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WATER RESOURCES OF

THE ST. lOUIS AREA. MISSOURI

ABSTRACT

Water supplies in the St. Louis area, Missouri,
Ofe available from streams and from bedrock and
alluvial aquifers that underlie the region. or the 12ao
million gallons of water used doily, about 82 percent
Is pumped from the Mississippi RIver and about 15
percent from the MISSQUrl and Meramec Rivers.
Approximately two-thirds of this pumpoge is used for
cooling in the generation of electric power. The
bedrock ond alluvial aquifers account for 1 and 2
percent of the total pumpoge, respectively.

The bedrock oquifen OTt! primarily dolomite
and limestone with one notable exceplion, the St.
Peter Sondstone. Wells finished in these aquifers
furnish water to 22 towns, 7 rural water-supply
districts ond most households not served by a centrol
water supply. The principal bedrock aquifers ore the
St. Peter, the Roubidoux, the Gasconade, and the
Potosi.

Wells yielding more than 50 gpm (gallons per
minute)ofpotable water can be developed In bedrock
aquifers In the western one-third of St. Charles
County, the extreme western port ofSf. Louis County,
and the southwestern three-fourths of jefferson
County. In these areas, wells finished In the Potosi
Dolomite have yielded a maximum of500 gpm, while
others finished In the Gasconade and Roubldoux
Formations hove yielded a maximum of 300 gpm.
Yields of 140 gpm have been reported from wells
topping the St. Peter Sandstone.

Only a small percentage of the water available
in the alluvial aquifers of the area is being used.

Areas having the greatest potential for development
of ground water are in the Mississippi and Missouri
River floodplains. Wells reportedly yielding as much

as 3,000 gpm have been drilled in the MississippI
River floodplain in St. Charles County. A yieldofover
2,500 gpm has been measured from a well In the
Missouri River floodplain. In the Meramec River
floodplain, municipal and industrial wells at Valley
Pork are capable of yielding as much as 500 gpm,
while a few miles downstream the dry of Kirkwood
has a collector well capable of pumping 2.6 mgd
(million gallons per day). Water from the alluvial
deposits generally is a very hard caldum-magnesium­
bicarbonate type with iron and mon!JOn~ content
commonly being high. Soline water has moved
upward from the underlying bedrock into the alluvial
aqUifers at Valley Pork and Times Beoch in the
Meramec River volley and in the Mississippi River
valley neor St. Peters. This upward leokage may be a
naturally occurring phenomenon, but part of it
probably is through boreholes of abandoned deep
.veils or test holes.

The median 7.<fay low flows ofsmall unregulated
tributary streams gef1f;rally range from 0 to 0.005 ds
(cubic feet persecond) per square mile in the northern
two-thirds of the area and from 0.02 to 0.05 cfs per
square mile elsewhere. These values can be as high as
0.3 efs per square mile in urban areas because of
augmentation from se""'Ogt treatment plants. Because
the natural low flow of many of these tributary
streams is less than 0.5 efs, an Influx ofpoor-qualiry
effluent, even though in small amounts, will be
enough to seriously degrade the water quality in
the stream.

Except for larger streams such as the Meramec,
Big, and Cuiwe Rivers, storage facilities would be
required to develop dependable surface-water supplies

1
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In the tributary basins. The principal foctors limiling
future development will be a lock ofnotural sustained
low flows and tire quality of the water, which Is often
Io'f'ty poor in urbanized areas and requires extensive
treatment prior to use.

Flooding can occur In the orea during all
months, but Is most common in the March-through­
July period. Many of the larger floods on record
'Were caused by intense, 10CIJI summer thunderstorms.
Analysis of data from on urbanized basin In the area

indicates that peak flows ore Increased at least
one-(Jnd-(J-holfto two times by slgnifiClJnt urbanizallon.

quality ofsurface woter varies from good in the
tributary streams of southern Jefferson County to
very poor in the highly urbanized areas. The mojor
sources of surface-water supplies are the Missouri,
MIssissippi and Meromec Rivers. Except for water used
for once-through cooling, extensive treatment of
woter from these streams Is required prior to use for
domestic and most manufacturing purposes.

INTROOUCTION

PURPOSE AND SCOPE

A consistent pattern of rapid growth during the
past two decadeshas increasingly concentnned people
and activities around metropolitan areas such as St.
louis. This concentration has caused a multitude of
problems with some of the most pressing being in the
field of water resources, where coordinated planning
is essential to optimum mangement.

The purpose of this report is to summarize and
interpret hydrologic data presently' available for St.

COOPERATION AND ACKNOWLEDGMENTS

This report is the result of a cooperative study

conducted by the Missouri Geological SuMlY and
Water Resources (Or. William C. Hayes. State Geologist
and Director, succeeded by Dr. Wallace B. Howe) and
the U.S. Geological Survey (Anthony Homyk, District
Olief, Missouri Districtl.

Appreciation is expressed to the Missouri Clean
Water COl"flmission (formerly the Missouri Water
Pollution Board), the City of St. Louis (Water
Division), and the St. louis County Water Company
for their assistance in the collection of water-quality
information.

Thanks are also due the State Hi!tlway Depart-
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louis, St. Charles and Jefferson Counties; to evaluate
the water resources of the area; and to relate water
needs to available supplies.

A generalized description of the hydrologic
effects of urbanization in the area is also presented.
Data now being collected on small urban and rural
streams in St. louis CountY will eventually provide
more precise design data for use by urban planners
and water managers.

ment, drilling contractors, and many homeowners
who furnished information and helped in collecting
supporting data.

The authors drew heavily on hydrogeologic
data collected over a period of many years by the
Missouri Geological Survey and Water Resources. Of
particular value were the extensive well·log files
accumulated by the Missouri Geological Survey
through the cooperation of many vvell-drilling con­
tractors throughout the state and data obtained
through a continuing cooperative stream.gaging pro·
gram between the MiSSO\Jri Geological Survey and the
U.S. Geological Survey.
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GEOGRAPHY

The study area (fig. 1) is in a part of eastern
Missouri which inctudes the confluence of two of the
nation'S largest rivers - the Missouri and the
Mississippi. A diversity of land forms and drainage
features are included in the area encompassed by
St. Louis, St. Charles and Jefferson Counties.

The area lies within two physiograph ic provinces.
The northeastern two-thirds of $1. Charles and St.
Louis Counties and the extreme northeastern part of
Jefferson County, adjacent to the Meramec River, lie
within the Dissected Till Plains. The remainder of the
area lies within the Salem Plateau of the Ozarks
(Fenneman, 1946).

The Dissected Till Plains is gently undulating.
with altitudes ranging from 500 to 700 feet. The
morainal topography seen over much of the adjacent
glaciated areas is noticeably lacking here. This par­
ticular area was glaciated twice during the Pleistocene,
but the till deposits are thin and dissected.

The topography developed in the Ozarks pro­
vince of the study area is submature to mature. The

WELL LOCATION SYSTEM

Wells used in this report are located in accor­
dance with the Bureau of Land Managemtrlt Survey
system, in this order: township, range, section,
quarter section, quarter-quarter section and quarter­
quarter-quarter section (lO-acre tract). The sub-

uplands may be broad flats, but are generally
thoroughly dissected while most of the divides are
narrow and irregular. Topographic slopes are locally
reflections of the regional dip of from 60 to 80 feet
per mile to the northeast. Variations in hardness of
the Paleozoic rocks are shown by escarpments on the
more resistant formations. These escarpments face
southwestward, more or less parallel to the Ozark
uplift (Marbut, 1896). Altitudes in the Ozarks range
from 650 to 1,000 feet, except in the stream valleys
where altitudes are from 400 to 650 feet.

All runoff from the land surface in the area
eventually reaches the Mississippi or Missouri Rivers
through a network of tributary streams that form a
dendritic drainage pattern (fig. 2). The floodplains of
each of these two great rivers are as much as 11 miles
wide in some places and are bordered by loess-covered

uplands.

Practically all of the area is shown on modern
7%-minute topographic maps (fig. 3). The balance
has i5-minute topographic map coverage.

divisions of a section are designated a, b, c, and d in
counterclodwise direction beginning in the northeast

quarter. If several wells are in a lO-acre tract, they
are numbered serially after the above letters, and in
the order in which they were inventoried (fig. 4).

GEOLOGY

It is beyond the scope of this report to describe
in detail the stratigraphic and structural setting of the
study area. It will be necessary, however, to acquaint
the reader with the rock units and their structural
attitudes so that references to these rocks as aquifers

4

can be understood. Numerous published and unpub­
lished stratigraphic studies have been made in this
area and the reader is referred to these (Stout, 1969,
p. 50-57) for more detailed geologic information.
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Table 1

Generalized stratigraphic column for St. Louis,

St. Charles, and Jefferson Counties, Missouri
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WATER RESOURCES OF THE Sr. LOUIS AREA, MISSOURI

STRATIGRAPHY

The stratigraphic sequence consists primarily of
limestone and dolomite which were deposited, for the
most part, in shallow epicontinental seas. Rocks range
in age from Precambrian to Holocene. A composite
stratigraphic section showing these rocks and their
water-bearing properties is given in table t. The
Precambrian rock.s, the Lamotte Sandstone, and the
lower part of the Bonneterre Formation are the
only units that do not crop out in the area; they are,
however, present in the subsurface. Many periods of
emergence, nondeposition or erosion are implied by
the disconformities and local unconformities observed
in surface exposures and well data. These breaks in
the stratigraphic record are shown in table 1 by wavy
lines.

Many of the stratigraphic units are not present
locally; consequently, no wells penetrated all the
formations shown in table 1. Formations penetrated
vvhile drilling a well depend on the geographic
location. For example, wells drilled in southern
Jefferson County start lower in the stratigraphic
section and hence do not penetrate many of the
formations shown in table 1.

STRUCTURE

The present structural attitude of the rock
units is the result of compressional, tensional and
uplifting forres which moved and altered the units
from their original depositional positions. These
forces have folded, fractured, faulted, and tilted
the rocks in the study area, and the resulting
structures are superimposed on a regional dip or

The only deposits of Cenowic age having
significant water·yielding properties are the water­
saturated sands and gravels in the alluvium. It is
possible that the basal portion of part of the fill in the
large valleys is actually of Pleistocene age (Bergstrom
and Walker, 1956, p. 31). However, since no attempt
has been made to differentiate the valley fill as to
age in this report, it is referred to as alluvium.

Alluvium underlying the floodplains and terraces
of the Mississippi, Missouri and Meramec Rivers
exteods over 277 square miles in the three-county
area. The thickness of the alluvium is variable because
of irregularities in the bedrock surface upon which it
was deposited. The maximum known thickness of
alluvium (150 feet) was penetrated by a test hole
drilled in the Columbia Bottoms near the mouth of
the Missouri River. The areal extent and the thickness
of the alluvium at selected points is shown in figure 5.
Thealluvium is composed of clay ,silt"sand and gravel.
In general, the alluvium becomes coarser-grained with
depth. It is this deeply buried,coarser-grained material
which, when well-sorted and water-saturated, com­
prises the most water·productive part of the alluvial
aquifer.

large-scale tilting of the rock units of from 60 to 80
feet per mile to the northeast. Figure 6 shows some
of the major structures in the St. Louis area.

The reader is referred to McCracken (1966) and
Trapp (1961, unpublished data) for a more complete
description of the structures in the St. Louis area.

SOURCES OF WATER

St. Louis, near the confluence of the Missouri
and Mississippi Rivers, is well situata::! with respect to
surface-water supplies. In addition, the area has the
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benefit of the Meramec River, wh ich carries a large
flow of good-quality water to Ihe Mississippi just
south of St. Louis. These rivers furnish nearly all of
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WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

the water used in the three counties while their
tributary streams are used for recreation or waste
transportation. In addition to surface-water sources, a
large amount of water is available to the area from

GROUND WATER

Large amounts of fresh water are stored in the
bedrock and alluvium underlying the area. Water
occurs in the bedrock along fractures and bedding
planes as well as in solution openings in the limestone
and dolomite, and in voids between the grains in
sandstone. Shale is generally impervious to the
movement of water and is usually not a source of
supply. The availability of water from bedrock
depends upon the amount of fracturing and solution
which the rocks have undergone and the degree to
which these openings are interconnected. Water in

the underlying rocks. Though some ground water is
too mineralized to use, much is fresh and of good
quality. Little of the ground water in storage is used.

the alluvium occurs in the openings between the
individual sand and gravel particles of which the
aquifer is composed. The availabilitY of water from
the alluvium depends upon the degree of sorting of
the material, its saturated thickness, its hydraulic
connection with a surface-water source, <rid infittra·
tion of rainfall.

Locations of wells and test holes used for
compiling hydrogeologic data for this report are
shown on plate 1.

AQUIFERS

Most wells drilled into bedrock in the study
area are left open below a certain casing depth. This
casing depth is determined by the presence and
degree of weathering, and by connections with
surface·water sources. Individually, many of the
rock units shown on table 1 yield only small
amounts of water. Collectively, however, these units
may yield sufficient water to supply the needs
of most water users. For this reason, it was considered
practical to treat large sequences of both water­
bearing and non·water·bearing rocks as one large
aquifer or aquifer group. The bedrock units are thus
assigned to five groups based on similar lithologic
characteristics. geographic distribution, and overall
similaritY of water qualitY. Also of prime importance
are the presence of confining beds at aquifer group
boundaries and the presence of thick sequences of
rock which, although not to be considered confining,
yield very little water to wells (see table 1).

Group 1 (Post·Maquoketa) includes all bedrock
units above the Maquoketa Shale, which probably
actsasaconfining bed in the study area. Pennsylvanian
rocks at the upper boundary of Group 1 are
relatively impermeable and yield very little water to
wells. Group 2 (Kimmswick.Joachim) includes all

12

aquifers between the base of the Maquoketa For·
mation and the base of the Joachim Formation.
The Joachim is not considered to be a good aquifer
in other parts of the state and, although it is not a
confining bed, it probably does not yield water in
quantities large enough for it to be considered an
aquifer.

Group 3 (St. Peter·Everton) includes the St.
Peter Sandstone and the Everton Formation. Group
4 (~owell·Gasconade) includes all units in the Canadian
series of Early Ordovician age. The lower part of the
Everton Formation and the upper three units of the
Canadian (powell, Colter, and Jefferson City Dolo·
mites) are not prolific water·bearing units. Small
supplies can be developed in these units, but they
are subject to failure during extended periods of
drought or sustained pumping.

Group 5 (Eminence-Lamotte) includes all units
below the base of the Gasconade Dolomite. The
Eminence Dolomite is similar to the upper three
units of the Canadian Series in its water·bearing
characteristics and hence constitutes a good boundary
marker between more prolific aquifers. Figure 7 is a
geologic map showing the distribution of the aquifer
groups discussed above.
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Major alluvial aquifers in the area are the
water-saturated sands and gravels in the basal p...-t of
the alluvium underlying the floodplains of the Missis­
sippi, Missouri and Meramec Riven. Water-bearing
sands and gravels also underlie the floodplains of the
Big River and other perennial streams of the area.
Records of well yields from these relatively thin
alluvial deposits are not available, but it is believed
that yields would generally be small to conventional
vertical wells because of less saturated thickness.

The alluvial deposits are composed of varying
proportions of day. silt, sand, and gravel. The valuo
of the alluvium as a source of water depends on its
thickness and the size and sorting of the materials.
The greater the proportion of clay, silt and fine sand,
the poorer the aquifer would be. Conversely, well·
soned, clean sands and gravels would yield large
quantities of water.

GROUNDWATER RECHARGE

The bedrock aquifers receive recharge from
precipitation falling directly on the area. The amount
of recharge from precipitation depends upon the
general configuration and physical character of the
land suriace, the amount and type of vegetation, the
distribution and quantity of precipitation, wld the
composition and moisture content of the soil and
underlying rock. Movement of water from the soil
and subsoil into the bedrock takes place along
fractures and solution openings in the rock.

In areas where bedrock is exposed at the
surface, conditions are not as favorable for recharge
as in areas where the bedrock is not exposed.
Recharge to the groundwater reservoir in the bedrock
outcrop area is minimal and almost al of the
precipitation leaves the area directly as runoff.
Shallow bedrock aquifers that are hydraulically con­
nected with the rivers also receive recharge from
natural infiltration of the rivers during sustained
high-river stage and flooding.

Alluvial aquifers in the area are recharged by
infiltration of stream water during sustained high­
river stage and flooding, by direct precipitation.
and by underflow from underlying and adjacent
bedrock.

Recharge from precipitation to the hydro­
geologically-similar East $t. Louis alluvial area, ad­
jacent to the study area, has been estimated to be 65

Sources Of Water

Because of the scour-and-fill method of depo­
sition, alluvial deposits may vary considerably in
sorting and texture within a small area. This is
readily apparent in a comparison of geologic sections
(fig. 8) of the Mississippi and Missouri Rivers with
sections of the Mer-arnec River. This variability
points up the need for adequate test drilling prior
to any large-scale development of ground water from
the alluvium.

Geologic logs of some of the more favorable
sites for potential groundwater development in the
alluvial areas are included in Appendix 1, and their
locations are shown on plate 1. Geologic logs of many
of the wells shown Of] plate 1 are available in the
files of the Missouri Geological Survey and Water
Resources.

mgd (million gallons per day) for 175 square miles
(Schicht, 1965, p. 461. Schicht also estimated the
average rate of subsurface flow of water from the
valley wall to be 329,000 !J)d/mi (gallons per day per
mile). If the Mississippi. Missouri and Meramec Rive'"
alluvium in the study area were to receive recharge
from precipitation at a rate comparable to that
estimated for the East St. Louis area, it would
amount to approximately 100 mgcl. However, because
pumpage from the alluvium is not sufficient to lower
water levels and make more storage area available,
not alt of the potential recharge enters the aquifer.

The sum of these sources, recharge from pre­
cipitation and underflow from the underlying and
adjacent bedrock, theoretically is the amount of
water that can be pumped from the alluvial aquifers
without causing an overdraft or recharge from the
rivers. This information is presented only to show
the magnitude of the potential yield from alluvial
aquifers by natural recharge alone.

AA alluvial aquifer may also receive redlarge
from the river when large<apacity wells lower the
water level in the aquifer so that the natural ground­
water flow toward the stream is reversed. This causes
water to move from the stream through the aquifer
to the wells. Such induced rechargP. occurs in the
Meramec Rive'" alluvium at Times Beach and in the
Valley Park-KirKwood area. Induced recharge un­
doubtedly occurred in the Missouri River alluvium
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when the well field of the Weldon Springs Ordnance
Plant was in operation (Emmett and Jeffery, 19681.
Areas of induced recharge occur in the Mississippi
River alluvium in Illinois ($chicht. 1965, p. 47) and
in at least one local ion (Crystal City) in Missouri.
Undoubtedly there are many other areas in the
Mississippi River alluvium in Missouri where induced
recharge could take place. If extensive development
of the alluvial aquifers were to take place in the

GROUNDWATER MOVEMENT

The direction of groundwater movement can be
determined for any specific time from the configura­
tion of the groundwater surface on a potentiometric
map. Such a map is shown in figure 9. Ground water
moves in a direction that is down gradient and ;,it
right angles to contours on the potentiometric surface.

