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AREA OF THIS REPORT

INTRODUCTION
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The report area is the flood plain of the Missouri River
from river mile 263 near Miami to river mile 372 near Kan-
sas City. Flood-plain width varies from 2 to 10 miles, and
has a total surface area of approximately 440 square miles.
Underlying the flood plain are clay, silt, sand., and gravel
deposited by the river. The saturated sand and gravel,
which is hydraulically connected with the river, constitutes
a large and productive aquifer, which for the most part is
presently underdeveloped.

PURPOSE AND SCOPE

The purpose of this hydrologic atlas is to describe the
thickness, areal extent, and lithology of the alluvial deposits
along the Missouri River between Miami and Kansas City,
Mo., and to provide information on the occurrence, avail-
ability, use, and chemical quality of the water contained in
the alluvial aquifer.

PREVIOUS INVESTIGATIONS

Fishel, Searcy, and Rainwater (1953) in a water-resources
study of the Kansas City area found that the average
yield for wells in that area was about 980 gpm (gallons per
minute) and the average specific capacity about 60 gpm per
foot of drawdown. They also report the results of two
pumping tests that indicate the water-bearing alluvial de-
posits have a coefficient of permeability of about 3,000 gal-
lons per day per square foot.

The area adjacent to this reach of the Missouri River
flood plain is in what the Missouri Geological Survey refers
to as the saline ground-water province. Fuller and others
(1967, p. 295) define this province ‘...as that area in which
the total dissolved solids exceed 1,000 parts per million in
consolidated aquifers capable of yielding adequate water
volumes to municipalities or industries. This does not pre-
clude the existence at shallower depths of fresh ground
water in sufficient volume to meet municipal, industrial,
and domestic needs from the alluvium and glacial drift.
Supplies of 5 to 10 gallons per minute can usually be ob-
tained in this area from Pennsylvanian sandstone and Mis-
sissippian limestone at depths ranging from 250 to 400 feet.”
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GEOLOGIC SETTING
ALLUVIUM

The river that carved the Missouri Valley also partially
filled the trough with alluvium consisting of sand, gravel,
silt, and clay. In general, the lower part of the alluvium is
made up of coarse sand and gravel; the upper part is fre-
quently composed of fine sand, silt, or clay. Variations in
thickness of the allu\'/ium,are controlled by irregularities in
the bedrock surface. Based on available test-hole data the
maximum alluvial thickness in this reach is 143 feet, and
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the average thickness is about 85-90 feet. The average sat-

urated thickness is about 70 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 that are located on the map but not accom-
panied by a strip log may be obtained from the Missouri
Geological Survey and Water Resources, Rolla, Mo.

BURIED VALLEYS

Heim and Howe (1962) show the location of several
buried valleys along this reach of the Missouri River. These
filled valleys, which are potential sources of ground water,
apparently are in hydraulic connection with the Missouri
River alluvium.

TERRACE DEPOSITS

The Teteseau terrace is in the northwestern part of Saline
County. Its northwest-facing scarp is 50 to 60 feet high and

is sharply outlined by Missouri River undercutting. Bretz
(1965) believes the terrace ““...undoubtedly was constructed
by Missouri Valley water flowing down Salt Fork either
before the Dewitt-Miami narrows existed or when they were
blocked by glacial ice. The undissected surface suggests
the latter date.”” Whatever the origin of the terrace it ap-
pears that the sand and gravel underlying it is in hydraulic
connection with the sand and gravel underlying the flood
plain (see geologic section A-A’). Although gravel is not
present in this section (A-A'), it has been reported from
wells drilled in the terrace. One city, Marshall, obtains its
water supply from wells drilled in the terrace deposit. This
old channel is clearly shown on the map by Heim and Howe
(1962).

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. Loess on the other hand is a homogeneous
deposit of silt-size particles. In places these materials ob-
scure 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 or is contained
by a relatively impermeable bedrock barrier. A more de-
tailed study would be needed to determine this in certain
areas.

BEDROCK
The bluffs and rounded hills which border the Missouri

River flood plain between Miami and Kansas City, Mo.,
are composed of shale, limestone, and sandstone. The same
types of rocks also underlie the alluvium and form the rock
surface upon which the alluvial 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 Fuller (1962) and Knight
(1962). A map by Heim and Howe (1962) shows by con-
tours the configuration of the bedrock surface of north-
western Missouri.

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 streams,
either from overbank flooding or sustained high-river stage:

some comes from direct penetration of rainfall. A still
smaller amount may be underflow from bedrock aquifers.

The main ground-water discharge is effluent seepage into
the Missouri River. Other discharge may be attributed to
evapotranspiration 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 (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 piezometric contours on the accompanying_‘map
show the general shape of the piezometric surface for Octo-
ber 1967. Arrows drawn at right angles to the contours and
pointing in the direction of decreasing altitude would show
the direction of movement of the ground water. At this
particular time 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 movement
may be reversed, especially in the area close to the river.
The aquifer would then be recharged by the river. The geo-
logic sections show the maximum amount of fluctuation
in the piezometric surface observed over a l-year period.
In general, the greatest amount of fluctuation occurs nearest
to the river.

