall is generally sufficient for growing
crops in this reach of the valley and irrigation is not widely
practiced. Water from the alluvial deposits would be suitable
for supplemental irrigation during drought periods or during
other times of deficient rainfall. Methods of classification of
water for full field irrigation developed by the U.S. Salinity
Laboratory indicate that water in the alluvium has a low
sodium hazard and a medium to high salinity hazard. (see
shaded area on diagram below). Wilcox (1955) states that

waters with these classifications can probably be used on a

supplemental basis with little danger to crops.

s— e S———————

I I I (R L I T I
gﬂ < 30— -
Sk

28— —
| Water from the alluvial |
= 26 deposits plot within the
AR shaded area on this dia-
= 24 gram I
22— =
4
Nl | @
o <~ 20 =
(4 \ o
E £
< - =}
-] & 18
= E z
=3 o
SHE RS ]
g2 |8
s g4
2 <
Q = -
I 5 12
7} I~ 8
i 10_\ )
& \
2 = -
gla| °
T \_
2= .
0 ] 1 |
100 250 2250
0(46‘ SPECIFIC CONDUCTANCE, MICROMHOS AT 25°C
)
C1 c2 c3 c4
Low Medium High Very high

SALINITY HAZARD

Classification of water for irrigation use.

DEVELOPMENT OF THE GROUND-WATER SUPPLY
POTENTIAL YIELDS '

The alluvial aquifer receives a large but undetermined
amount of recharge from the river during overbank flooding
and during sustained high-river stage. In addition to re-
charge from the river it is assumed that an average of 6
inches of the 38 inches of annual precipitation recharges the
aquifer. This amounts to about 81 mgd (million gallons per
day). The average saturated thickness of 60 feet and average
effective porosity of 15 percent indicates that approximately
530 billion gallons of water are in storage at all times. When
the average recharge from precipitation of 81 mgd and the
large but undetermined amount of recharge from the river
plus the 530 billion gallons of water in storage is contrasted
with the 0.45 mgd that is withdrawn from the aquifer it is
obvious that only a small fraction of the avaiiable water is
being utilized.

The amount of water available from natural storage in the
aquifer can be increased in some areas by locating a well so
it induces recharge from the river. The amount induced from
the river will depend upon the distance of the well from the
river, the rate at which water can move through the aquifer,

rate of pumping, amount of natural recharge to the aquifer, .

direction of natural ground-water movement, river stage,
temperature of the river water, and vertical permeability of
the streambed.

The chief advantages of a water supply developed through
streambed percolation over a supply directly from the stream
are a more nearly uniform chemical quality, a temperature
range less than that of a stream, and the apparent removal
or dilution of most objectionable odors and tastes (Rorabaugh,
1963, p. 52, 55-56).

The advantages of an induced infiltration supply over a
conventional ground-water supply are the availability of more
water, with less drawdown and consequent reduced pumping
costs.

Rorabaugh (1963, p. 5) states that “. . .the planning of a
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the least pressure drop will delay the rate of encrustant
accumulation. These practices are (1) developing the well to
its maximum capacity, then pumping it at a rate somewhat
less than its developed capacity (2) reducing the pumping rate
and pumping more continuously or, (3) increasing the number
of wells pumped and pumping them at a lower rate.

Wells that are farther apart are more efficient owing to
less interference between wells. However, where more than
one well is to be used in a single well field the cost of the
connecting pipeline and electrical installation is less when the
wells are closer together. The optimum spacing of wells in
a multiple well field is largely an economic problem and out-
side the scope of this report. For information on the optimum
spacing of wells the reader is referred to Theis (1963, p.
113-117). Where pumping costs are the sole or major eco-
nomic factor it may be desirable to space wells so there is a
minimum of interference between wells.

The graph below shows the various drawdowns at different
distances from a well pumping 1,000 gpm in an aquifer having
a coefficient of transmissibility of 180,000 gallons per day per
foot and a storage coefficient of 0.15.
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A pumping test was not run in this area, however the
values used for the coefficient of transmissibility and the
coefficient of storage in the preparation of the graph are
based on tests run elsewhere in the Missouri River alluvium.
The coefficient of transmissibility used here is based on a
permeability of 3,000 gallons per day per square foot and an
average saturated thickness of 60 feet. For an explanation
of aquifer test theory and the assumptions upon which they
are based see Ferris, and others, 1962.

It should also be noted where wells are closely spaced and
pumped more or less continuously it is possible to lower the
water level in the aquifer below the bottom of nearby
shallower wells causing them, at least temporarily, to go dry.
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methods of well operation. Since the decrease in pressure
drop as water moves into the well is indirectly the principal
cause of encrustation, well operating practices which cause

1U.S. Public Health Service, Drinking Water Standards, revised, 1962.

2Varies with annual average of maximum daily air temperatures and ranges downward from
1.7 mg/1 (ppm) at 10.0° C (50° F) to 0.8 mg/l (ppm) at 32.1° C (90.5° F). The optimum concentration
is from 1.2 to 0.7 mg/1 (ppm).
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1969 MAGNETIC DECLINATION FROM TRUE NORTH FOR THIS SHEET VARIES FROM 6° EASTERLY
FOR THE EAST EDGE TO 6%° EASTERLY FOR THE WEST EDGE

Water from alluvial deposits in this reach of the Missouri
River is characterized by a high hardness and iron content.

INTERIOR—GEOLOGICAL SURVEY, WASHINGTON, D.C.—1969—W69063

RECONNAISSANCE OF THE GROUND-WATER RESOURCES OF THE MISSOURI RIVER ALLUVIUM BETWEEN JEFFERSON CITY AND MIAMI, MISSOURI

By
L. F. Emmett and H. G. Jeffery

1969 For sale by U.S. Geological Survey, price 50 cents