Wells drilled into the bedrock aquifers in the
study area encounter confined. or artesian, ground
water. The hydrostatic pressure, or "head", in these
aquifers raises the water level in tile welt above the
point where it was first encountered in drilling.
Any movement of ground water is from areas of
higher hydrostatic pressure to areas of lower hydro­
static pressure.

Potentiometric maps of bedrock aquifers could
only be constructed in geographically restricted
areas because of the manner in which bedrock wells
in the study area are constructed. In most instances
wells penetrate more than one aquifer group and each
aquifer group has a separate and distinct potentia-

GROUNDWATER DISCHARGE

Water recharged to the groundwater body
moves down gradient in the direction of the slope of
the potentiometric surface until it moves out of the
study area or is discharged by natural or artificial
means. Discharge is acoomplished by evaporation.
plant transpiration, discharge by springs, seepage
into streams. or by pumpage from wells. Over long
periods of time, discharge is balanced by recharge,
and water levels are not drastically affected.

Sources Of Water

study area. sustained pumping would depend upon
induced recharge from the rivers.

Data were not available to determine induced
infiltration rates of streams in the study area.
However, $chicht (1965, p. 11, from analysis of
aquifer tests in the East St. Louis, 111. area. found
that the infiltration rale of the Mississippi River bed
ranged from 37,500 to 344,000 91Xtlacre/ft (gallons
per day per acre per foot).

metric surface. It is probable, however. that some
hydraulic connection exists between aquifer groups in
the study area. Movement of ground water between
aquifers due to head differences in the units occurs
in areas where sufficient permeability exists at
contacts between units.

Movement of ground water in the alluvial
aquifers is generally toward the maior streams with
vmich they are hYdraulically connected (fig. 9),
except where the movement is reversed during floods
or sustained high-river stages, or by high-capacity
wells pumping close enough to the river to induce
recharge. An example of wells causing induced
recharge is found in the Valley Park-Kirkwood area
lfig. 10).

The groundwater surface in the alluvial aquifer
fluctuates in response to changes in the river stage
and to variations in precipitation and pumpage from
wells. Figure 8 shOW'S maximum and minimum water
levels measured in selected parts of the alluvial
aquifers during this investigation.

An undetermined amount of discharge from
deeper aquifers into shallower aquifers is taking
place in the study area. In areas such as Valley Park.
where deep wells have been improperly cased or
where casings have deteriorated, mineralized water
from deeper aquifers has moved up into shallower
horizons and, where head differences permit. some
water is undoUbtedly moving from shallow aquifers
into deeper ones thro~wells.
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WELL YIELDS AND AQUIFER CHARACTERISTICS

All bedrock units are locally capable of yielding
water in varying amounts to wells. Yields of wells
are dependent, of course, on such factors as depth,
length and diameter of the open hole; formations
penetrated; geographic location (p. 10); structural
attitude of the rock; and permeability of the aquifers
tapped. Because of the stratigraphic complexity of
this area and probable interformational movement of
the water, it is difficult to define parameters which
describe yield capabilities of individual aquifers. It
is possible, however, to use data from wells penetrating
various aquifer combinations to arrive at conclusions
about the more important water-bearing units in the
study area.

A reliable measure of the productivity of a
well is its specific capacity. This is the discharge of
the well expressed as a rate of yield per unit of
drawdown, generally in gallons per minute per foot
of drawdown.

Specific capacities and yields of wells penetrat­
ing aquifers or groups of aquifers are shown in table
2. Higher specific capacities for wells in bedrock
are apparent in the western part of the study area
and in the south-central part of Jefferson County
because higher·yielding units are penetrated by the
wells. On the average, wells penetrating Groups 3
and 4 aquifers (St. Peter Sandstone through the
Gunter Member of the lower part of the Gasconade
Dolomite) had yields significantly higher (loo+gpm)
than wells finished in aquifer Group~ 1 (Post­
Maquoketa) or 2 tKimmswick-Joochim) which were
from 3 to 50 gpm. Many wells started in aquifers
in Groups 1 or 2 and finished in aquifers in Groups
3 or 4 had better yields than those actually finished
in aquifers in Groups 1 or 2. The yields of wells
opened only to aquifers in Group 5 (Eminence­
Lamotte) were inconsistent, ranging from less than
10 gpm to as much as 400 gpm.

Wells penetrating the St. Peter Sandstone of
Group 3 aquifers, the Roubidoux and Gasconade
Formations of Group 4 aquifers and the Potosi
Dolomite of Group 5 aquifers consistently had
higher yields than wells which did not penetrate
these units. Figure 11 shows areas where water
in these aquifers (or aquifer groups) was acceptable
in quality and should be considered for future

Sources Of Water

development when high-yield groundwater supplies
are needed.

Yields of 500 gpm have been reported from
wells in the Meramec River alluvium. In the Missouri
River alluvium, a well in the old Weldon Springs
Ordnance Plant well field was pumped at approxi­
mately 2,600 gpm for 47 hours during an aquifer test
(Emmett and Jeffery, 19681. According to Searcy,
Baker and Durum (1952, p. 48), this well field
consisted of 13 large-capacity wells on a 344-acre
tract which supplied water from the Missouri River
alluvium at a rate of more than 44 mgd. Discharge
exceeding3,300gpm has been reported from irrigation
wells in the Mississippi River alluvium.

Specific capacities reported for wells in the
Mississippi, Missouri and Meramec River alluvium
are given in table 2. Durations of the tests are not
known in all instances. However, these values can
serve as an indication of the productivity of wells
in the alluvial aquifers.

Generally, high specific capacities indicate an
aquifer with high transmissivity while low specific
capacities indicate an aquifer with a low transmissivity.

Two characteristics governing the value of an
aquifer as a source of water are its ability to store and
to transmit water. These two values can be measured
by aquifer tests.

For artesian (confined) aquifers, the storage
coefficient may range from 0.00001 to 0.001. The
storage coefficients of water-table aquifers range
from about 0.05 to 0.30.

The coefficients of storage and transmissivity
were determined at two sites. These values are
presented in table 2. The transmissivities at the two
sites are virtually the same but the coefficients of
storage indicate water-table conditions at the Weldon
Spring site and artesian conditions at the St.
Charles site. Available '>'veil logs and water-level
measurements indicate that artesian or leaky artesian
COnditions prevail throughout most of the Mississippi
RiVEr alluvium.

Results obtained from these two tests are
indicators of the hydrologic characteristics of the
alluvial aquifers. Any large-scale development of
groundwater resources should be based on additional
tests.
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Table 2

Su_ry of ..ell data for the St. Louts area
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CHEMICAL QUALITY OF GROUND WATER

Most bedrock wells are constructed with several
aquifers open to the well and, for this reason, it is
not feasible to sample water from individual aquifers
to determine their representative water-quality char­
acteristics. Therefore, the discussion of chemical
quality of water from bedrock will be by the five
aquifer groups shown on figure 7. Quality of water
from alluvial deposits will be discussed as Meramec
River alluvium and as Mississippi-Missouri River
alluvium. Only analyses of water from wells depicted
on logs in the Missouri Geological Survey files were
used in this study.

The chemical quality of ground water in the
study area is quite variable, ranging in dissolved-solids
content from 122 to 17,500 mg/I (milligrams per
liter), with the water varying from a calcium­
magnesium bicarbonate to a sodium chloride, sodium
sulfate, or a sodium bicarbonate type. At lower
concentrations of dissolved solids, the calcium­
magnesium-bicarbonate type of water generally is
predominant and, as the dissolved-solids content of
the water increases, the type of water is va~iable

depending upon the source. At higher concentrations
of dissolved solids the water is a sodium.mlOfide
type.

The source and significance of dissolved mineral
constituents and properties of water are summarized
in table 3. The values that were equal to or less than
found in 75 and 50 percent of the samples from
each aquifer group and from the alluvial.deposits of
the major streams are given in tables 4 and 5.
Differences in the concentrations of various con­
stituents are apparent, indicating certain factors
which control water quality in the study area.

The principal factors affecting groundwater
quality in the area are the complex interrelations
imposed by the lithology of the rock units; perme­
abilitY of the rock units; the controls on water
movement exerted by the geologic structure; the
length of time water has been in the aquifer and the
distance it has moved from the recharge area; the
degree of flushing of entrapped saline water (connate
water) from the rock ·units; and, in local areas, the
works of man.

The structural attitude of rock units in the
St. Louis area exerts a pronounced effect on ground
water recharge, discharge, and qualitY. Anticlinal
features sum as the Eureka-House Springs anticline

Sources Of Water

shown on figure 6 tend to be areas of recharge due to
secondary permeability developed at their crests by
fracturing and jointing. The synclines probably act
as traps for mineralized water, and flUshing progresses
more slowly than elsewhere. Waters in these synclinal
areas tend to be of poorer quality than waters from
areas where more complete flushing has taken place.
Structure contour maps and cross-sections of the
area seem to substantiate the presence of synclinal
traps in the Valley Park area and in T. 42 and 43 N.,
R. 6 E., in southeastern S1. Louis County and north­
eastern Jefferson County. Also, movement of highly
mineralized water from deeper horizons up into
shallower zones through old abandoned .......ells is
probably occurring in the Valley Park area.

Faults (fractures along which there has been
movement of the two sides relative to one another)
can act either as barriers to groundwater flow, when
aquifers are faulted against impervious beds or the
rocks have been recemented, or as open conduits for
water if the rock is broken and fractured adjacent to
the fault. When the fault zone is impervious, complete
flushing of connate water in the aquifer might not
be accomplished. If the fault zone is open, complete
flushing of connate water takes place, and the more
rapid circulation of water removes much of the
soluble material. Fault zones which are accompanied
by intense rock deformation, such as the area in
southwestern Jefferson County in T. 39 N., R. 3 E.,
and 4, are locally important recharge areas. The
Maxville fault in T. 43 N" R. 5 E" (fig. 6) acts as a
barrier to the movement of water and retards flushing
in the aquifer,

In addition to the physical constraints that
affect groundwater quality, man unfortunately creates
many of his own problems. Effluents from improperly
constructed septic tanks or from areas where the
concentratioo of septic tanks is too great for the
absorptive capabilities of the soil cover, and leakage
from improperly constructed or improperly located
sewage lagoons moves into the groundwater reservoir
and contaminates the ground water. Drainage from
improperly operated or improperly located sanitary
landfills may also add large quantities of contaminants
to the groundwater reservoir,

The generalized groundwater-quality areas
shown in plate 2, are based on a dissolved·solids
content of less than 500 mg!l in or above the
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T.oie 3

SOURCE AND SIGNIFICANCE OF DISSOLVED MINERAL CONSTITUENTS AND PRoPERTIES OF WATER

Constit"'nt eM" property

MangalMlM (Mn)

Calcium (Cal and mag­
nesium (Mill

Sodium INal and potas­
sium (K).

Bicarbonate lHC0
3

) and

earboflate (C03 '

Chloride (CII

Fluo.ick IFI

24

Dis$oh'ed from practically all rocks
and 5Oi1$, commonly less than 30
mgli High concentnotions, as much
as 100 mg/I, ",~ally oet;ur in
highly alkaline waten..

Dissolved from pnoctically aU roc:ks
and 5Oils. May al50 ~ d..riY1ld
from jron pipes, pumps, .nd other
,""uipment. More thin 1 or 2 mg/l
of soluble iron in "",rf_ waten
",nerally indicates acid wastes from
mine drainage or other sourc..

Dissolved from some rocks and soil$.
Not 50 common as iron. LaJge
quantities often associated with
hiogh iron content and acid waten.

Dissolved from practically all rockl
.nd soil$,. but 8S1p1CiaUy from lim.
stone, dolomite, and gypsum. C....
cium and magnesium are found in
la"ll' quantities in some brines.
Magnesium is present in 1aJge quan­
lities in _ water.

Dissolved from pnoctically all rocks

and soils. Found "teO in ancient
brines. sea WitH, industriM brines.
and sewage.

Action of carbon dioxide in water on
catbonale rocks such as limestone
..-d dolomite.

Oissolved from rocks and soils con­
tainitlfl lJYpsum, iron wltides, ..-d
other IUI"'r QOmpouno;h., C0m­
monly~l in mine waters and
lOme industrial wastes..

DissotYed from rocks and lOils. Pres­
ent in _age and found in l-va
amouna in ancient brines. _

water, and industrial wast..

Dis$oh'ed in small to minute quanti·
ties from most roc:ks and lOill.
Addaod to m....y waters by fluorida­
tion of municipal "Wlies.

Significance

Forms. hard scale in pipes and boilers.. Carried oyer in
st...., of high-prassure boilen to form deposia on
blades of turbi.... l...nibia deterioration of .-oIite·
type water IOft..-n.

More than about 0.3 mgli stains laundry and utensils
redtlistl brown. Objectionalbe for food pt"oc:essing.
textile proc:essing. bevenoges, ice manufacture, br_·
ing. and other ptoCISMI. USPHS 11962Ildrinking­
water stlIndardl state that iron should not exeead
0.3 "'ill. Larger qUlntities cauw unploe..nt taste
and favOt" growth of iron bacteria,

Same ob;ectionable f..tures as iron. Causes dark brown
or black stain. USPHS (19621 drinki",.wlter stan­
danis state that manvanew should not exceed 0.05
moJo.

Cause most of the hard..- and sca"fOt"mitlfl proper·
ties of water; SOIp conlUmitlfl 1_ Hardnessl .
Waten low in calcium and magnesium desired in
electroplating. tinning. and dyeing and in 1extill
manufacturing.

La"ll' amounts. in combination with chloride. give a
salty taste. Moderate quantities have lin" effect on
the uwfulne$l of water for mOlt purposes. Sodium
$lilts may ClUJe foamitlfl in steam boiloers,. and • high
sodium content may limit the UM! of water fO!" irri­
gation.

Bicatbonate and CIIbonata pt"oduca alkalinity. Bicarb­
onates of calcium N1d mlll"";Um de<:ompose in
It~m boilen and hot·water facilities to form scale
and release COtTOSivtl carbon dioxick gal. In combin­
ation with calcium and magnesium they cause eM­

bonate hanlness.
Sulfate in ...ater containing calcium forms hard scale

in steam boilers.. In la"ll' amounts, sullate in~
bination with other ions gives a biner taste to
wat.... Some calcium IUllate is considered benefic~1

in the br_itlfl pt"0CISI. USPHS 11962) drink.;r\9"
Wlt..- IUndardl recommend that the IUlfat. content
should not exceed 250 mg/l.

In larve amounts in combination ... ith sodium gives
salty taste to water. In lat9' quantities incre_ the
cotrostveness of ...at.... USPHS 119621 drinkil>lt'"
wat..- IUndard$ recommend that the chloride can­
tent not exceed 250 ""'I.

Fluoride in drinkitlfl Wlttll'" rtldueas the incidence of
tooth decay when the wattll'" is consumed duritlfl the
period of enamal calcification. How....r. it may
cause monling of the teeth depending on the can­
~tration of ftucwide. the age of the child. the
amount of watllf" consumed. and the susceptibility

of the individual. The maximum concenuation of
nucwide' r",om~ by the USPHS (19621 va,ies

with the annual lYllf"age of maximum daily air
tempera1Ures and ranges downward from 1.7 In$II
fOt" an aVllf"19' maximum daily temperature of 10.00

C to 0.8 ""'I for an av...;oge maximum daily temp­
eratutl of 32.50C. Optimum o;oncantnotions for

these ,arl9lS are from 1.2 to 0.7 ""'..
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TIIbIe 3 (continued) .....

Constitu....t or propwty Source or cauw Significatla

Concentration mud> gorHtet" than the loo::al 8VlHave m.y
suggest pollution. USPHS (19621 drinki"9"water stand·
ards suwest a limit of 45 mgtl. Waten of high nitrate
content have been rep<>rted to be the ea"se of meth­
emOlllobinemia (an often fatal disease in Infants) and

thlHefore should not be used in infant feecli"i- Nit­
rate has been shown to be helpful in reducing the
intercryst:aline cracking of boil" steel. It encourages
the growth of algae and other orlJllnisms which may
cause odor problems in water supplies.

USPHS (19621 drinking-water standards recommer:!'!
that the dissolved $Olids should not uceed 500 mg/l.
How...lH. 1.000 mg/l is permitted under certain cir·
cumstances. Waters containing more than 1.000 mill
of dissolved solids Ire unsuitable for millny purposes.

Consumes soap before a lather will form. Deposits
I08p curd on bathtubs. Hard water forms scale in
boilers. water heaters. and pipes. Hardness equivalent
to the bicarbonate and carbonate is called carbonata
hardness. Any hardness in excess of this is called
noncarbonate hardness. WlIte~ of hardness up to 60
mgtl are considered soft; 61-120 mg!1 moderately
hard; 121-1811 mll/t hard; more than 180 mg/I very
hard.

Indicates degree of mineralization. Specific conductance

is a measure of the cap~ty of the water to conduct
an electric current. It varies with the concentrations
and degr.. of ionization of the constituents. and
with temperature.

A pH of 7.0 indicates neutrality of a solution. Values
higher than 7.0 denote increasing alkalinity; values
lower than 7.0 denote increning OtCidity. pH is a
measure of the activity of hydrogen ions. Corrosiv..
nas of water wenerally incre"," with decreasing pH.
However. ellcessively alkaline water may abo attack
metals.

Water for domestic and some industrial uses should bit
free from perceptible color. Color in willter is obj~
tionable in food and beverage proo::essing and many
maffi.lf8Cturi"ll processes.

Affects usefulness of water for many purposes. Most
users desire water of uniformly low temperature.
Seasonal fluctuations in temperature of surface waters
are comparatively large depending on the volume of
water.

Sediment must generally be removed by floo::culation
and filtration before water il used by industry or
municipalities. Sediment deposits reduce the storage
capecity of reservoirs and lakes and clOIl na~igable

stream dlannels and harbors. PartiCle-size distribution
is a factor controlling the density of deposited sediment
and is consider-ad in the design of filtration planls.
Sediment data are of value in designinll river-d....lop­
ment protects. in the study of biolOllieal conditions
.nd fish propagation. and in prQ9rams of soil conser­
vation and wat.rshed management.

Dec.lying organic matt........m.
phnts. _ave. nitrate f..-filizen
.nd nitrates in soils.

Chiefly mineral constituents dis­$0""" from nx:ks and soils.

In most wate~. ntllIrly aU the h.rd·
ness is due to calcium .nd mag­
nesiu'm. All the m.tallic eations
other than the alkali metals also
cause hardness.

Mineral cont.nt of the watllt.

Acids,. acid"9llnerating Sillits. and fr..
c:arbon diollide low... the pH. Car­
bonates. bicarbonates. hydrollides,
phospNltes, silicates,. and bomes
raise the pH.

Yellow·to-brown color of some water
usually is caused by OI'"JIanic matter

.,.tracted from leaves. roots••nd
other organic substances. Color in
water also results from industrial
wastes .nd _age.

Climatic conditions. UW! of watllt as •
c:oolil1lil agent. industrial pollution.