GROUND-WATER USE

Eleven cities pump approximately 13.6 million gallons
of water per day from the alluvial aquifer in this reach of
the river. Industrial use of ground water is confined to the
Kansas City area and amounts to about 13 mgd (million
gallons per day). A rough approximation of water used
for irrigation is about 1.25 mgd. Combined municipal,
industrial. and irrigation use amounts to about 28 mgd; 85
percent of this is pumped from the alluvium between Kan-
sas City and Independence.

WELL YIELDS

Municipal wells in this area are pumped at rates of less
than several hundred gallons per minute (some are pumped
at less than 100 gpm) but generally are capable of much
greater yields. For example a well in the Liberty, Mo., well
field reportedly was pumped at a rate of 1,250 gpm for 6
hours resulting in a drawdown of 15.3 feet. This gives a
specific capacity of about 80 gpm per foot of drawdown for
this well. Irrigation wells in the area have reported pumping
rates of around 1,000 gpm, and specific capacities ranging
from 50 to 150 gpm per foot of drawdown.

QUALITY OF THE WATER
Water in alluvium in this reach of the valley is a calcium

bicarbonate type, characterized by a high hard h

iron content. The di?(i@;_sgli_ds content, ranging from
about 275 to about 1,000 mg/1 (milligrams per liter), is vari-

able over the area, and the amounts are controlled primarily
by the length of time the water has been in the aquifer and
the solubility of the aquifer material through which the
water has moved. Calcium and bicarbonate are the principal
constituents dissolved in the water, but magnesium and, at
most locations, sulfate are also a significant part of the dis-
solved solids. The amounts of sodium, potassium, chloride,
fluoride, and nitrate are small but at a few places sodium is
as much as 33 percent of the cations. Occasionally the
higher sodium content is accompanied by a decrease in silica

content indicating a different mineralogical environment.

Bar diagrams showing areal variations in chemical char-
acteristics are shown on the map. Representative chemical
analyses of water in this stretch of the alluvium are shown
in the table along with the maximum, minimum, and median
values for the area. Also shown on the table are the maxi-
mum concentrations recommended by the U.S. Public
Health Service for potable water. These standards serve as
criteria for evaluating the water for municipal and domestic
uses.

Bacterial quality of the ground water was not evaluated
during the present study. Thus, the following remarks per-
taining to suitability of the water are restricted to an evalua-
tion of chemical data and do not indicate the sanitary condi-
tion of the water.

Domestic and Municipal Use.—A comparison of the
maximum, minimum, and median concentrations of con-
stituents dissolved in water in the alluvial deposits with the

maximum limits recommended by the U.S. Public Health
Service for drinking water shows that the concentration
of most constituents are within the recommended maxi-
mum limit. The iron and manganese content of the water
exceeds the maximum limit and treatment to effect the re-
moval of the ions would be desirable. The maximum sul-
fate content also exceeds the maximum recommended limit
but the median value of 36 mg/l indicates that the sulfate
content is generally below this level.

Hardness of water, although not considered in the drink-
ing water standards, is an important characteristic to
domestic and municipal users. The minimum value for
hardness indicates that water in the alluvium is very hard.
Nordell (1961) states that excessive hardness in the water
may scale up water heaters and hot water piping, causing
reduced flows and eventually such serious clogging and
burnouts that expensive repairs and replacements are re-
quired. Also, hardness wastes large amounts of the soap
used in laundering and deposits insoluble calcium and mag-
nesium soap curds in the laundered materials. These curds
prevent thorough cleansing resulting in ‘tattletale gray”
and rancid odors on standing. They also tender and em-
brittle the fibers thus greatly shortening the fibers useful
life.

Industrial Use.—The cool and fairly uniform tempera-
ture, about 13 to 16 degrees Celsius, of the water makes it
especially desirable for cooling uses in industrial operations.
However, calculations of the Langlier saturation index
(Nordell. 1961) indicates that the water has a tendency to
precipitate calcium carbonate, and an increase in the water
temperature would increase this tendency, so that some
treatment might be necessary depending upon the type of
cooling system. Because the quality requirements for in-
dustrial process water vary greatly between industries and
between plants within the same industry, it is generally im-
practical to evaluate water quality for a specific industrial
use. The illustration comparing the water-quality require-
ments for selected industries with the quality of water from
the alluvial aquifer is indicative of the degree of treatment
necessary to make the water suitable for some industrial
uses.

Irrigation Use.—Rainfall is generally adequate to sup-
ply the moisture needed for growing crops in the area, but
some supplemental irrigation, utilizing water from the allu-
vium, is practiced during short periods of deficient rainfall.