DissolV1ld solids

Hydrogen-ion concentr.
tion (pHI

Specific Conductance (mi­
cromhos at 250CI.

Color

Temper.ture

SuSfl'llnded sedim....t Erosion of land and stream dwInnels.
Quantity aod parti~sizegorMiation
affected by many factors such as
form and intensity of precipiution.
rate of runoff. stream channel and
now charact...istics. vl981al cover.
tofloVrapfly. type and charact...istics
of soils in drainage basin. agricul­
tural pqcticel, and some industrial
and mining activita Largest con­
centrattons and loads occur during
periods of storm runoff_

1"Public Health Servioe Drinking Wat Standards," r... ised 1962. apply to drinking water and watllt-supply systems used by
carrien .nd others subjact to fad 1 quarantine regulations.
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TabLe 4

Comparison of 75 percentiLe values of chemical
constituents dissoLved in water from each aquifer group

rd_ta in .Ult u_ .... r lteer or _. ludll:-.e~
ulf.r. Allu"i_ 04.11..,,1_

Mer••1:- Minb_lppl .nd
Conltltuent .~ ,

c.~
,

""~
, C• ,

""~
, Rh.r Millouri Ri"er.

Slliell (SiOZ)·--·-·· 12 8.' .., 8.' ••• 12 '",.= (P..)----······· .n ." .>0 ." .31 ,., ..,
Mana"oe... (MIl)----·· -_.. ---- .--- .... ---- ." ."
celdu," (CI)---····· " '" " " 120 .. '"
Magoulu," (Hg)------ " " 40 " " " "
Sod 1<"," (N.)--------- JSO 80 " 40 ". " "
Poteni"", (K)------- .... .... ._-- '-' -_.. '.8 '.0

llic.rbonst.. plus m '" '80 '20 ,.. 26. m
e_rbonat .. (HCO)+CO)).

Sultee.. (S04)------- " .. " " .. " "
Olloride (Cl) ...... • " " 38 " '" " 7.>

Fluoride (P)------ •• '.0 ,., ., ., •• ., ••
"itr.t.. (NO)------- ,., ... '.8 U ., ,., ...
Db.olved .olld. 820 '" ." ." no '" '"(relidue .t L80·C) •

Hlrdn.....1 ClCO)--- '" "0 ", 440 .>0 '" m

Speclfic conduct_nee ---- .... ...- ---- ---- 80. 8"
(.lera.ho••t Z~·C).

pH------------------
.._. ---- -_.- -- -- ._.. ,., 8.0

aquifer group indicated by the number designation
of the area. For example, a well drilled in area 3
could expect potable water in all aquifers through the
St. Peter Sandstone and Everton Formation.

BEDROCK AQUIFERS

GROUP 1 lPOST-MAQUOKETA) AQUIFERS

Water from Group 1 aquifers varies from a
calcium-magnesium-bicarbonate tYpe to a sodium­
sulfate, sodium-bicarbonate, oc a sodium<hloride
tYpe. The dissolved-solids content is quite variable,
ranging from 246 to 6,880 mg/l. The water is genes-ally
low in iron and very hard (Hem, 1970, p. 225).
Slightly more than 75 percent of the wells sampled
yielded water containing less than 0.3 mg/l of iron.
Hardness of water from most of the wells was greater
than 180 mg/l. Fluoride content of the water is rela-
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tively high. In 50 percent of the samples, the fluoride
content was greater than 1.4 mg/l. The analyses
of water from 99 wells are summarized in table
6, and selected analyses of water from Group 1
aquifers are giV6f) in appendix 2. Locations of the
wells are shown 011 plate 1 and some analyses are
shown graphically 011 plate 2.

The data given in table 6 indicate that just over
50 percent of the wells sampled yielded potable
water. These wells are, for the most pan. near the
outcrop line of Meramecian series rocks 1St. louis,
salem, and Wars<Ni Formations) of Mississippian
age. and, based upon the 25 percentile values, they
yield predominantly calcium-rnagnesium-bicarbonate
tYpe of water. The higher dissolved-sotids contents in
water from Group 1 aquifers are from an area just
north and nocthwest of the city of St. louis in St.



Louis County, and in extreme southeastern St.
Louis County. Water in these areas generally is a
sodium<hloride type, but it may also contain large
amounts of calcium and sulfate. Variations in the

predominant chemical characteristics between the

calcium·magnesium-bicarbonate type and the !iOOium­
chloride type are pr~mably related to the effects of
geologic structure, the movement of water from
overlying or underlying formations into Group 1
aquifers, and to the presence of certain minerals in
the parent rock.

Waters having a high sulfate contenl are. for the
most part. limited to the area underlain by rocks of
Pennsylvanian age. These rocks comprise shales,
sandstones, and siltstones that locally have minor
amounts of pyrite and gypsum. These fine-grained
rocks are relatively impermeable; however. over a

Sources Of Water

large area. they could yield enough seepage to explain
some of the sulfate anomalies in the study area.
In northeastern St. Louis County, hi!tl concentrations
of sulfate coincide with the Cheltenham syncline
{Fenneman. 1911, fig. 5L and. according to Trapp
(19611. the sulfate/chloride ratios indicate that water
with a hi~ sulfate content is moving upward
from lower stratigraphic horizons. A persistent zone
at the base of the St. Louis Limestone has thin
stri!l9El'"S of gypsum that could contribute minor
amounts of sulfate to the ground water in this part
of the study area (Owens, 1960J.

In southeastern St. Louis County, the chemical
character of the water changes from a predominantly
calcium.magnesium-bicarbonate type to a sodium­
bicarbonate type, and. farther downdip. to a !iOOium­
chloride type. The sodium-bicarbOnate type of water

Table 5

Comparison of 50 percentile values of chemical
constituents dissolved in water from each aquifer group

rdat. in ..11U...... _ .. Ute.. 0.. •• ioodic:ated'
uHe... Allu"i.... All.."i..

Me......c Miuiuippi .....
Conatituent ~ 1 , C<oo. , C"OUI> 4 "'_. U"e.. l'lia,,,,,, .. i !lilt", ...

SiHc. (SiOZ)····--· ••• '.2 .., U ••• 01 "
tron {F.)----···-··· .IS .IS .17 .01 ." ." '.2

""I\&.ne.. {Mn)------ ...- --.- ... . .... .._- .76 ."
Cdd_ (Ca)-------- " 66 76 " .. 66 ".
""sne.1 UIl (H8) •••• -- " " " " " " 26

Socii.... (H.)········· .. " " " ,.. " 01

Pot••si.... (K)···--·· .... .... ---- ,. , ---- ... '-'
Bic...bonate ,l~ 66' '" '" )S. "2 m 66'

c.rbonate (HCO)+<:o) •

Sulfate (5°4)-'·'--· " " " " " " 26

Chlo.. id. (Cl)···---- " 11 ,.. 10 .., " '.1

FI...... lde (F)----·--· .., ., ., .2 • 1 •• .,
Nlt...t. {NO)--·---· ., •• •• ., .2 ., .,
Di..o1¥.d .0Ud. '00 ... ". '" '" '" ".(residue .t: ISO·C).

Harclne•••• C.CO)·· '60 '" la, )S. '" ", '"
SpeeiHc cODduoet.nce

(..ic..o.ho••t ZS·C). .... .--- ---- .... .... '" m

pH---··············· .--- ---- -- -- .... ---- ,.. ,..
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EXPLANATION

Dosh~d lin~ is us~d

wh~r~ opprOll:imot~ly

locot~d .

R2E
r-­,

J

T42N

~R\~ES-

R'E

R5E
036
I I , I " I

MILES
'"oo
o
o
O'
<;
z

"

,---'",,

,,

o
o
0_
O'
r
o
z

"

)

Figure 12

Distribution ofchloride In Group 1 (Post.Moquoketo) oquifus.
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evidently is a result of base~xchange - a process in
which calcium and magnesium ions in the water are
replaced by sodium ions. The minimum values shown
on table 6 for calcium and magnesium are for
analyses of water from this area.

Both of these areas of high dissolved solids
coincide with synclinal or anticlinal structures de­
veloped in the rocks. The area in eastern St. Louis
County coincides with the northern part of the
Cheltenham syncline, the Florissant dome and the
Twelfth Street anticline, and the area in southeastern
St. Louis County coincides with a troughlike de·
pression which is apparent on structural maps prepared
by Trapp (1961). Figure 12 is a map showing the
generalized distribution of chloride in Group 1
aquifers. It is possible that groundwater circulation is
extremely poor in these areas and the high chloride
water has not been flushed from the aquifers.
However, it is more probable that mineralized water
has moved into some of the structures from deeper
horizons or from adjacent gas· and oil·bearing rock.s.

High concentrations of iron were found in
water from many areas (fig. 13). Although the
reasons for the high iron content are not known, the

Sources Of Water

same form of geochemical control is probably respon·
sible for all of the high values in the study area.

The high fluoride values in. water from this
group could result from solution of fluorite in the
aquifers. However, increases in fluoride concentration
have been noted in other parts of the State accom·
panying encroachment of saline water.

GROUP 2 (KIMMSWICK·JOACHIM) AQUIFERS

Water from wells that bottom in Group 2
aquifers range in dissolved-solids content from 207 to
17,50) mgtl, with 75 percent of the samples can·
taining less than 621 mgtl (table 7), At the higher
levels of dissolved solids, the waters are a sodium­
chloride type. The waters generally are low in
iron content; 68 percent of the samples analyzed
contained less than 0.3 mgtl. Hardness of the water
ranges from 128 to 1,270mgtl. Thefluoride content of
75 percent of the samples analyzed was less than
1.4 mgt!. The analyses of water from 57 wells are
summarized in table 7. Twenty of these analyses
were from wells that are open only to Group 2
aquifers. The remainder of the analyses are from
......ells open to Group 1 and Group 2 aquifers. Selected
analyses of water from Group 2 aquifers are given in

Table 6

Maximum, minimum, and 25, 50, 75 percentile values for
constituents in water from Group 1 (post-Maquoketa) aquifers~/

rdn. in .U11 ..- "' Ute<'
Percent of 5•• ,..

Gon.t1tuent KIoxi_ " ~ " ~lnl_

SiLlc.. (S[~)------ " " .., ,.. '-'

,~" {Fe)---------- " 0.22 0.15 0.12 0.02

C.lclu. (C.)------- \,380 " n " '-'

Ho.gn.. i .... (118)----- m " " " ...
Sod I .... (11.:1)-------- 2,400 ,~ " "

,.,
Illcubo""te .,- '" m '" ", ,,,

cnbo.... le ( 11C03-+ill3).

Sulhte (5°4)------ 1,290 " " " "-'
Chloride «(:1)------ 3,420 " " >.> 0.'

FluorIde (F)------- n M ... ., .,
"ltc.U (I!OJ)------ " U ., .0 .0

Dl..olved .olld. 6,880 "" ", '" ",(residue .. 180·G).

","cd"".. .. C. ro3 -- 3,950 m "" '" "
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Areas in which iron concentrations in ground woter from bedrock aquifers are in excess of 0.3 milligrams per liter.
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Table 7

Maximum, minimum, and 25, 50. 75 percentile values for
constituents in water from Group 2 (Kimmswick-Joachim) aquife~s~/

mu. In .1I1t n • .. U.eil
~tcent .. ,. ".

COn.. lt.... nt fl,axl ... " ~ " HlnI...

Sillee (S I02)······ " ,.> .., •• '-'
l<on (re)---------- ~ ." ." .~ ."
Cold... {Cal-·----· '" '" .. " "
Hagnul... (1'4l)----- ,.. " ~ " "
Sodlu. (Ne)---.---_ 5,960 .. " " •••
8IUtb"..... ph. '" '" '" ", '"eubona... (IICO)+CO)).

Sulhte (S04)------ 1,320 .. " " ...
CII loride (Cl)-"--- lO.OOO " U ... '-'

Fl"oclde (Fl------- ,. ... ., ., 0

liHue. (W))-_ •••• " L' .. ., ,
Olaa"hed ."lld. 17,000 ." ." ,~ '"(t.. ldue " ISO'C).

"".dn... •• CaCOJ- • 1.270 '" m m ".

appendix 2. Locations of the wells sampled are shown
on plate 1. and a few analyses are shown graphically
on plate 2.

Approximately 64 percent of the wells sampled
in Group 2 aquifers yielded potable water. These
potable waters generally are a calcium-magnesium­
bicarbonate tYpe, but a comparison of the 50 and
75 percentile values in table 7 shows significant
increases in sodium, sulfate, and d'tloride with higher
dissolved-solids content, indicating that the chemical
character of the water is changing to a sodium­
sulfate or sodium-<:hlOf'ide tYpe.

Water from wells adjacent to the Meramec
River in T.44 N., R. 4 and 5 E.• in the Valley Park
area. and in T. 42 N., A. 6 E.• in Jefferson CountY,
had a hi£t1er dissolved-solids content. The wells in
the Valley Park area are in a synclinal structure
that may stilt contain connate water. Some of the
mineralized water is moving from deepEJ" horizons.
either through natural fractures or through abandoned
welt bores. The area in Jefferson County is in the
vicinity of the Maxville fault and it may not be
completely flushed of connate water. Wells in areas
to the north and northeast where Group 2 aquifers

are more deeply buried undoubtedly yield saline
water. Figure 14 shows the generaliZed distribution
of d'tloride in Group 2 aquifers.

GROUP 31ST. PETER·EVERTON) AQUIFERS

The chemical characteristics of water given
here represent a composite of waters from the St.
Peter Sandstone and Everton Formation and from the
overlying aquifer groups. Of the 63 analyses of water
from '<Wits bottoming in aquifer Group 3, one welt
derived its water solely from this group. The location
of the wells sampled are shown on plate 1. and
selected analyses are shown graphically on plate 2.
Because of the mixing of water from the different
aquifer groups, the chemical characteristics shown
for Group 3 water are similar in many respects to
those for the overlying groups. However, some
differences do exist. The summary of analytical
data in table 8 shows the water to be generally a
calcium-magnesium·bicarbonate type. Dissolved·solids
content ranges from 264 to 7.270 mg/l, with
75 percent of the samples containing less than 475
mg/l. Hardness of the water ranges from 30 to
1,420 mg/l, and the iron and fluoride contents
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Table 8

Maximum. minimum. and 25. 50. 75 percentile values for
constituents in water from Group 3 (St. Peter-Everton) aquifers~/

t;I"u ln .1L1l <>- « Ute;:'!
p~~c~nt of Sa. 'U

Conatituent l<axl..... " " " Mlnl_

SiUe.. (S 102)- -- - - --- U ... .., ••• '.0

Iron (Fe)------------ .. ." ." ." ."
Ca leiu.

{Ca)- ________

'" " " " ..,
MasnUlu," (Mg)------- '" " " "

..,
5001".. {~)---------- 1,810 " " '-" ...
Eic:ubonate ~lua '" '" '" '" m

carbo""'e ( Hro3+-C03)

Sulfate ( S04)-------- '" " '" U U

Chloride (el)-------- 5,OW " '.0 '.0 '-'
Fluoride (F)--------- '-' ., ., ., 0

"ltrate (NO)-------- " ,.. •• ., 0

Dhauhe<l aol1d" 7.HO '" ,"0 '" '"(rUldU~ at l80'C) .

llardne..... earoJ---- 1,420 '" '" '" "
~I Data loaaed on .. nalya.. lrotl 6J "elb.

generally are moderate. A comparison of the 75
percentile values of water from Group 1, 2, and 3
(tables 6, 7, and 81 shows that water from Group 3
generally is less mineralized than water from Groups
1 and 2 indicating that most of the wells bottoming
in Group 3 aquifers derive their water from the St.
Peter Sandstone and Everton Formation.

Most of the wells that yielded water with a high
dissolved-solids cont8f1t are located in or near the
water-quality problem areas discussed for Groups 1
and 2. Distribution of chloride concentrations in
water from Group 3 (Everton-St. Peter) aquifers is
shown on figure 15. These chloride values are not as
high as would be expected from connate water and
they evidently are a result of leakage of more
mineralized water from underlying or overlying for­
mations.

GROUP4 (POWELL-GASCONADE) AQUIFERS

Water from Group 4 aquifers generally is a
moderately mineralized, cakium-magnesium-bicar­
bonate type in and near areas of outcrop. In eastern
St. Charles, eastern St. Louis, and northeastern
Jefferson Counties, where the rocks are deeply

buried, the aquifers yield a highly mineralized,
SlXlium-<;hloride type of water. The dissolved-solids
cont8f1t ranges from 256 to 9,970 mgt!. The water
is generally low in iron and very hard. More than
75 percent of the wells sampled yielded water
containing less than 0.3 mgtl of iron. The fluoride
content of the water from Group 4 aQL!ifers is
relatively low; howe~r, 25 percent of the samples
analyzed contained more than 1.5 rng/l. Analyses
of water from 48 wells are summarized in table 9.
Many of these analyses are for water from Group
4 aquifers only; however, several of the wells are
also open to the aquifer groups previously discussed.
selected analyses of water from Group 4 aquifers are
given in appendix 2. Locations of the wells sampled
are shown on plate 1 and selected analyses are shown
graphically on plate 2.

Areas where Group 4 aqUifers yield potable
water are limited to the southern and western parts
of the study area (pI. 2). Within this area, the water
is predominantly a calcium-magnesium-bicarbonate
type. In the vicinity of De Sota, however, water
from this aquifer group has a higher dissolved-solids
content and contains significant quantities of sulfate.
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The reason for the higher sulfate content in this area
may be the oxidation and subsequent solution of
sulfide minerals occurring locally.

Wells yielding water with a hi!tt d1loride
content are located just north of Herculaneum.
adjacent to the Mississippi River in Jefferson County
and in the Valley Park area in St. Louis County
(fig. 16). The wells north of Herculaneum are
located on the downthrown side of a fault, and it is
probable that colYlate water has not been flushed
from the aquifers here. In the Valley Park. area,
these aquifers contain highly mineralized water and
they are presumed to be the source of mineralized
water in the overlying formations. Wells in Valley
Park. that were drilled into these aquifers flowed at
the surface. Some of these wells were abandoned.
One of the wells is still flowing. indicating that the
hydrostatic pressure is sufficient to move the min­
eralized .water upward into the other formations.

GROUP 5 (EMINENCE-LAMOTTE) AQUIFERS

Potable water in Group 5 aquifers is limited to
the southern third of the study area. Farther to the

Sources Of Water

north Md northeast these rock.s are deeply buried
and contain highly mineralized water (pI. 2). The
results of chemical analyses of water from 24
wells are summarized on table 10. and selected
analyses are given in appendix 2. Locations of the
wells sampled are on plate 1, and selected analyses
are shown graphically on plate 2. The dissolved-50lids
content of water from wells in Group 5 aquifers
ranged from 279 to 13.5OCI mg/l, the lower values
characteristic of water from wells near the outcrop
and the higher values d1aracteristic of water downdip.

The water is very hard and generally is low in
both iron and fluoride oontent. Values given for the
50 and 25 percentiles on table 10 indicate the

calcium-magnesium-bicarbooate character of the water­
at the lower dissolved-solids contents. A comparison
of the 50 and 75percentile values shO'NS that increases
in disoolved·solids content in excess of about 400
mg/l are due principally to increases in the sodium
and d1loride contents. Althoullt the 50 and 25
percentite values emphasize the calcium-magnesium·
bicarbonate character of the water. minor variations
in the concentrations of other constituents can be
expected because of the influence of water from
overlying aquifers which may be open to the well.

Table 9

Maximum. minimum. and 25, 50, 75 percentile values for
constituents in water from Group 4 (Powell-Gasconade) aquifers~1

!Jata In .UIl ca. Det Ilte;'l
reteant ., ~ ,..

Conatltucnt ....d ... W , Hlnl_

SIlica (S 102)- -- -- --- " ••• '-' ,.. '-'
,,- (Ye)·•• ··_·_---- '.0 ." ." ." ."
Colcl_ (CO)--------- '" " " .. "
H.ll1I""alu. (HII)·-·-·-· '" " " " "
SOd lUM ("a)-·-------- 2,HO " " ,., '-'
rotanl_ (.:)-------- " ,.. '-' '-' ..,
IIcarb<>... u .,~ '" 'ro '" '" ,~

tHb'...aU (1ICO).al)) .

Sulfate ($04)-·------ ~ " " "
,. ,

Oiolorlde (Cll-------- 4,5S0 " " '-' ,.,
rl...,rlde (1').-.------ ,., .n ., ., .,
"luau (110)······_- "

.., .. ., ,
I)tnolved aoUda 9.970 '" .~ - '"(.e.ld.... "' lao"C) •

""rd...... •• CoWl-·_· 2.020 - ,~ ~ ..
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ALLUVIAL AQUIFERS

MISSISSIPPI AND MISSOURI AIVER ALLUVIUM

Water from alluvial deposits along the Mississippi
and Missouri Rivers has fairly uniform chemical
characteristics, except that it varies widely in dis­
solved-soJidscontent. The water generally is a calcium­
magnesium-bicarbonate type and locally may contain
sigi'lificant quantities of sulfate. The iron and man­
ganese contents commonly are high, and the water is
very hard. Complete analyses are given in table 2,
appelldix 2. Locations of the wells are shown on
plate 1 and selected analyses arc shown graphically
on plate 2. The maximum and minimum values and

the values which were equal to or less than that
found in 75, 50, and 25 perCellt of the samples
analyzed are given in table 11. These data emphasize
the calcium-magnesium-bicarbonate character of the
water. A comparison of the 75 percentile values with
the maximum values shows that the near-maximum
values for sodium, chloride, and nitrate are unusual.
The maximum value for nitrate probably is a result
of contamination from a surface waste source. The
maximum values for sodium and chloride are thought

Sources or Water

to result from the infiltration of saline water from a
nearby flowing deep welt.

Areal variations in the chemical character and
dissolved-solids content of the water are indicated
by the graphical representation of selected analyses
in plate 2. These bar diagrams emphasize the pre­
dominant calcium-magnesium-bicarbonate character
of water in most of the area. Except for ......ells 474-3Ob
and 48-7-33d, variations in the dlemical character
and dissolved-solids content of the water appear to be
random and are probably caused by variations in the
chemical composition of the aquifer material, by the
length of time the water has been in contact with the
aquifer material, and by the differences in perme­
ability of the aquifer.

MERAMEC RIVER ALLUVIUM

Water from alluvial deposits along the Meramec
River generally is a calcium-magnesium-bicarbonate
type. However, in local areas, principally Valley
Park and Times Beach, some wells yield a sodium­
chloride type of water. For the most part the water is
moderatelv mineralized. Dissolved-solids content

Table 10

Maximum, minimum, and 25. 50, 75 percentile values for
constituents in water from Group 5 (Eminence-Lamotte) aquifers~/

r.lna in _ilti n_ O< l1te~'
Percent oC ~ ,..

C<>natituen' "'~i.._

" " '00 Mini.._

Silica (5[02)-------- U ,.. .., ,., LO

Iron (FeJ------------ ,. " .H ., .00 ."
Calclu. (CIl)--------- ." "" .. '" "
""BnUlu. (~)------- ." " " " "
So<!iu. (Ha)-------- __ 5,420 ,.. U ... ..
81caTbonate .,- ", '" '" '"' '"'cad.onate (KGO)1C\J3).

SulC.u (504)---~---- '" " n .. "
Chloride (Cl)-------- '.~ '"

.., U U

Fluorlde (P)--------- U ., ., ., ."
Klt<a'c (NO}l------·- .. ., , ., .0

Dissolved solida 13,500 no '" '" '"(eeaidue "' 180·C).

llardneoa •• CaC03---- 4,060 '" m '" '"
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Table 11

Maximum, minimum, and 25. SO. 75 percentile values for
constituents in water from Mississippi and Missouri River alluvium

1001 tee(]0< or a. '"Percent of sa I ••
Constitllent Kaxi_ 7> '0 25 Hlolal.

Temper.ture (·C)4---- " l5 IJ.5 13 12

SilIca (51°2)*4 - -- --- 37 30 26 22 12

Iron (fe)------------ 46 9.4 '.2 2.9 .0'

Hanganese (I1n)_4 _____ 4.3 .95 .7> .J9 .l5

CalcIum (Ca)44_4* ____ 172 lJJ 10' 81 46

Magnesium (118)044*4 __ 46 J4 26 " 10

Sodiu.. (Na)4 *4 _______ 224 16 II 7.' 1.1

potaaaium (K)-------- '.2 '.0 3.9 1.4 .8

Bicarbonate (HCOJ )--- 784 '" 449 '" 184

Sulfate (5°4)4------- 132 71 26 '.9 .4

ChlorIde (Cl)-------- 3" 7.5 4. I 2.0 .,
FluorIde (F)4 ________ ., .4 .2 .2 .0

Nitrate (!'fOJ)-----04- l5 I.l .2 .0 .0

Diaaolved .olld. 1.0)0 '" 476 '" 20'
(re.1due at 180·C) .

Ilardne.. as CaCOJ)--- 820 m 402 Jl2 '"
Speeific Conduetance 1.760 884 77J '25 Jl6

(Hlcromho. at 25·C).

pOi
(unit.)40 _________ 8.2 8.0 7.' 7.3 7.0

Color (unita)-------- " , 4 2 0

ranges from 122 to 1,070 mg/! and 75 percent of the
samples containeclless than 476 mg/!. Hardness of the
water ranges from 88 to 456 mg/l, with most of the
water being very hard. The water also contains
significant quantities of iron and manganese. Sixty­
six percent of the samples exceeded the U.S. Public
Health Service {1962J drinking water standards of
0.3 mg/l for iron. The ranges in concentration and
the 75, 50, and 25 percentiles of the principal
constituents and properties of the water are given
in table 12. A comparison of the maximum values
with those equal to or less than that found in 75
percent of the samples indicates that near-maximum
values are, for the most part, unusuaL Selected
analyses are given in lable 2, appendix 2. Locations

of the welts are shown on plate 1, and selected
analyses are shown graphically on plate 2.

Areal differences in the chemical character of
the water are caused by variations in the lithology and
permeability of the alluvial deposits, by intrusion
of saline water from bedrock formations, and locally
by effluents from septic tanks or other waste­
disposal systems. Water.quality characteristics vary in
most parts of the alluvial area because of the variabil·
ity of the character and composition of aquifer
materia/s, principally the amount of clays and degree
of sorting. In general, the dissolved-solids content is
lower along the bluffs or outer edge of the alluvium
and increases gradUally as the water moves toward
the river. The high nilrate content of water from a
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Table 12

Maximum. minimum. and 25. SO. 75 percentile values for
constituents in water from Meramec River alluvium

[ilata in ..Uli ra"", ner liter or as indicatedl
Percent of Sa.. lea

Constituent Maxi...... 75 50 2S Mini ......

Te ..perature
(OC) _____

" " " 13 "
Silica (5 102)-------- " " U 9 6 8.8

Iron (Fe)--------~--- " '-' .75 ." .00

Manganese (Hn)------- '-' .85 -'6 .28 .00

Calcium (Ca)--~-~---- "0 " " " "
Hagneaiu.. (Hg)------- " 75 " " 9.0

Sodium (Na)~-------·- 13' " " 8.4 4.0

Potassium (K)---'--~- 8.0 '.8 1.8 L4 .8

Bicarbonate (HCO)--- 478 286 m "8 '00

Sulfate ( S04)-------- '80 " 4> " "
Ch loride (Cl)-------- 480 >6 " '-' '-'

Fluoride (r)--------- ., ., .0 .0 .0

Nitrate (N03)---~---+ " '-' .4 .0 .0

Dissolved solids 1,010 "6 m '" m
(t'eaidue at lSOOC) •

Hardneas as CaCO)---- 4>6 '" '" m 88

Speciflc conduct- 1.190 806 50' 488 ,,,
ance (HicrOfllhoa at
2S0C)--------------

." (units)----------+ '-' U U U 6.'

Color (units) ---~~--- 75 , , , ,

few ot the wells is presumably caused by waste·
disposal practices.

Anomalous areas of higher dissolved-solids
content are in the VaHey Park and Times Beach areas.
Available data indicate that the higher dissolved·
solids content is due to the increased sodium and
chloride content and that the more highly mineralized
water is the result of natural upward leakage of saline
water from the bedrock formations. Leakage also
occurs through nOflplugged abandOf"led wells which
were drilled into the Roubidoux Formation.

The area of greatest impact of increased
mineralization of water in the alluvium is in the
western side of Valley Park in the vicinity of well
17 cbd and well 17 cdb. The distribution of chloride

in the alluvium in Valley Park for periods of high
and low water levels is shown in figure 17. The
chloride content at approximately monthly intervals
is shown in table 13 for the two industrial wells and
the two Valley Park municipal welts (18 dda1 and

18 dda2)'
Although the chloride content of water from

these wells varies considerably with time, the patterns
of chloride distribution are similar. The isod1lors

apparently shift slightly in response to the relative
pumping rates and duration of pumping of the
production wells in the area; that is, if well 17 cbd
is being pumped at a greater rate than well 17 cdb,
higher cOflcentrations of chloride will be nearer
well 17 cbd, but if both wells are shut down and
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Distribution of chloride In alluvial deposits in the
Valley Pork-Kirkwood area. In May 1970 (top), the

water lewIs were relatiYf!ly high. In July 1970
(bottom), the water lewIs were relatively low.
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only municipal ......ells 18ddal and 18dda2 are pumping,
the hiltt chlodde water will migrate toward the
municipal wells.

The principal source of mineralized water is
presumed to be abandoned or leaky deep ......ells.

Sources Of Water

Well F1 has been plugged and cannot be sampled,
but the chemical quality of its water should be
similar to that from wells F2 and F3' Partial
analyses of water samples from these two wells are
given below:

DissolY1Kf constituents are expressed in milligrams per liter

Magn.- Biear- Dissol'ed
Well Date Calcium Slum Sodium bon... Sulfate Chloride solids

F2 64-68 465 190 2,380 257 260 4.640 9,210

F3 64-68 450 160 2,350 256 253 4,680 8.930

A graphical comparison of analyses of water
from well F2' wells 17 cbd and 17 cdb at Ashland
Chemical Co. and Absorbent Cotton Co" and Valley
Park municipal well no. 1 (fig. 18) shows the
similarity of the type of water from the deep well
and from wells 17 cbd and 17 cdb. The pattern for
Valley Park no. 1 well does not show the effect of
more mineralized water, but a tabulation of this
well's chloride data (tbl. 13) does show an increase
in chloride content beginning with samples collected
in December 1970. This indicates that more miner­
alized water was moving into this well at that time.

Water in alluvial deposits in the Times Beach
area, particularly in T. 44 N., has a higher dissolved­
solids content and is similar in chemical character to
that in the Valley Park area. The chloride content of
water from selected wells in the Times Beach area

is snown in table 14. These data show a considerable
range in concentration of chloride; however, public
supply well 444-32bdd is consistently high, probably
because the pumping of this .....ell draws water with a
higher chloride content into the well. Areal variation
in chloride content for two periods are snown in
figure 19. Chloride values on these illustrations
indicate that the maximum concentration of chloride
shifts about midway from the bluffs to the river.
However, all of the water in this area is affected by
the intrusion of mineralized water. Water from well
444-31dca adjacent to the bluff has a higher chloride
content than that in wells just south of this area. For
the most part, the origin of the more mineralized
water in the Times Beach area is presumed to be
from an underlying bedrock formation. However, the
ways in which the more mineralized water reaches
the alluvium are not known.

SPRINGS

Discharge measurements in the three-county
area indicate that the springs are small and quite
variable, reacting quickly to precipitation and having
little or no flow during dry weather. This variability
severely limits their economic significance because
most enterprises utilizing springflow require a stable,
dependable source. In fact, only one small commercial

operation using springs (watercress production) exists
in the area at this time. As reported by Lutzen of
the Missouri Geological Survey (oral commun., 1971)
some of the springs are affected by effluent from
septic tanks, lagoons, and sanitary landfills, making
them esthetically undesirable and further limiting
their small economic potential.
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SURFACE WATER

A tremendous surface-water- resource is one of
the principal reasons for the oontinuing economic
growth and development of this three-<:ounty area.
The Mississippi. Missouri" and Meramec Ri~s furnish
water for most of the population and industries.
provide navigable waterways for oommerce and rec­
reation. and are a means for disposal of industrial
wastes and sewage. The combined flow of the
Mississippi and Missouri Ri~s at St. Louis averages
112.000 mgd and the Meramec River near Eureka
averages 1,930 mgd. Of the vast amount of available
surface watet". an average of only about 1.120 mgd is
withdrawn for all uses.

It is quite evident that there is no shortage of
surface water supplies for the major users V'Alo can tap
the large rivers of the area. H~. user.; who are
interested in smaller supplies from tributary streams
(those streams V'lhich originate in or have mum of
their drainage basin in the project areal foce rrlClf"e
difficult problems. The frequency data and inter-preta­
tions presented in the remainder of this section of the
report can be used as a guide toward the optimum
utilization of these valuable resources. The informa­
tion used for surface water oomputations was
compiled from an extensive network of streamflow
data sites. as shown in figure 2.

Table 13

Chloride content of water from
selected wells in the Valley Park area, Mo.

fin .1111 ~a" r liU'"
well Il"-~

44-:;- 44-S- ".,. 44-S-,m 17ebel 17edb 18dda 18ddaz

7-22-69 '" ... " "
8-27-69 '" m " ..
9-24-69 '" ", " "
10-24-69 m "0 " "
11-20-69 ". "0 " "
[2-18-69 '" '" " "
\-28-70 '" ", " "
2-27-70 '" ". " 22

3-27-70 m ... " "
4-30-70 '" '" " 22

S-20-70 no '" " "
6-24-70 230 '" " "
1-24-70 '" '" " "
8-27-70 m '0' " "
10-Z-70 m ... " 23

12-3-70 '" '" " "
1-29-11 '" '" 82 "
)-)-11 ." '62 " '0

4-S-1I '" 2>8 " "
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MILLIEQUIVALENTS PER LITER
15 10 5 ° 5 10 15

9210
Co HC03 +C03

Mg S0.

No.f.K CI

Fe F+N03
F2

(SCALE X 10)

790
Co HC03+C03

Mg so.
No+K CI

Fe F+N03

ASHLAND CHEM. (44-5-17cbd)

742
Co HC03+C03

Mg S0.

No+K CI

Fe F~N03

ABSORBENT COT. (44-5-17cdb)

Co
331

HC03+C03

Mg so.
No+K CI

Fe F+N03

VALLEY PARK MUNICIPAL I (44-5-18 dda)

Figure 18

Comparison ofchemical analyses ofwoter from 'Nell F2 Ashland Chemical Co. well, Absorbent Cotton Co. well,
and Valley Park municipal well no. 1.
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In order to fully analyze the streamflow data
for the gaging stations on the two rivers, a complete
systems analysis of the basins upstream from the
stations would be required. This would involve the
development of flow-storage models of reservoirs and
channels and generation of natural-flow data for
model input. These procedures are beyond the scope
of this study because of their cost and complexity
and must be deferred until methodology is developed.
However, the available statistical and flow variability
data are relevant to many current and future studies;
these data are presented in appendix 3.

MISSISSIPPI AND MISSOURI RIVERS

The Mississippi and Missouri Rivers are treated
separately in this report because their flow character­
istics are significantly different from those of other
streams in the project area. They are the principal
reason for the present location of the City of St.
Louis and are increasingly important as national
arteries of commerce. Developments having large
water-supply or waste~ilutionrequirements naturally
tend to concentrate along these great rivers.

The Missouri River is almost completely
controlled by an extensive reservoir system in the
headwater areas. Summer flows are maintained at
levels which insure adequate depths for navigation
purposes, and the flooding potential has been greatly
reduced. The Mississippi River, on the other hand, is
not significantly controlled at medium and high
stages above the confluence with the Missouri,
Navigation depths are maintained by a system of
locks and dams which alter mean and high flows very
little; thus, flooding is a more frequent problem ()f1

this river.

DURATION OF FLOWS

The slope and shape of the flow duration curve
indicate the variability of streamflow and hydrologic
characteristics of a drainage basin, thus providing an
excellent comparison of the flow characteristics of
streams (fig. 20). A curve with steep slope denotes a

Figure 19

Location of wells In the Times Beach area.
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Table 14

Chloride content of water from selected wells in the Times Beach area, Mo.

nn .111l .... < Ht~:>
woll ....-<

~'" ·4·JOdcc ""_4_Hdc. ""·4_J2b<1d 44_4_12«1b ""_4_1Nbb 44-4-)2ddc

7-1'-69 '" " ~ ~~ '" '" ~ ~ ~

8-n-69 "" " '" ,~ ,~ m

9·24_69 ~ " '" ,~ '" '"
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1l·19-69 oro " ,~ '" .~ '"
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J-4-1I "" " "' '" u, n

4-~-1l m " '" m .., '"
S-J·'i "" " "" "" '" '"
6_'_71 ,..

" '" '" '" "

basin ......ttere flow is mostly from direct runoff whereas
a curve with flat slope denotes a basin with large
surface or groundwater storage.

The curves of figure 20 are indicative of the two
types of tributary streams found in the three-county
area. The Cuivre River curve represents a highly
variable stream which derives much of its flow from
direct runoff. This curve is characteristic of all
curves plotted for small tributary streams in St.
Charles, St. Louis and northern Jefferson Counties.
The Big River curve is characteristic of the large

tributary streams and the small, but well-sustained
streams in southern Jefferson County.

The flow-duratioo data presented in table 15
may be considered representative of the future
distribution of flows at the gaging sites, provided
there are no significant future man-made develop­
ments. In many basins in the St. Louis area,
developments are already planned that will completely
alter the duration data presented in this report.
However, these data may be valuable as a reconnais­
sance tool to locate areas that are desirable for future
developments.

FLOODS

Major floods have occurred during all months
in the St. Louis area, but are most common in the
spring and summer. While heavy general spring rains
cause most of the floods, some of the greatest
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floods on record have occurred in the summer
(fbI. 16). This is due to intense local thunderstorms
that cause flash-flood conditions on small tributary
streams and consequently affect the larger streams.