Based on indices developed by the U.S. Salinity Laboratory
Staff, 1954, (see diagram below) water from the alluvium
has a low sodium hazard and a medium to high salinity haz-

‘ard. Wilcox (1955) states that water of these classifications

can be used for supplemental irrigation with little danger to
any but the most salt-sensitive crops. Corn, alfalfa, and
soybeans, which are the principal crops grown in the area,
are moderately tolerant to salinity, and supplemental irri-
gation of these crops with water from the alluvium would be
satisfactory.
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DEVELOPMENT OF THE GROUND-WATER SUPPLY
POTENTIAL YIELDS

The alluvial aquifer receives an undetermined but prob-
ably large amount of recharge from the river during over-
bank flooding and during sustained high-river stage. In
addition to recharge from the river it is estimated that an
average of 6 inches of the 36 inches of annual precipitation
recharges the aquifer. This amounts to about 126 mgd. The
average saturated thickness of 70 feet and average effective

porosity of 15 percent indicates_that approximately 1,000

billion gallons of water is in storage at all times. ‘When the
average recharge from precipitation and the large but un-
determined amount of recharge from the river, plus the
water in storage is contrasted with the 28 mgd withdrawn
from the aquifer, it is obvious only a small fraction of the

available water is being utilized.

The amount of water available from the aquifer can be
increased in some areas by locating a well so that it induces
recharge from the river. The amount of recharge induced
from the river by the pumping well will depend upon the
character of the river bed. the distance of the well from the
river, the rate at which water can move through the aquifer,
the rate of pumping, the amount of natural recharge to the
aquifer, the direction of natural ground-water movement,
the river stage, and the temperature of the water.

The advantages are numerous for a ground-water supply
developed through streambed infiltration over a supply
pumped directly from a stream. The infiltrated water will
have a more nearly uniform chemical quality and tempera-
ture than that of surface water. Objectionable odors and
tastes will be removed and water will generally be free of
bacterial contamination and turbidity (Rorabaugh, 1963,
p. 52.55-56,61).

The advantages of an Lq_fjl_t;miwatg supply over a con-
ventional ground-water supply are the availability of more
water, with less drawdown and consequent reduced pump-
ing costs.

Rorabaugh (1963, p. 51) lists 17 facts that need to be
known in planning an infiltrated water supply and states
that ““...the planning of a water supply that is to be depen-
dent on induced percolation through a streambed requires
extensive knowledge of not only the hydrology of the basin,
but also the geologic and ground-water conditions in the
vicinity of the proposed installation.”

POTENTIAL PROBLEMS IN DEVELOPING A WELL OR
WELL FIELD

The chief problems that may be encountered in devel-
oping a well or well field in the alluvial aquifer are encrus-
tation of well screens and excessive drawdowns caused by
placing wells too close to each other.

The precipitation of calcium and iron carbonates prob-
ably is the major cause of well-screen encrustation problems
in the area. Calculations of the Langlier carbonate sat-
uration index (Nordell, 1961) indicate that the water in
the alluvium has a tendency to precipitate carbonates,
and, where well-screen encrustation is a problem, it is
likely that the drop in pressure that occurs around the
well screen during pumping causes some carbon dioxide
to leave solution, thus permitting some carbonates to pre-
cipitate. The accumulation of these precipitates eventu-
ally lessens the well yield.

Although well encrustation cannot be completely elim-
inated its effects can be delayed or minimized by control-
ling the methods of well operation. Because the decrease
in pressure as water moves into the well is indirectly the
principal cause of encrustation, well-operating practices
that cause the least pressure drop will delay the rate of
encrustant accumulation. These practices are (1) develop-
ing the well to its maximum capacity then pumping it at
a rate somewhat less than its developed capacity, (2) re-
ducing the pumping rate and pumping more continu-
ously or, (3) increasing the number of wells pumped and
pumping them at a lower rate.

The accompanying graph shows the time-distance-draw-
down relation for a discharge of 1,000 gpm from an aquifer
having a coefficient of transmissibility of 210,000 gpd (gal-
lons per day) per foot and a storage coefficient of 0.2.
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An aquifer test was not run in this area; 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

coefficient of permeability of 3,000 gallons per day per
square foot and an average saturated thickness of 70 feet.

For an explanation of aquifer test theories and the assump-
tions upon which they are based see Ferris, and others,
1962.

It should also be noted that in some areas where wells
are closely spaced and extensively pumped it is possible to
lower the water level in the aquifer below the bottom of
shallow wells causing them, at least temporarily, to go dry.
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1 U.S. Public Health Service, Drinking Water Standards, revised 1962

2 Varies with the annual average of maximum daily air temperatures and ranges downward from 1.7 mg/l at 10° C to 0.8 mg/] at 32.1° C. The optimum concentration is from 1.2 to 0.7 mg/1.

¢ Estimated from specific conductance
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