Detailed flood data (such as flood profiles) for
specific streams are not shown in this report. These

A tabulation of yearly flood peaks for streams
in the three<ounty area indicates the following
flood distribution pattern:

SizeofSu..m

Thousands of square miles (tOt"
example: Mississippi and Missouri
Riversl

Hundreds of square miles (fOt"
eKample: Big and Cuivre Riversl

Less than 100 square miles (for
example: Plattin Creek.. Murphy
Bf-anchl

Months wf>en floods
_ most likely

/!\pril through July

March through Mav

May and June

Sources Of Water

data have been previously published and are available
from the following sources:

1. Flood inundation maps and flood profiles
are available in publications of the U.S. Corps of
Engineers (1964, 1965, 1966) for the following
streams in Jefferson and $t. louis Counties:

In Jefferson County - Bourne, Dry, Glaize,
Heads, Joachim, Plattin, Rock, Saline, and
Sandy Creeks; Big, Meramec, and Mississippi
Rivers.

In weslern St. louis County - Meramec
River, Brush and Fox Creeks in the vicinity of
Pacific.

Searcy and others (1952) also presented selected
flood profiles for the Mississippi. Missouri. and
Meramec Rivers.

Table 15

Flow-duration data for
continuous-record stations on tributary streams

rNu..be~s ~efet' to stations as shown on IIIal>. FiR • .il
Pl<w. in efs, which "'as exceeded for indicated percentage

of ti..e
Perccntsge of Cubre River Big Rivet' nes~ Big River at HenlllCc Rlver
th.e during ~:sr Troy ~ sot~\ lIyrnesvl11e I ~:a~ E;~<)ka

~iod of reco~d No. 1 No. 42 No. 50 No. 52

99.5 0.2 J9 51 265

" .3 44 " 290

98 ., " 67 330

" 2.3 6S 84 405

90 5.0 67 10' 490

80 " W <4, 640

70 25 lOS 188 800

80 OS 167 240 1,000

50 78 235 312 t,300

40 130 305 '" \,700

30 23S 425 '98 2,400

20 460 640 900 3,650

10 1,760 1,180 t,650 6,700

5 2,530 2,050 2,950 t1,500

2 5,880 4,500 5,980 20,000

I 9.l00 6,900 9,630 28,000

O. I 21,000 \6,000 18,000 55,000
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2. The outstanding Jefferson County flood
of June 1964 has been documented in a report by
Peterson (1965). Flood-frequency and profile data
are presented for P1anin and Isle du Bois Creek.s.

3. lhe estimated 100.year flood stages for the

Mississippi and Missouri Rivers have been delineated
for St. Louis and St. Olarles Counties on 7Y.t-minute
topographic maps which are available from the
District Chief. U.S. Geological Survey, P.O. Box 340,
Rolla, Mo., 65401. Indirect flood-peak determinations
on Gravois, Fox, and Sandy Creeks in St. Louis and

Sources Of Water

Jefferson Counties, plus peak.-stage data on a number
of small Jefferson County streams, ¥e also available
from this 50\Xce.

4. The U.S. Geological Survey, in cooperation
with the Metropolitan St. Louis Sewer District. is
conducting a study of flood characteristics in fiw
small drainage basins in the metropolitan area.
Reports on several of the basins, showing stage and
inundation data are now available (Spencer and
Hauth, 1968; Hauth and Spencer, 1969, 1971;
Spencer, 1971).

MAGNITUDE AND FREQUENCY OF FLOODS

The proper design and location of drainage
structures and water- facilities depend to some degree
on information about the magnitude and frequency
of flooding. These data are also important in flood­
plain zoning and othel" related activities. In the St.
Louis area, flood problems will probably become

more severe on the tributary streams as industrial
and domesticdeYelopment on the floodplains becomes
more intense.

The basic tool used in the analysis of floods
for this report Is the gaging-station flood-frequency

Table 16

Summary of maximum recorded floods and stages

Hald_..
sase

DuiRase D&te of heiSht!/

'::~QNo. Station n8l118 area _xi........ (ft above lII8a Discharse
F . 2 • ., discbar • ••• i.vel ,", Cuivre River near Troy 90J "... 5, i941 483.7 i20,OOO

" IU.. ia.tppi River at Alton Hl,500 Apr. 29, i913 432.i 535.000

taide atudy area] Hissouri River at Her"",nn.y 52S.200 Jun. "" 5H.0 S92.000

" msaisaippi River at St. ....... 701,000 ,=. 27.1844 423.17 ,300,000

" .<g River nesr De Soto ,,, ."". 1915 56S.2 70,SOl)

50 ... River at lJyt'Desville '" ."". 1915 463,9 "'.000
" Mers.c River near Eureka 3,78S ."". 22, 1915 446.4 115,000

77 Plattln Creek nesr Cry.~1 City 83.4 J=. n. ,.., 1/Z4 . 06 3O,ioo

'" Isle du lois Creek -, 16.4 ,=. n. "" 11J1.08 2S,4OO
See. Genevieve

1/ In£1O'll' between Her...nn and the "uth of tbe Hr..ourl River is insiSDifiCllnt.

1/ Arbitrary datu",.
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Figure 21

Flood-frequency curves for trIbutary streams In the St. Loulsorea.

curve. Examples of these curves for some of the
large tributary streams in the St. lOll is area are
shown in figure 21. Flood-peak discharges at selected
recurrence intervals from the station flood-frequency
curves are shown in table 17 for selected stations.
All f100d·frequency curves were prepared using
methods described by the U.S. Water Resources
Council (1967).

Skelton and Homyk (1970) presented flood­
frequency equations applicable to ungaged rural

basins in each of Missouri's physiographic regions.
Data used in computation of the equations are
derived from the gaging-station frequency curves
and represent an average of the flood experiences
for different-size drainage areas in the region.

An analysis of residual error-s (actual values
divided by computed values) was made to determine
the usefulness of the equations in the St. Louis area.
Residuals were oomputed and plotted on maps to
determine if any geographic patterns existed in the
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Table 17

Flood-frequency data at selected continuous and partial-record stations

Floo<l ff!9uen.l:T
l\OIeord Drdnq.. l1q"Uud. of fI_, I" er.,for IndleU."

Map M. ..."" ln n .. reeu'uoe. h'lu".I, h·T..n
(Flaun 2) SUUoa ..... .naly.l. (!<l ."

,
" " '"

Cuhr. II.hu .... , Troy 1924-69 .., 23,700 311,300 46,900 S6,200 62,100.. 111.. lulpl'I ll... , U All.....!.1 1927-69 11I,SOO 245,000 320,000 315,000 445,000 495,000

ltlu""rl ll._' •• 1Ie...."".y 1929-69 5211,200 250,000 39'0,000 490,000 62<1,000 720,000

" 001d><....' Cr...k n...' S•. \.O\Iie!! 1960-61, 43.6 ],100 '.'" '.'" 8,200
1963-65,
1968-69

" "lululp,,1 II.l"'" •• S~. \.O\II·Y 1928-69 701,000 480,000 700,000 "'.'" 895,000 940,000

" 81:8 lUar nU' Dot Soto 19SO-69 no IS,Soo 24,900 33,100 45,800 57,400

'" Illg Rivu .t lIy'......lll. t923-69 '" 14,600 22,400 27 ,800 34,900 40,400

" lieu""" River ...... r lun~ 1922-69 3,788 ".'" 55,000 69,600 88,700 103,000

" ItJ.rpby 8••neh nur Cryetel City 1955-63 .... '" "" "" ""

study area. The resulting plots showed a random
distribution pattern, and the equations are thus
considered valid in the St. Louis area.

The grouping of the equations according to size
of upstream drainage area and physiographic region
was found to be the most meaningful method of
presenting the data for two rcasoos: (a) the oon·
siderable variation in risks among regions and drainage­
area sizes (as shown by the standard error of estimate)
can be better defined and, (b) the effective indepen·
dent variables remaining in the final regression
equations are indicative of basin characteristics most
significant in each region for each drainage-area
class.

There are two limitations that must be con­
sidered before using the equations. First, appropriate
adjustments to the equations must be made to
account for increased storm runoff during and after
urbanization (see the following section, "Effects of
Urbanization on Storm Runoff" for a discussion of
these adjustments). Secondly, the equations are
based on data from rural Missouri streams and
thus do not apply to the Mississippi and Missouri
Rivers.

Tables 18 and 19 present the flood-frequency
equations which are applicable to rural basins in the
Dissected Till Plains and Ozarks portions of the

study area (fig. 1). In the case of streams that cross
the Ozarks-P1ains boundary, a weighted average
(based on drainage area) of results from both Plains
and Ozarks equations should be used.

Drainage basin characteristics are defined for
the equations as follows:

1. Drainage area. A, in square miles, was
determined from most recent U.S. Geological Survey
topographic maps.

2. Maifl~hannel slope, S, in feet per mile, was
determined from altitudes at points 10 percent and 85
percent of the distance along the channel from the
gaging station to the divide. This index was described
and used by Benson 11962. 19641.

3. Mean basin altitude, E, in feet above mean
sea level, was measured on 1:62,500 - and 1:24,()()().
scale U.S. Geological Survey topographic mapS for
small drainage basins and on 1;250.000-scale Army
Map Service maps for large basins. The altitude was
computed by laying a grid over the map, determining
the altitude at each grid intersection, and averaging
these altitudes. The grid spacing was selected to give
at least 20 intersections within the basin boundary.

4. The maximum 24-hour rainfall, 124,2. in
inches, having a recurrence interval of 2 years (2·year
24·hour rainfall) was determined for each basin from
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Table 18
Flood-frequency equations applicable to rural Dissected Till Plains basins

" "
P;"p""enU nf

" " " "
2-,.eu.

IOoln_ * •• 24-_. SnU.
Dral"'se c ........1 .... In .. lnbH • Indu •n_ Re.....lon .r... alnpe. .ltluJde 124,2 '.c"••act«t.tlc, con..ant, • • ,, • (.g .1) (rt per.1) (HdO- J ) (lnr"u) II (Inc".. )

2-yuT p<Oak2/ '" ,." -0.9J
2_,.UT pea.q:1 24.6 ,.~ 0.61

~-y"". peaky 1,540 ,." 1.29 _0.8~

~_yu, pukll "w 0.8J 0.87 4.69 -1.0J

10'yeu peakY 1,690 0.65 I.H _0.74
10-yeu peakJ.f O.I~ 0.81 0.81 5.0~ _1.07

n-yur pe.k.!! 1,220 0.66 L~

n-y"", peakll 0.20 0.76 0.7) ~. 62 _I. lJ

~O-"".T peaky " LOO 0.9~ 2.68
SO·y"". peak11 ,

" O. 7~ 0.77

Table 19
Flood-frequency equ3tions appl1cable to rural Ozark Plateaus basins

MOde 1 i8 Y-aAb lSb2124, 2b3Rb4

Exponents of basin chnr3cteristlcs

(Inc"..)

SUndat1l
UN'.,
utl... te
(percent)

""
""
"~
""
""

b[

Drainage
,,~ Regression area,
Charac ter is tic. constant, A

y • (sq "'t)

2-year peak 21 280x104 0.71
2-year peak:!1 22J 0.64

5-year pe3k.!1 587x103 0.70
5-year peakll 40' 0.63

lO-year peak.!1 288xl03 0.71
to-year peakll sa, 0.62

25-year peak.!1 916xl02 0.80
25-year peakll 840 0.61

50-year peak.!1 '" 0.80
50-year peakll 631 0.48

b,

Main­
channe 1
slope,

S
(ft per "'i)

0.27

bJ b4

2-year "'''"24-hour annlWl Standard
rainfa 11, runoff, error
124,2 , of

estimate
(inches) 11 (inches) (percent)

-7.16 ""
-5.48 '0

26

-4.69 '0
28

-4.44 '0
31

"0.52 "
11 For the St. Louis aren, use n value of 3.5 for 124,2 .

.!I Use this eqlWtion for draina8e orens of 50 square "'iles or less.

!I use this equntion for drainage nreas greater than

U-S. Weather Bureau Technical Paper 40 119611.
A value of 3.5 inches can be used throughout the
sludy area.
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50 square miles.

5. Soil infiltration index. Si. in inches. was
determined for subbasins within the stale by the
Soil ConservatiOfl Service (written commun. 1970).



Wei~lled averages of these values were used for
each gaged drainage basin. Figure 23 shows the
values for the $1. Louis area.

6. Mean annual runoff. R. in inches, was
determined Irom long·term gaging·statiOll rec<)(ds in
eastern Missouri. Figure 24 illustrates lhe variatiOll
in natural runoff 'Of tributary streams in the St.
Louis area.

Sources Of Water

EFFECTS OF URBANILAIIVI'l
ON STORM RUNOFF

For (he Ihree<ounty study area. definitive
ratios showing the effects 0' urbanization on storm
runoff will be available wilhin three years as a resull
of currenl urban-hydrology studies in cooperation
with the St. Louis Metropolitan Sewer" District and
St. Louis Counly. Presently, however, lhere are
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EXPLANATION
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inadequate hydrologic data to make precise evalua­
tions of the effects of increasing urbanization on
storm runoH.

For a generalized method of estimating increases
in f100d-peak discharge due to varying degrees of

Figure 24

~an natural annuol runoff. in inches, for tributary screams in the St. LouIs area.
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MEAN FLOWS

The variation in mean annual runoff in the
study area is shown in figure 24. The illustration
is based on the results of previous ruooff studies of
unregulated rural basins, plus an anlaysis of long-term
gaging-station records in the vicinity of St. Louis.

The estimation of natural mean flow for
ungaged sites in the area can be made by using
figure 24. The accuracy of these estimates will be
sufficient for solution of the usual hydrologic
problems involving mean flows; the most common of
these problems is the use of the data as a parameter

in the computation of reseJ'\lOir storage requirements
(see subsequent section entitled "Augmentation of
Dependable Flows bv Storage").

EFFECTS OF URBANIZATION
ON MEAN FLOWS

In most studies in the United States, it has been
observed that total runoff (amount of precipitatioo
that appears as streamflow) is increased by urbaniza­
tion. In Austin, Tex., annual runoff was increased
2.9 times in a watershed bv a 21-percent-impervious
cover (Espey and others, 19661. James (1965)

Table 20

Low-flow frequency data at continuous and partial-record stations
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Low-flow frequency curves for tributary streams in the St. Louis oreo.

estimated that the annual runoff from a completely
urbanized California stream basin was 2.3 times its
natural volume. Crippen and Waananen (1969)
sho......oo that, during years of normal precipitation.
the increase in annual runoff from partial urbanizatioo

of a small California basin was about threefold.
These results are logical because one of the primary
controls on runoff is the basin infiltration characteris­
tics, and those are directly related to the percentage
of impervious area in a basin.
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Streamflow records on Coldwater Creek (about
50-percent urbanized with an estimated 20 perrent of
the urbanized area impervious) represent the only
runoff data of any consequence collected on an
urbanized basin in the St. Louis area. These data,
when adjusted for roc()(d length on the basis of
nearby long-time streamflow records, indicate that
the average annual runoff from the basin is about 22
inches. This is approximately twice the average for
rural basins in the area (see fig. 24). A part of this
increase is due to the operation of sewage treatment
plants in the basin. Crippen and Waananen (1969)
stated that "Development . .. has produced a marked
increase in the total runoff. Such an Increase has
been noted in other studies, and Is probably more

pronounced In the seml.qrld California climate than
in more humId regions. ..

Based on the studies in Calif()(nia and Texas.
plus the data from Coldwater Creek. it is recom­
mended that the mean flow of streams in the study
area, with urban development similar to that of
Coldwater Creek, be adjusted for urbanization effects
by multiplying the natural runoff chosen from
figure 24 by 1.5. If treatment plants are present in
the basin_ the mean flow could be twice as high as
that shown on figure 24. Until more comprenensive
urban runoff data are available, recommendations
cannot be made for adjusting data from basins with
varying degrees of urbanization.

LOW FLOWS

The utilization or development of a stream
depends, to some extent, on its low-flow characteris­
tics as defined by low·flow frequency data hable 20).
These data are the principal tool used by hydrologists
and planners to evaluate the low-flow potential of
streams.

For this report, low-flow frequency data were
computed by statistical methodsdesctibed by Skelton
(1966). Examples of low-flow frequency curves
(fig. 25) are presented to indicate the variations
in low-flow characteristics of some major tributary
streams in the region. The Meramec and Big River
curves represent streams with high, well-sustained
base flows, while the Cuivre River curve indicates that
this stream has a highly variable low flow that can
diminish rapidly during a severe drought.

Data from low-flow partial-record stations and
continuous-record stations with less than five annual
minima are inadequate to define a low-flow frequency
curve_ These data were related to long·term gaging­
station data in the area, and the resulting graphical
regression was used to estimate the median annual
minimum 7-day flows (7-day 02' and the 7-day
10-year-recurrenee-interval flows shown in table 20.

Estimates of low-flow characteristics at ungaged
sites in the area can be made by using a method
described by Skelton (19701. Briefly, the methoo
involves measuring low flow at the site on different
recessions in se'o'Cral different years and graphically
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relating these measurements to concurrent flows at
a nearby continuous-record station. In general. the
results obtained from these regressions will give
reliable estimates of median values (7-day 02) and
less reliable estimates of more extreme events.

As shown in figure 26 and table 20, there is
considerable variation in the values of the 7<lay 02
for unregulated streams in the area. In general, the
7-day 02 for small unregulated tributary streams
ranges from 0 to 0.005 cf1: per square mile in the
northern two-thirds of the area and from 0.02 to
0.05 cfs per square mile in the southern third of
Jefferson County. The 7-day 02 for the Meramec and
Big River basins is a relatively high O. t cfs per
square mile. However, data from Coldwater Creek
basin indicate that median low flo'NS can be as
great as 0.3 cfs per square mile in basins where
sewage treatment plants are operating, depending on
plant size, water-table condition, etc.

During 1967 and 1970, hydrologic data were
collected on many of the tributary streams in the
threc-county area to determine low-flow gains or
losses and to observe the impact of various urban
developmcntsonbasinenvironment. Table 21 presents
the results of disdlarge and specific-conductance
measurements at various sites, plus observations
of the streams' appearances and other information.
The reconnaissance data from 1967 is especially
useful because it was made during a period of
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median low-flow cooditioos (7<iay 02) over most of
the area_ Thus the data in the table can be a valuable
guide concerning actual quantities of water available

in many of the area's small surface streams during a
specific drought. Water-quality information collected
during these investigations is presented in appendix 4.
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The specific conductance readings and descrip­
tions of stream appearance in table 21 can be used to
identify many of the streams in the area that are
affected by urbanization and have low flows of
inferior-quality water. For instance, the conductance
of Bonhomme Creek at Chesterfield (fig. 2, map
no. 26) was 500 micromhos and the water was
described as very murky. with foam on the surface.
Streamflow in undeveloped parts of the region was
dear at the time and natural conductances were
400 micromhos or less; thus Bonhomme Creek was
evidmtly affected by man's activities.

EFFECTS OF URBANIZATION
ON lOW FLOWS

Theoretically. urbanization will decrease the
low flows of streams because of decreased soil­
moisture storage, improvement of drainage, and

lowering of groundwater levels (Aingenoldus and
Bauer, written commun., 19661. James (1965) made
a model analysis of a California streamflow record
and found that the low flow of a completely
urbanized basin is about 0.7 of the natural value.

In the St. louis area. ho.......ever. low flows of
many small tributary streams having drainage areas
of less than 50 square miles are greatly augmented.
mostty by domestic effluents (figure 26. area D). and
the net result is an increase in dry-weather flow. The
natural low flow of most of these streams is less
than 0.5 cfs (except in middle and southern Jefferson
County). Consequently, an influx of poor-quality
effluent. even though in small amounts. can seriously
degrade the flow of an entire stream. Studies by
Lutzen of the Missouri Geological Survey and Water
Resources (written commun., 1970) in the Grand
Glaize. Fishpot and Romaine Creek basins. point
out specific examples of these effects.

AUGMENTATION OF DEPJ:NDABLE FLOWS BY STORAGE

In the tributary basins of the threeo<:ounty
study area, a lack of streams with natural sustained
low flows makes it necessary to consider storage
reservoirs when year-round surface-water supplies
are required. The impoundments will generally serve
a number of purposes such as recreation. low-flow
augmentation and flood control. One of the more
pressing problems involved in utilizing reservoirs in
these developing areas. aside from the high cost of
acquiring land. wilt be the pollution aspect of urban
runoff during storms. It has been shown by Sheaffer
and Zeizel (1966. p. 73) that the quality of initial
storm runoff for some streams in urban areas is
inferior to that of domestic sewage. Storage of this
water would not only result in excessive treatment
costs when the water is utilized. but VoIOuld cause a
generally unpleasant reservoir environment. Spieker
(1970) stated that pollution loads may remai.n high in
sluggish streams after several days of flooding because
of accumulated sludge on the stream bottom and
release of untreated SE!V'lage into the stream. Further
analytical studies and continued management pro­
grams may be necessary in order to properly maintain
these urban reservoirs.
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For water managers and planners. there are
some major points concerning impoundment of low
flows in the St. louis area that should be considered:

1. In almost all of the area, except for the
larger tributary streams such as the Meramec, Big,
and Cuivre Rivers, storage facilities are required to
insure a dependable surface-water supply.

2. In urbanized areas of small natural ftows,
the quantity of low-flow may be adequate for some
uses because of augmentation from treatment plants,
sewers and septic tanks. but the quality of the
water is very poor and thus extensive treatment is
required prior to use.

3. Several mites of the lo.......er reaches of many
tributary streams are affected by backwater from
the Mississippi and Missouri Rivers. In these ponded
areas. water can be pumped directly from the streams
with no noed for impoundments to insure an adequate
water level. The most important consideration in
these reaches is, of course, the quality of the water.
which may make it unsuitable for use without
extensive treatment.
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Table 21
Results of hydrologic reconnaissance on tributary streams
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Table 21

Results of hydrologic reconnaissance on tributary streams--continued
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Table 21

Results of hydrologic reconnaissance on tributary streams--continued
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Table 21

Results of hydrologic reconnaissance 00 tributary streams--contioued

_.. A"---- .....,- '-' '-"
""'--i·i-'''''''~~_-I__-'''~~ !-'~_f-__M"·.-i-L:"+'i~C·.-'''--1f-"-''''-j-i'''-4"'o-"'-I-~~"'---....~ ......... .... ...

_._,..._1....... _.......... '..

_ .-, .

....., "-' .

........"" -_..... , ...,.
11- __.. ...--
..11. "'...-.- ......... , ........,-,-..., .._ -.

..._ -
w,.., '., .

... "
..~.-.,..... _11_'­..... --..

--_.,..._11_... .

.'__1­
-".

'.'

...

"

...M

•

)0 .-, -.

..

..
n .•

•

...

..

M

n

M.'
'.'

..

..

'.'

'.'

...

II,'

"

".'

.....

••

'M

-

-

-

-

'M
-

-

.•

.•

'.'

'.'

'.'

'.'

...

...

...

...

...

...
".'

M.'

....

-

_.~.-.
'.'

II·.·..

0-1.· ••

9- ....'

.-,....

........

.-,.-.,

..,...,

.......

..,.-..

00_'.' _ '.T .
L' L ,.. _ ....11._ ".._- ..

..1_. '. t ......' .••. , .. "WOO_._, , .....-_ ,..-..." .._-,.

T. U" ••.••.•••........ --.._.., ..... -
""-'."'''-­-..

•\ _. n. 1 .
L , _._, , ..._ ".-.J.lI..__,.

-'l _ .L'L, __-_._.........,..­-..

T•• 1 ' ' ...., - _,
". '.1 .. '.. _ •••....',....".._-..

"'\ _. '. 1. WI ••• • .....,
•. I C ..-" .'-, .. '-,."........, .......
J'''''''' ",-" .

T. A' ' .. '. .. ...... ..,•••,--" "' , .. ,
.lI .So .-- _,.

....... L • C••••..,.- _.
".' -'"..,... , e.. ,. So"''''-..

T...... L • C ...,.-- ....•• """'. ,.".n­-..

•. ,. •. L' ....."'.--.,-" ,.._.
.. u .....

_, eo_ ..._.

K\_. ".,..................... ­_._".J"'"_ .....11_,-,.---,.

_...... ,,,,,.co__•

... lo-

~.­_ ... It.....

C"'" eo_ _ T .._,•• e.. , __••_........_.._ ... ett,. _ •..--..

,...., .._ ..

_, Po" ,,,. _\1&\ _. n. T...._.
c.... _ ,. L • c..., ,_ .._,._ '.11.. _,.. _ ..-.

"."...... _, .. _. >••• WI ' .._n.. '. I c......oq. ..-,._, ..........•, _,tt•. J.".._-..

... 0- ......._" ....._--, .. -....._..... -._...__.

rI ...
" ..

_ ""."' ..",_..

....... eo__.00....'...
" ........co__•......

...., .......
.... I~I

M

"

"

"

"

"

"

•

•

..

..

..

,,1 ,to, ," _,,. _ ,_,,__ <I , .,•.

!'_--""- ,-

64



Sources Of Water

Table 22

Draft-stora~e frequency data at continuous and partial-record stations
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Table 22 contains draft-storage frequency data
for gaging stations in the St. Louis area. These data
were computed by the mathematical technique of
Markov chain analysis called probability routing, as
described in a report by Skelton (19711.

Note that the frequency d'laraeteristics are
expressed as percent chance of deficiency. This value
indicates the percent of years in which a reservoir of
indicated capacity will become empty. It also can be
interpreted as the average chance of having an empty
reservoir in any year over a long period of years.
However, this does not mean that a deficiency is
equally probable in each year. because a series of dry
years will decrease the amount of water stored and
increase the chance of deficiency in succeeding years.

1)'Ie draft·storage data are useful primarily in
making preliminary estimates of potential develop·
ment and in comparing development possibilities
of different streams. However, for small. multi­
purpose reservoirs, the data may be adequate for
final design purposes.

Regional draft-storage curves for a 2-percent
chance of deficiency were developed from long·time
streamtrow records in eastern Missouri and are
presented in figure 27. These curves can be used to
estimate storage requirements at ungaged sites or
gaging stations where records are short or inadequate.
The standard errors of estimate for the regional
curves were determined graphically and found to be
20 percent or less.
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Regional draft-storage curves for the St. Louis area.
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APPLICATION OF REGIONAL
DRAF~STORAGECURVES

In most cases, proposOO reservoir sites are
located where long streamflow records are not
available. Therefore. the regional draft-storage curves
of figure 27 should be utilized in making estimates.
The following steps are necessary in making estimates
of storage requirements at ungaged sites:

1. Determine the drainage area upstream from
the site, using the best available tOPographic map.

2. Determine average annual runoff for the
basin to the nearest inch from figure 24. Use the
center of the basin as the point of estimation.

3. Use the regional curves to estimate storage
requirements. The estimates will be somewhat con­
servative; the average chance of the reservoir becoming
empty in any year is 2 percent.

4. Whet"e significant urbanization ell:ists, the
storage requirements obtained from the regional
curves should be computed using adjusted values of
mean flows to account for the increased runoff
volumes from urbanized areas. Suggestions for these
adjustments are presented in the section "Effects of
Urbanization on Mean Flows."

RESERVOIR LOSSES

For this report no adjustments have been made
to station data or regional curves for reservoir losses

Sources Of Water

due to evaporation, seepage or sOOimentation. A
detailed discussion of regional adjustments to storage
requirements for these losses is presented by Skelton
(1968, p. 15-23). This information will be useful in
preliminary studies; however, a more detailed analysis
will be necessary at the reservoir site prior to
construction of major structures.

LIMITATIONS OF DATA

Before station data and regional draft-storage
curves are used in protect planning. the following
limitations should be considered:

1. Regional curves and station data should not
be ell:trapolated beyond the limits shown.

2. Regional curves are not applicable to streams
significantly regulated by reservoirs or to the Missis­
sippi and Missouri Rivers.

3. Regional curves should not be used for
drainage areas of less than one square mile.

4. In the Ozarks part of the study area (fig. 1),
field reconnaissance of potential reservoir siles is
necessary to avoid gross underestimation of storage
requirements. In this region, there is a possibility
that small basins and reaches of some streams may
have zones of significant water losses whict> were
not discovered during hydrologic investigations of
the region (see table 21). Special studies would be
required to define storage requirements in water·loss
areas and to determine if reservoirs·are structurally
feasible.

QUALITY OF SURFACE WATER

The St. Louis area is nearly surrounded by
large streams. The Missouri River to the north, the
Mississippi River to the east. and the Meramec
River to the south make available an almost un·
limited supply of surface water. Many of the water­
supply and waste..c.fisposal needs of the area are met
by these streams. Because of their large flow, these
streams are able to assimilate large amounts of
wastes. Uses of the water, however, are limited
when ell:tensive and costly treatment is needed to
obtain the desired quality.

Municipal. industrial, agricultural and other
wastes entering streams anywtlere in the north<:entral

part of the United States influence the quality of
water in the Missouri and Mississippi Rivers in the
St. Louis area. Not all of man's activities. however.
have causOO deterioration of the quality of water in
these rivers. For instance, impoundments on the
Missouri River main stem and tributaries over the past
20 years have resulted in a significant decrease in
turbidity, an undesirable characteristic of Missouri
River water.

The map of the study area, figure 2, includes
locations of U.S. Geological Survey stream-sampling
sites ancI water plants which are the source of data
feN" this report.
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at Howard Bend Plant near St. Louis, Mo., 1969-70.
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MISSOURI RIVER

Water in the Missouri River near St. Louis is
moderately mineralized. The predominant dlemical
constituents are calcium, magnesium, sodium, bicar·
booate and sulfate. Variations in dissolved-solids
content are primarily caused by variations in the
amounts of there constituents. Although a downward
trend in turbidity has been observed in recent years,
turbidity is still relatively high, and the water must be
treated for most uses. Generally, the water is hard and
this undesirable dlaracteristic contributes to the need
for treatment before use.

Daily changes in selected chemical and physical
characteristics at the Citv of St. louis Howard
Bend Water Plant (fig. 2, map no. 27) are related to
the discharge record from the gage at Hermann, Mo.,
for the 1970 water year in figure 28. Water temper­
ature varied from 0.0 degrees Celsius (centigrade) in
January and February to 29.00C in July and August.
Turbidity varied from 20 JTU (Jackson turbidity units)
in January to 2,400 JTU in May with a median for
the year of 135. Turbidity fluctuates rather closely
with streamflow; therefore, turbidity is generally
lower during winter when streamflow is low and
higher during the spring and summer when stream­
flow is high. Alkalinity and hardness as CaC03
ranges from 76 and 89 mglJ respectively during the
high water in October to high values of 243 and
303 mgtl in January.

Sources Of Water

Alkalinity and hardness vary inversely with
streamflow and generally have higher values in the
winter.

Ranges in chemical and physical characteristics
of daily samples collected at Howard Bend for the
20·year period 1951·70 are summarized in table
23. During this period the average concentration of
dissolved solids was 382 mg/l as compared to 365
mg/l reported for the 10·year period 1940-49 (Searcy,
Baker and Durum, 1952).

Average monthly characteristics for the 2O·year
period, figure 29, include temperature variations
from 2.00C in January to 27.00C in July. The
long-term relationship in this figure follows the
short-term relationship in figure 28. Dissolved solids.
alkalinity and hardness were lowest in the summer
when streamflow was high and highest during the
winter when streamflow was low.

Annual average turbidity and annual average
discharge for the period 1951-70 are plotted in
figure 30. Turbidity decreased from an average of
1,002 JTU for the 5-year period 1951·55 to 361 for
1966-70. Discharge averaged the same for both
periods, 77,OCXJ cfs. Turbidity averaged 694 JTU
for the 2O-year period 1951-70, as compared to
1,670 JTU for the 10·year period 1940-49 (Searcy,
Baker and Ourum, 1952).

The double-mass curves in figure 31 show a
decrease in turbidity and sediment, with the most

Table 23

Selected chemical and physical characteristics of water from the
Missouri River at Howard Bend Plant near St. Louis, Mo., 1951-70

(fnalyses by City of St. Louil[}

Characteristics Minimum Mean Maximum

Temperature
(OC) __________

0 14.5 31.0
pH___ M _____ M ______________

7.5 8.1 9.6

Alkalinity as CaC03 (mg/1) 53 150 294

IIsrdness ., eaC0 3 (mg/1) 83 206 366

Turbidity (JTU)----------- 5 694 12,000
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Table 24

Selected chemical and physical characteristics of vater
from the Mississippi River at Alton, Ill., 1970

[analyses by Alton Water Co~

Characteristic Minimum Median Ma:dmum

Tell1perature
(OC) _________

0 L2.5 29.5

pll- --- -- - - - --- - ----- - ---- 7.7 8. l 8.6

ALkalinity as CaC03 (me/ l ) 87 168 205

Hardness as Cac03 (me/ l ) 118 235 304

Turbidity (JnJ) - - - - - - - - -- 12 40 875

significant changeoccurringabout 1966. The sediment
record was collected at Hermann, Mo., by the U.S.
Army Corps of Engineers, Kansas City District.
Federal impoundments constructed on the Missouri
River's main stem and tributaries (numbering about
50) and control structures on the Missouri River are
apparently responsible for the decrease in turbidity
and sediment. However, the actual effectiveness of
the impoundments for sediment removal is difficult
to evaluate because of the inexact relationship of
sediment to streamflow. Jordan (1968) attempted to
separate the effects of streamflow from those of the
impoundments. The results were based on data for
years prior to 1964 and indicated that impoundments
caused a 25- to 3O-perc:ent reduction in sediment
discharge for the Missouri River at Kansas City. The
influence would be less for stations dO'Mlstream from
Kansas City because of fewer impoundments down·
stream. More impoundments have been completed
since Jordan's analysis and apparently have caused
further decrease in sediment discharge. As more
impoundments are constrUCted, especially in the

uncontrofled sediment·laden tributaries downstream
from Kansas City, sediment and turbidity should
continue to decrease in the St. louis area.

Appendix 5 is a compilation of annual average
values of several water-quality characteristics of the
Missouri RiYe1" at the City of St. louis Howard
Bend Water Plant for the ~iod April 1951 to March
1970. Total coliform bacteria averaged about 5,900

coI/100 ml (colonies per 100 milliliters) for the first
5 years and about 14,000 col/1oo ml for the last
5 years of the period.

MISSISSIPPI RIVER

lWSTREAM FROM THE MISSOURI RIVER

Mississippi River water at the Alton Water Plant
(fig. 2, map 00. 17), about 9 miles upstream from
the mouth of the Missouri River, is generally of good
quality and suitable for most uses. The water, which
is moderately mineralized, is a calcium·bicarbonate
type and contains significant amounts of magnesium
and sulfate in the dissolved solids. Although turbidity
is relatively low upstream from the Missouri River,
the water is very hard and some treatment such as
softening would be desirable for municipal and some
industrial uses.

The relation between disdlarge and some water·
quality characteristics at Alton are illustrated in
figure 32 for the 1970 water year. Turbidity reached
undesirable levels only a few times during the h91
streamflow of spring and fall.

Ranges in chemical and physical characteristics
of daily samples collected during the 1970 water year
are listed in table 24.

Total coliform bacteria counts made by the
Alton Water Company on 26 samples collected from
september to December 1970 ranged from 2,000 to
64.000. with a median of 11,000 col/1oo ml.
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Table 25

Selected chemical and physical characteristics of water from the
Mississippi River at Chain of Rocks Plant in St. Louis, Mo .• 1951-70

@nalyses by City of St. Louis]

Characteristic Minimum Mean Maximum

Temperature
(OC) __________

0 14.5 32.0

pH------------------------ 7.2 8.0 9.0

Alkalinity a. CaC03 (mg/l) 72 147 290

Hardness •• eaC03 (mg/l) 89 204 323

Turbidity (JXU)----------- 8 608 6,000

DOWNSTREAM FROM THE MISSOURI RIVER

Inflow from the Missouri River during periods
of low flow does not mix completely for several
miles downstream. As a result, water-quality records
at the Chain of Rocks Water Plant (fig. 2, map no.
331. about 5 miles downstream from the confluence
with the Missouri, are indicative of Missouri River
inflow. The water on the opposite (east) side of the
river is about the same qualitY as water in the
Mississippi River upstream from the confluence.

Daily variations of selected characteristics of
Mississippi River water at Chain of Rocks for the
1970 water year are illustrated in figure 33. Temper­
ature ranged from O.OOC in January to 29.50C in
July and August. AlkalinitY as Caco3 varied from
B3 mg/I in September and October to 241 mg/l in
January. Hardness as CaC03 ranged from 105 mg/I
in October to 296 mg/l in January. Turbidity varied
from 10 JTU in January to 4,000 JTU in May. The
median turbidity was 160 JTU, as compared to a
median of 40 JTU for the same period at Alton.
Inflow from the Missouri River is responsible for the
increased turbidi tY in the Mississippi. especially
during periods of high flow in the Missouri River.

Ranges in chemical and physical characteristics
of daily samples at Chain of Rocks are summarized
in table 25 for the 2O-year period October 1950 to
September 1970. The average dissolved-solids content
for the period was 373 mg/l. This compares to an
average of 340 mg/l for the lO-year period 1940-49

(searcy, Baker and Durum, 1952). The dissolved
solids are primarily composed of bicarbonates and
sulfates of calcium and sodium.

Average monthly water temperature. figure 34,
ranged from 2.00C for January to 26.50C for
August. Dissolved solids, alkalinity and hardness were
lowest in the summer when streamflow was high
and hi!ilest during the winter when streamflow was
low.

As shown in figure 35 annual average discharge
was relatively uniform tOf the period 1951·70, while
turbidity dropped from an average of 880 JTU for the
first 5 years to an average of 355 JTU for the last
5 years of the period.

Double·mass curves of turbiditY and sediment
versus streamflow are plotted in figure 36 for the
years 1951-70. A decided break in slope is noted
about 1966, which indicates a significant decrease in
turbidity and sediment since that time. This decrease
was caused mainly by the completion of control
structures in the upper Missouri River basin, as
described in the previous section on the Missouri
Hiver.

Annual average values of several characteristics
of Mississippi River water at Chain of Ro<;:ks for the
period April 1951 to March 1970 are compiled in
appendix 6. The bacteria data indicate that total
coliform bacteria counts averaged about 9.500 coll1oo
ml for the years 1951·55, and about 27,0Cl0 coll100
ml for the years 1966·70.
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TRIBUTARY STREAMS

Streams tributary to the Missouri and Mississippi
Rivers in the St. louis area represent a small part of

the total volume of surface water available to that
area. Ho-.vever. distribution of the smaller streams
throughout the three counties makes them important.
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The largest of the tributary streams are the
Meramec River and the Big River, which trows into
the Meramoc.

The U.S. Geological Survey has a monthly
sampling station al the -gaging station Ofl the Big
River near De Soto, Mo. (fig. 2, map no. 42). Data
covering some of the more important water-quality
characteristics for the period 1966-70 are summarized
in table 26. Water in the Big River is a calcium­
magnesium-bicarbonate type.

Fecal coliform bacteria counts for the Big
River ranged from 1 to 13,000 col/100 ml, with a
median of about 70 for the monthly samples
collected during the 1970 water year. Fecal strepto·
cocci varied from 12 to 45,000, with a median of
about 140 col/100 mL Fecal colifOfm to fecal
streptococci ratios for individual samples averaged
about 0.5, indicating that the pollution was derived
predominantly from animal wastes.

The Meramec River flows into the Mississippi
River south of St. Louis. about 34 miles downstream
from the mouth of the Missouri River. Records of
discharge are given for the gaging station at Eureka,

Mo., aoout 35 miles upstream from the mouth (fig.

2, map no. 52).

SU$pended-sediment discharges for the Meramec

River at Eureka, Mo., from February 1969 to
September 1970, ranged from 17 to 175,000 tons
per day and averaged 2,680 tons per day. Daily
sediment concentrations varied from 19 to 1,430
mgl1 and averaged 147 mg/I. Sediment loads and
concentrations were affected at times during the
period by highway construction activities upstream
from the sampling site. The stream is normally
clear and transports relatively small amounts of
sediment. Most of the sediment discharge occurs
during short periods of high streamflow.

The 51. Louis County Water Company furnished
data for the Merarnec River at Fenton, Mo., about 16
miles upstream from the mouth (fig. 2, map no. 591.
Some of the characteristics for daily samples collected
during the period 1966-70 are summarized in table
27. The average hardness of 166 mg/I indicates that
the water is hard. Turbidity is normally low in the
Meramec River and not a problem for most uses.
Monthly variations are shown in figure 37. A com­
pilation of Wlnual average values of several of the

Table 26

Selected chemical and physical characteristics of
water from the Big River near De Soto, Mo., 1966-70

Characteristic Minimum Median Maximum

Temperature (OC) __________ 0 14.0 28.0

pH------------------------ 7.4 8.1 8.5

Alkalinity as CaC03(mg/l) 92 211 246

Hardness ., CaC03 (mgl 1) 110 245 296

Dissolved solids (mg/l)--- 144 271 342

Turbidity (JlU) - - - - - - - - - -- 0 6 300
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more important water-quality dlaracteristics of the
Meramec River at Fenton, Mo., for the period
January 1966 to December 1970, are listed in
table 28. Meramec River water is also a calcium­
magnesium-bicarbonate type.

The U.S. Geological Survey operates a monthly
sampling station on the Meramec River at Paulina

6000

Sources Of Water

Hills, Mo., about 10 miles upstream from the mouth
(fig. 2, map no. 61). Dissolved solids, hardness and
alkalinity duration curves for the period August 1963
to September 1970 are shown in figure 38. The
median value, that \"A1ich was equaled or exceeded
50 percent of the time, was 208 rng/l fOf dissolV'ed
solids, 176 mg/l as CaC03 for hardness, and 160
mgl1 as Caco3 for alkalinity.
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Figure 37

A veroge monthly chemical and physlcol characteristics of the Meramec River at Fenton, Mo., 1966-70.
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Table 27

Selected chemical and physical characteristics of water from the
Meramec River at St. Louis County South Plant in Fenton. Ho .• 1966-70

[analyses by St. Louis County Water Co~

Characteristic Minimum Mean Maximum

pH------------------------ 7.8 8.2 8.6

Alkalinity as CaC03 (.. /1) 29 145 210

Hardness aa CaC03 (.. /1) 36 166 236

Dissolved solids (mg/l) 17 19B 42B

Turbidity (JTU)----------- 1 64 2,000

Table 28

.......... 1 ••e~.&e vate~·'I.... llty "Iwor.nerlatl". of
the Mor.-.: Rh..~ .t Feoton. Mo •• 1966-10

[].n .IlUau. pe~ liter eJl"ep~ •• I"",I"-&t"".
.... Iy.... by St. Louie County WiIIte~ eo:;]

Fecal coliform bact~ia counts
for the Meramec River varied from
7 to 3.800 001/100 ml and had a
median of about 75 for the monthly
samples collected in the 1970 water­
yea--. Fecal streptooocci ranged from
16 to 18.000 and had a median of
55 col/loo ml. Fecal coliform to
fecal streptooocci ratios for individ~

ual samples averaged about 1.1.
This indicates that the pollution is
mostly derived from animal wastes.

The three-county area is ex­
periencing a hig, rate of population
growth, especially in St. Charles
and Jefferson Counties. Mudl of the
development is in unincorporated
areas. Because of scattered develop­
ment. hundreds of individually
operated waste-treatment facilities
are oontributing substantial quan­
titiesoftreated and partially J:reated
waste effluents to the smaller
streams.

Miscellaneous samples 'NElre
roUected from several streams out­
side the metropolitan St. louis
area. and results of their analysis
are in appendix 4. Most of the
samples were collected during times
of low streamflow.
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vur eMlns Deeeeber 31 1966

Sill". (5102)------------- 6.1

Iron (F.)····------------- 0.04

Colel... (CO)-------------~ 14

!'loRDed..... (1'18)--.--------- 21
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Sources Of Water

The surface water in St. Charles County flows
over limestone rocks and is a calcium-bicarbonilte
type. Streams in Jefferson County flow over dolomitic
rocks, and the water is a calcium.mag-tesium.
bicarbonate type. The higher magnesium cootent in
Jefferson County is accompanied by a hiftler hardness
than in St. Charles County.

Bacteria counts for small streams in St. Charles
County are generally hiftler than those in Jefferson
County and show a hi!fier fecal coliform to fecal
streptococci ratio, whidl indicates that the bacteria
are probably from human wastes.

Maline, Gravois,Cold Water and Watkins Creeks,
and Riller des Peres are the principal watersheds in
the metropolitan SI. Louis area. They indude an
area of approximately 188 square miles and an
estimated 1970 population of 1,009,000 persons.
These streams recei...e residential, commercial and
industrial wastes and receive runoff from highly
urbanized areas to the point where they cannot
assimilate all the wastes. The Metropolitan SI. Louis
Sewer District (MSDl is currently making a study of
the area's water resources problems and needs and
will make recommendations for improvement of

surface-water quality.
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Figure 38

Duration curves ofselected water-quality characteristics of the Meramec River at Paulina Hills, Mo.
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Figure 39
Areas served by a central water supply. Roman from East-West Gateway Coordinating Council (Water
numerals indicate the 'WOterdiSlrict numben. Modified Facilities Mop, 1970).
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Water Utilization

WATER UTILIZATION

The principal uses of water in the three-<aunty
area, the estimated amounts used, and the source of
the water are shown below:

Source MM:l 8mounts

'.....'
Surl_ Ground
w... w_

Public water supply ., + ,.2 ,.
Aural use 3 6

Irrigation See text

Thermoelectric power· 61'

Self-supplied industrial • • 15

T.,", 1,123 31

• Data from Missouri Water Aesources Board, 1970.

Census of Public Water Supplies in Missouri, 1969.

Approximately 97 percent of the water used in the
tllree-<aunty area comes from a surface-water source,
2 percent of the water used is pumped from alluvial
aquifers, and 1 percent is pumped from bedrock

aquifers. More than 85 percent of the surface water
used is from the Mississippi River.

Figures for public supply include water used by
municipalities, water-supply districts, sutxlivisions and
trailer courts. Figure 39 and table 29 show the
cities and public water-supply districts served by a
central water supply. The City of St. Louis and the
St. Louis County Water Company account for
approximately 289 of the 292 mgd of surface water
used for public water supply. Rural use is for both
domestic and livestock purposes and was estimated
based on census figures. The amount of water used
for irrigation will vary with rainfall. In 1968 it was
estimated that approximately 60 million gallons per
year were used for irrigation of crops. A little over
half of this amount was from wells. An undetermined,
but probably small amount of water is withdrawn
from wells in the Mississippi River alluvium of St.
Clarles County. Water from these wells is pumped
into reservoirs to provide a suitable habitat for
waterfowl during the hunting season. By far the
largest use of water is for the generation of thermo~

electric power. This is largely a nonconsumptive use,
the water being used primarily for cooling.

SUMMARY AND CONCLUSIONS

SURFACE WATER

No shortage of surface-water supplies is fore­
seeable for major users Y.rtIo are able to tap the large
rivers of the area. Of the large amount of available
surface water (114,000 million gallons per day on the
average), only about 1,120 million gallons per day is
withdrav.-n for all uses.

Those who are interested in suppl ies from the
smaller tributary streams face more difficult problems.
The natural flows of streams in St. Charles and St.
Louis Counties and the northern two·thirds of
Jefferson County are generally highly variable, In
these areas, as shown in figure 26, a lack of natural

sustained low flows makes it necessary to utilize
storage reservoirs when year-round surface-water
supplies are required, Streams in southern Jefferson
County have a more consistent flow pattern and
better-sustained low flows. However, major water
users would probably require storage reservoirs in
this region also.

Impoundments may not be necessary to insure
adequate quantities of water in the lower reaches of
many tributary streams. These reaches are ponded by
backwater from the Mississippi and Missouri Rivers,
thus maintaining a dependable supply in the channel.
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Table 29

Water-Supply Facilities In The St. Louis Area

Hunle1pallty
Or operating
agency
St. Loula County

Kirkwood

Ti""'l Beach

St. Louis Co\lnty
water Dlatrlct No.

St. Lou1l County
Water District NO. 2

St. Louil County Wster Co.

South Plant

Centr.. l Plant

North Plant

City of St. Loula

St. Loula City Water Co.

Cbs in of Rocks Pl..nt

Bov.. rd 8end Plant

St. Charlel County

Portage oel Sioux

St. Peterl

O'Fallon

Went~vil1e

St. Ch.. rt.,.. PWSD NO.

St. Chsrlel County Water Division

North Plant

South Plant

St. Ch.. rte. City

Ptant NO.

Plant NO. 2

,....-,
(Fig. 39)

,
3

4

,

4

,
•,

H

,
3

4

,

4

,

•,

Source

Ranney "ell: Aux. Her ......c
Rivet and St. Louis County Water Co.

"ell

St. Louia County Water Co.

St. Loula County Water Co.

Mera ....c River

M1Iaouri River

Miaaouri River

2 "etll

MIaal•• Ippl River

Mlaaourl River

alluvial "e II

, drllted "e 11a

3 dtilled "elll

4 drilled "el la

drilled "e 11

3 alluviat "etll

, alluvial "e lIa

Mlalourl River

5 alluvial "ella:
Miaal•• ippl River Bottom

Average
pu..page

(lOU lion
g .. llonl
per d ..y)

3.500

.112

. '"0

.041

.041

too.ooo

.294

150.000

0.025

0.035

0.533

0.350

.400

0.100

B6

,<. Ch.. rlel """ ". ,
,'- Charlea """ ,.. 3

". Charlea PIoISD NO. 4

Peruque Utllitlel

,'- Charles Utilities

10 U!>der conltruction

12 Dor""'''t

IJ 2 "ell.

14 "ell



Summary And Conclusions

Water-Supply Facilities In The St. Louis Area--cantinued

~nl<:ipaIHy

"r operaUns
asency

De Soto

Peotu.

Hl1hboro

pevely

Jafh..on County I'WSD No. I

Jeffe..on County PWSD No.2

Jefh..on County l'VSD 110. )

Jeffe..on County PWSD No.4

Jefferaon County PWSO No.5, &cut

Jeffer.on County !'\ISo No.5, lieU

Jeffe..on County I'WSD NO.6
(Hoene Sprfntl.)

Jeffe..on County !'\ISD NO.6
(Ho.ne Spring.)

Jeffer.on County PWSO No.7

Jeffe..on County PIlSD 110, 8

Jelh..on County I'WSD No.9

Jeff....on County Pli'SD 110. HI

Jeffeuon County !'\ISO 110. 12

"0-,
{Fill. 39)

,
,
,
,
•

,
,

u

"
"

"
"
"

Source

2 welh

Ranney we l I

2 wdh

S welh

2 wdh

St, Lout. County lIater Co.

St. Loul. County lIater Co.

St. Loula County water Co.

Jeffeuon County !'\ISD 110, 9

I well

I well

2 welh

I well

2 well.

2 ..ell.

St. Lout. County liner Co.

I well

Averaae
pU"'l>&ae

(_Llllon
sallo'"
per d.y)

.,,'

.'00

.6S0

. '"

.,,"

. DO

,058

.750

.173

.'00

.Oll

.024

.010

.~

.055

.024

.070

lIodLf1ed fro. ~a.t-liut Gateway Co<>rdlnatLnllj Council (IIUer racLIiUu Inventory and Evaluation,
1971).

However, extensive treatment may be required to
make the water su itable for use.

lM1en developments are planned in the tributary
basins, proposed effluent loads should always be
balanced against streamflow available for dilution.
The low-flow potential of the stream is the principal
limiting factor in effective waste disposal via the
drainage network and can be evaluated by using
the analysis and tabulations presented in the "Low
Flows" section of this report.

The low flows of many small tributary streams
are already greatly augmented by domestic effluent,
with a net increase in dry-weather flow. From a
water-use standpoint, augmootation of small natural

streamftows by this effluoot is not desirable because
of hi!tl treatment costs.

The increase of low flows by urbanization has
been accompanied by an increase in average annual
runoff and flood peaks. The intensity of these effects
depends on the percentage of impervious area in a
basin and the quantity of effluent entering the
stream from sewage treatment plants, septic tanks,
industry and storm sewers. During low-order floods
12-year recurrence interval), storm sewers, gutters and
man-made ditches greatly increase peak flows over
those that occur in comparable rural areas. During
greater flood events, they function less efficiently,
and the difference between urban and rural flood
peaks becomes smaller. The 25-year flood for a
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6Q.percent urbanized basin in St. Louis County
with an estimated 20-percent impervious area is
about 2.5 times greater than the 2-year flood, whereas
the same flood from a rural basin in the area is about
3.5 times greater than the 2-year flood. The average
annual runoff for the same urbanized basin is about
twice that of a comparable rural stream.

Flood problems will probably become more
severe on tributary streams in the area as industrial
and domestic development increase on the flood­
plains. The time distribution of floods will remain the
same, barring major climatic changes, with most
floods occurring in the 5-month perioo, March
through July.

Springs in the study area are of little economic
value because of their small and highly variable
discharge. Some of the springs and seeps are becoming
increasingly polluted as urbanization spreads. further
limiting their value as a water supply.

The predominant chemical constituents of water
in the Missouri River near St. Louis are calcium,
magnesium, sodium, bicarbonate and sulfate. Varia­
tions in dissolved-solids content are primarily caused
by variations in the amounts of these constituents.
The water is hard and turbidity is relatively high.
However, impoundments on the Missouri River main
stem and tributaries over the past 20 years have
resulted in a significant decrease in turbidity.

Water in the Mississippi River upstream from
the mouth of the Missouri River is a calcium­
bicarbonate type and contains significant amounts
of magnesium and sulfate in the dissolved solids.
Turbidity upstream from the Missouri River is
relatively low and the water is very hard.

Water from the Meramec River is a CaC03
type. The water is hard, arid turbidity is normally
low.

Water from tributary streams in St. Charles
County is primarily ~calcium-bicarbonatetype. Water
from streams in Jefferson County contains significant
amounts of magnesium in addition to calcium and
bicarbonate. Fecal coliform to fecal streptococci
bacteria ratios were hiifler in S1. Charles County
than in Jefferson County, indicating more contamina­
tion by human wastes.
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The influence of urbanization on water quality
of small streams is characterized by the generally
deteriorated condition of the streams in St. Louis
County, particularly those in the metropolitan St.
Louis area.

GROUND WATER

Alluvial aquifers having the greatest potential
for development are those underlying the floodplains
of the Mississippi and Missouri Rivers. Wells capable
of yielding more than 2,000 gpm can be constructed
in much of this area. Larger sustained yields could
be obtained by locating the wells so that infiltration
would be induced from the river.

Wells capable of yielding 500 to 1,500 gpm can
be developed at carefully selected sites in the alluvium
bordering the Meramec River. Yields exceeding 500
gpm from wells in the Meramec River alluvium
probably would require the installation of a well or
wells capable of inducing infiltration from the river.

Little is kno'Nl1 about the aquifer characteristics
of the alluvium bordering the smaller perennial
streams in the area, but it is doubtful whether a
suitable supply could be developed unless a water­
supply facility capable of inducing recharge from the
stream could be installed. This installation would
probably have to be an infiltration gallery or radial
collector well.

Water from the Mississippi, Missouri and
Meramec River alluvium generally is a calcium­
magnesium-bicarbonate type. The water is very hard
and contains significant quantities of iron and
manganese. Locally, in the Meramec River alluvium
such as at Valley Park and Times Beach, some wells
yield a sodium-dlloride type of water.

Wells yielding more than 50 gpm of potable
water can be developed from the b¢rock aquifers in
the western third of St. Charles County, the extreme
western part of St. Louis County, and the south­
western three-fourths of Jefferson County. The most
important bedrock aquifers in the area are the
Potosi Dolomite (5), Gasconade Dolomite (4),
Roubidoux Formation (4) and St. Peter Sandstone
(31.
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APPENDIX 1

GEOLOGIC LOGS OF SELECTED TEST
HOLES IN ALLUVIUM

M£RAMEC RIVER ALLUVIUM

JEFFERSON COUNTY

Appendix 1

Thick Depth
ness (feet)

((lI9tl

43-S-13cbb
Surface altitude: about 398 ft.

Depth to water, 15 fl., June 12, 1968

Clay. silty. dark. brown
Clay, silty. sandy. brown
Clay. silty. sandy; contains some gravel
Gravel and sand, medium to coarse
Gravel and sand. silty. brown; contains

a f!?W boYlders
Bedrock

$T. LOUIS COUNTY

43-4·5bdd
Surface altitude: llbout430 ft.

Depth 10 water. 30 It., June 6, 1968

Sill, sandy. brown
Clay, silty, sandy, brown
Clay. sandy; contains trace of gravel
Sand. fine to medium, clayey, light brown
Sarld, madium. silty. clayey. brown;

contains some gravel
Sand. medium to coarse. silty, claYey; contains

some gravel
Sand. coarse to very coarse: contains much

gravel
Bedrock

Thick Depth

"~
(feed

(feet)

7 7
5 12

15 27
10 37

" 78
78

Thick Depth"- (feet)
(fll9t)

2 2
10 12
10 22
5 27

10 37

20 57

, 61
61

44 - 5 - 35bba
Surface altitude: about 410 ft.

Depth to water, 17 ft., June 4, 1968

Clay, silty, dark brown
Clay. sandy. silty, dark brown
Sand, medium. clayllY. brown
Sand. medium. silty. brown; contains gravel
Sand. fine to medium, clayey; contains

gravel
Sand. medium. clayey: contains gravel
sand. medium to ooarse. clayey; contains

much gravel
Bedrock

2
5
5
5

5

'"
26

2
7

12
17

22
32

58
58

43-3-4edc
Surface altitude: about 455 ft.

Depth 10 water, 8 ft., June 5. 1968

Clay. dark gray
Clay. sandy. light brown to gray: contains

some gravel
Sand. very fine to fine. clayey. tan to gray
Sand, fine to medium. gray
Sand. very fine to fine. gf8y to gray-brown:

cOl'llains some gravel
Sand. medium: contains some gravel
Bedrock

44-5-23bbb
Surface altitude: 8bout 410 ft.

Depth to water, 24 ft., Jan. 14, 1969

Thick Depth 44 - 3 - 24dad Thick Depth

"- lfeet) Surface altitude: about 430 ft. "~, (feet)
(feet) Depth to water, 28 ft., June 7, 1968 lfeet)

2 2 Silt, clayey, brown 2 2
Clay. silty. sandy, brown 10 12

15 17 Sand, very fine to fine, sillY, brown 30 "10 27 Sand. fine to medium. silty. brown;
10 37 contains some gravel '" 52

Sand. medium, some fine, silty .c1ayey. brown;
20 57 contains some gravel ,. 71
3 60 Bedrock 71

60

Thick Depth
ness !feed
Ueed

Sand. fine to medium. silty. tan
Sand, medium. silty, brown; contains

some gravel
Sand, medium 10 coarse, brown; contains

some gravel
Sand. medium to very coarse. silty. brown;

contains gravel
Bedrock

12

10

26

12

22

32

57
57

93
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MISSISSIPPI RIVER ALLUVIUM

ST. CHARLES COUNTY

47-7·11ccb Thick o.p", 47·5·14bca Thick o.p",
Sudace altitude; about 410 ft. "~, (feed Surface altitude: about 430 ft. "~

(feed
Depth 10 water. 7 ft.. Oct. 28, 1969 lfeed (feet)

Sand. line. light tan 2 2 Sand.~ fine to fine. brown 7 7
Clay, sandy, dark brown 11 13 Clay, brown 16 23
Sand. medium. clayey, dark brown 4 17 Sand. very fine to fine. silty, gray-brown 9 32
Sand. medium to coarse. gray-brown 15 32 Sand, fine to medium, gray-brown 5 37
Sand, coarse to very coarse, gray-brown; Sand, medium to gray-brown 5 42

contains some gravel 90 122 Sand, fine to very COilfSJ!!, poorly sorted.
gray-brown 10 52

Sand, coarse, gray-brown 20 72
48-7·358bd Thick Depth Sand, coarse to very coarse; contains someSurface altitude: about 416 h.

"~ (feet) gravel 25 97
Depth to warer 9 ft.. Jan. 23, 1969 (feet) Sand. very coarse, gray-brown; contains

some gravel 12 109
Clay, silty. brown 17 17 Bedrock 109
Clay. silty, sandy, gray. brown 10 27
Sand, very fine to fine, silty, gray-brown 15 42
Sand, very fine to very coarse, poorly sorted. 44 - 1 . 14cab Thick o.p",

gray-brown; contains some gravel 5 47 Surface altitude: 8bout468 ft. "~, (feet!
Sand. medium to coarse; contains gravel 45 92 Depth to water, 14 ft., Feb. 10, 1967 (feed
Sand, coarse to very coarse. gray-orown;

contains some graYllI 16 108 Silt. clayey. dark brown I 1
Gravel and boulders 1 109 Silt, light brown 5 6
Bedrock 109 Sand, very fine to fine. silty. clayey.

brown 10 16
Sand. fine to medium. gray-orown 15 31
Sand, medium, gray-brown. some coarse, trace

10 41of very coarse sand48·6·15ada Thick o.plh Sand. medium to coarse, gray-orown. some verySurface altitude: abooJt 423 ft. "~ !feet! coarse sand, some very fine gravel 10 51Depth to water, 3 ft., Feb. 6, 1969 Used Sand. medium, gray-brown. some coarse to very

Clay. dark gray 15 15 coarse sand, contains some gravel from
62-66 ft. 29 00Silt. clayey, sandy, dark gray; contains Bedrock 00gravel 12 27

Sand, fine to medium. dark gray 10 37
Sand, medium to coarse, gray; contains

some gravel 5 42
Sand. very coarse, gray; contains much

44 - 1 - 23cab Thick Depth"_, 5 47
Surface altitude: about 471 ft. ness (feet!Sand. coarse. silty, gray; contains some

Depth to water, 18 ft., Feb. 10. 1967 (feet},,-, 45 92
Sand, coarse to very coarse, gray-orown;

Clay, silty. brown 1 1contains gravel 10 102 Sand, fine, tan. some very fine 8 9Sand and gravel 8 110 Clay, dark brown 2 11Bedrock 110 Sand, fine to medium,light brown, trace of
very coarse 15 26

Sand, medium. gray-brown, some coarse, some

Thick Depth fine; gravel lers from 37 to 39 h. 15 4148 . 6 . 221!1da
Sand. medium to coarse, some very coarseSurfllC9 altitude: abou1440 ft.

"~ lfeetl sand. some very fine gravel 15 56Depth to water, 21 ft., Feb, 6, 1969 lfeed Sand. coarse to very coarse. some medium

2 2 sand. some very fine to fine gravel 5 61Clay.silty,gray
Sand. very coarse, and vetry fine gravel 44 105Silt, sandy. clayey. brown 10 12 Bedrock 105Sand. very fine to fine. silty, brown 15 27

Sand, fine to medium. brown 5 32
Sand. medium to coarse. brown 5 37
Sand, coarse to very coar$(!. brown; contains

trace of gravel 5 42
Sand, medium to coar$(!, gray-orown 10 52
Sand. fine to medium. gray 20 72
Sand. medium to coarse, gray;contains

trace of gravel 5 77
Sand, coarse to very coarse. gray-brown;

cootain$ gravel 25 102
Sand, medium to coa~;contain5 some

gravel 20 122
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ST. LOUIS COUNTY

47-5-28ddd
Surface altitude: IIbout 437 ft.

Depth 10 water, 17 ft.,Feb. 10,1967

Thick Depth
ness (feet!
(feed

Appendix 1

Clay, silty, gray-brown 4 4
Silt,light gray-brown 5 10
Sand, mediLll1l.light brown 16 26
Sand, mooium to coarse. gray-brown, some very

coarse. trace of very fine gravel 20 46
Sand, medium to very COllfSe, gray-brown, trace

of very fine to fine gravel 15 61
Sand, coarse 10 very coarso, gray-brown, some

maclium sand, some very fine to maclium gravel 10 71
Sand, very coarse, gray-brown, some medium to

coarse sand, much very fine gravel, some fine
to medium grovel 45 116

Bedrock 116

47-5-29dbd Thick [lop'"
Surface 8ltitude: about 440 ft, OK. (feed

Depth to water, 24 ft.,Feb. 10, 1967 (feet!

Sand, very fine to fine. silty, brown 11 11
Sand, medium, light tan 10 21
Sand, medium to cOiIrse, tan, some very coarse

sand from 26 to 36 f6ll1 15 36
Sand, coarse, some medium. some very coarse.

trace of very fine gravel 20 66
Sand, very coarse. gray-brown, some medium

to coarse sand, much very fine to fine gravel 10 66
S3nd, very coarse. much very fine gravel, some

medium to coarse sand, some gravel 1 inch
I~, 30 96

Bedrock 96
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WATER RESOURCES OF THE Sr. LOUIS AREA, MISSOURI

APPENDIX 3

STREAMFLOW STATISTICS AND FLOW-VARIABILITY DATA

FOR MISSISSIPPI AND MiSSOURI RIVER STATIONS

Statistical and flow-variability data are presented
so that water managers and planners will have values
of daily streamflow in a form wh idl is readily
adaptable to their needs.

Further analysis of these data was not justified
at this time. Ho.....-ever, future research plans of the
Water Resources Division include systems analyses of
the Mississippi and Missouri basins.

Scientific notation (for example, 0.036=0.36x
10-1) is used in the statistics of monthly and annual
means. In this format a decimal is always placed
immediately to the left of the first digit in the
mantissa, with the two digits immediately after
the "E" indicating the exponent of 10 neroed to
compute the correct data value. The following
examples illustrate the use of the "E" format:

-0:424 E ......1)1 .. ......1).424 X 10-1 .. -0.0424
0.424 E ......1)1" 0.424 X 10-1 .. 0.0424
0.424 E 00" 0.424 X 10°, 0.424
0.424 E 01" 0.424 X 10 .. 4.24

98

The lowest and highest mean disdlarges for
each year and their ranking are shown for each of the
three stations in this appendix. The order numbers
are included for the convenience of the user who may
want to construct frequency curves for these stations.
Note that climatic year data (April 1 . March 31)
used in computation of lowest mean discharges and
water year data (October 1 - September 30) are used
in computation of highest-mean--discharge data.

Tables of duration of daily discharges are
shown for each station. A cumulative frequency
curve (flow--duration curve) showing the percent of
time during which specified discharges .....-ere exceeded
in a given period may be plotted from these data.
Logarithmic probabilitv paper is recommended for
these plots because it tends to straighten the flow­
duration curve.
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LOIooEST MEAN CISCHh.RGE. IN CFS. AND MANK (NO, FOR THE FOllOWING NUMBER "" CONSECUTIVE DAYS IN YEAR ENDHIG MARCH 31 g hi

~ '"• 0• ."
a1~ 15000~O • 15800!O , 19bOO!O • ul>ob~o • 2510a~O • 2110S?O • 2'lIOO~O , 300~a~O , 308bS~o , ,!!!~~\ , -S ';i
1935 2HOO.O " 24100.0 " 25100.0 " 21100.0 " 29600.0 " 32500.0 " ]3000.0 , 33600.0 , 31100.0 • 1>1900.0 • '"L93t 21200.0 " 211500.0 " 31000.0 " 3l900.0 " 3'0800.0 " 36800.0 " 41000.0 " '06600.0 " 46100.0 " lcoooa.o " '"1<;131 21600.0 " Z16lJO.O , 21700.0 , 21900.0 , 22300.0 , 25300.0 , 30400.0 • 41100.0 n "2200.0 " nooo.a " '"1941 2HCO.O " 25800.0 " 21200.0 " 28300.0 " 30'000.0 " 30900.0 • )5900.0 " 40800.0 " 44300.0 " 5MIOO.0 , ...
l'lU 21000.0 , 21900.0 " 26200.0 " 261000.0 " 28600.0 , 38300.0 " 58700.0 " 68300.0 " 93900.0 " 113000.0 " 0
1 ~,+3 ,+8100.0 " '+geoo.0 " 50100.0 " 54900.0 " H 500. 0 " 83100.0 30 86200.0 30 8'l200.0 " 'l5000.0 " 121000.0 " ~1944 30600.0 " 3L 100.0 " 35100.0 " 31'+00.0 " 40300.0 " 43600.0 " 4'+200.0 " '+6"00.0 " '+9600.0 " 120000.0 "1945 ~0200.0 " 301>00.0 " 311CO.O " 33300.0 " 34900.0 " 31200.0 " 38800.0 " 39400.0 " 4"100.0 " 114000.0 " :..

'"L~4t 41100.0 30 43100.0 30 "5900.0 30 41300.0 " 52&00.0 " 58100.0 " 59'l00.0 " 661>00.0 " 11300.0 " 135000.0 " ~I ~"1 3.... 00.0 " 36300.0 " 31100.0 " '+2200.0 " 51900.0 " 55300.0 " 58200.0 " 65600.0 " 10100.0 " 92000.0 "L9 .. 8 28000.0 '" 28300.0 " 28700.0 " 29900.0 " 3"800.0 " 39500.0 " 41000.0 " 42200.0 " ....600.0 " 128000.0 " '"1949 15800.0 , 17600.0 , 22500.0 , 23500.0 , 25200.0 • 26500.0 , 28500.0 , 30000.0 , 38200.0 " 80200.0 " [?j1950 19000.0 , 20"00.0 , 21600.0 , 23500.0 , 30800.0 " BIOO.O " 35100.0 " 35100.0 , '+7400.0 " 19200.0 " 0
19~ 1 22500.0 " 22900.0 " 2'+1 00.0 " 21>"00.0 " 28500.0 , 30"00.0 , 33600.0 , 35400.0 , ]7800.0 , 91900.0 " §;
L~ ~2 j5"00.0 " 39300.0 " '+5100.0 " 52400.0 30 70200.0 30 89000.0 " 93000.0 " 95800.0 " 98200.0 30 153000.0 " -I 9~) 25700.0 " 29000.0 30 29300.0 " ]1000.0 " 32900.0 " 34800.0 " ]8300.0 " 40000.0 " 41)00.0 " 103000.0 "1"54 27LOO.0 " 27200.0 " 28900.0 " 29300.0 " 30100.0 " 32300.0 , 34800.0 " ]6200.0 " 36800.0 • 15300.0 ,
1955 31>100.0 " ]8~00.0 " "3100.0 " '+6600.0 " 50100.0 " 57900.0 " 61400.0 " 61>800.0 " 11800.0 " 95500.0 "
L~,i 23600.0 " 25200.0 " 21>]00.0 " 21800.0 " 31200.0 " B700.0 " 3"300.0 , 34600.0 7 36400.0 • 1>1200.0 •
L'l51 11400.0 7 18800.0 , 191000.0 , 20500.0 , 21800.0 , 21>400.0 2 2'l"00.0 • 31300.0 • 35000.0 , 510600.0 ,
1 958 30200.0 " 313CO.0 " 32900.0 " 33500.0 " 31200.0 " 42500.0 " "5400.0 " 46800.0 " 411"00.0 " 79000.0 "1959 18500.0 , 19600.0 • 22100.0 • 25400.0 , 28300.0 , 29200.0 , 33500.0 , 32500.0 • 31500.0 , 111000.0 ,
L~6C 28'>00.0 " 29900.0 " 31200.0 " ]8500.0 " 51100.0 " 51200.0 " 58600.0 " 64500.0 " 10'l00.0 " 90100.0 "
'9t! 268CC.0 " 28/000.0 " 30800.0 " 31800.0 " BIOO.O " 35700.0 " 39800.0 " "3900.0 " "7900.0 " 11"'000.0 "1962 28200.0 " ]0400.0 " ]0800.0 " 32700.0 " "'0200.0 " 60800.0 " 60500.0 " 72800.0 " 89"00.0 " 110000.0 "IH3 23400.0 " 24100.0 " 26200.0 " 210700.0 " 29200.0 " B500.0 " 351000.0 " 39500.0 " 4'l900.0 " 101000.0 "1'l6" 1<)200.0 7 1<)<)00.0 , 21500.0 , 22600.0 , 23200.0 , 26800.0 • 27300.0 , 21200.0 , 29000.0 , 51200.0 ,
1965 P800.0 • 19<)00.0 , 20700.0 , ·22200.0 , 27000.0 , 32300.0 " 34500.0 " 36300.0 " 37700.0 , 68100.0 ,
1966 35100.0 " 36100.0 " 41300.0 " 43000.0 " 45400.0 " 63000.0 " 19000.0 " 90000.0 30 98500.0 " 1"'1000.0 "L~67 19200.0 , 20'l00.0 , 21500.0 • 23600.0 , 30300.0 " 35300.0 " 36000.0 " 38900.0 " 42300.0 " 82400.0 "
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11ICHSl MEAN DISCHARGE, IN tfS. 'NO RANKING. FOR THE FOLLOWING HUMBER Of CONSECUTIVE DAYS IN YEAR EHOING SEPTEMBER " '"g
~

"Yl'R • , 1
8lI8ob~o " " '0' ." ,n ANNUAL •t9H 91200.0 " 96800.0 " 9<0100.0 " " 15800.0 32 51900.0 " 52100.0 " ~1100.0 " 42900.0 " 37200.0 " '"1915 231000.0 .. ZZIOOO.O .. 216000.0 .. 20)000.0 .. 199000.0 15 lllOOOO.O " 172000.0 U 170000.0 " 150000.0 " 107000.0 "

l'Illl 218000.0 " 209000.0 " 189000.0 2S 181000.0 ,. 116000.0 ZO 168000.0 .. 156000.0 .. 131000.0 .. 10)000.0 ,. 72700.0 "IqJl 253000.0 " 251000.0 .. 240000.0 " ZOlIOOO.O 11 176000.0 " 153000.0 " 155000.0 .. 145000.0 11 125000.0 " 8/0500.0 "1'i4e 121000.0 H 114000.0 H 102000.0 " 96700.0 " 8'11I00.0 H 71300.0 H 11000.0 " 71100.0 " 64600.0 H 41200.0 "
I'H I ~ 190CO.O " 2UCOO.O " 201000.0 " t 94000.0 " 170000.0 " Itooooo.o " 129000.0 " 117000.0 " 95600.0 " 12100.0 ,.
I<;IH 2SJOOO.0 .. 2't8000.0 IS 2't1000.0 .. 210000.0 " 202000.0 " 18)000.0 " 160000.0 .. 161000.0 IT 150000.0 " lllooO.O ,
IU~ U4CCO.0 I 416000.0 I ll!l1000.0 I ].]6000.0 , 296000.0 • 268000.0 • 244000.0 , 227000.0 • 1<;11000.0 , 142000.0 I
1<;144 392000.0 , 386000.0 , 311000.0 , 34]000.0 , 295000.0 1 274000.0 , 256000.0 , 233000.0 , 182000.0 • 115000.0 ,
IHS 301000.0 .. 103000.0 .. 296000.0 .. 284000.0 10 265000.0 • 238000.0 • 239000.0 • 2UOOO.0 , 115000.0 1 112000.0 to

1946 H3000.0 to H 1000.0 10 2<;19000.0 10 266000.0 .. 241000.0 .. 185000.0 IT 161000.0 .. 160000.0 .. 148000.0 IT 10"000.0 "19U 318000.0 • 374000.0 • 362000.0 • 360000.0 , ]51000.0 , 281000.0 , 214000.0 I 249000.0 • 181000.0 , 121000.0 •
I~U ]62000.0 • 359000.0 • 148000.0 • H6000.0 • 264000.0 10 Z15000.0 10 187000.'0 II 156000.0 .. 121000.0 .. 112500.0 "1'""<;1 218000.0 " 217000.0 " 211000.0 " 19]000.0 " 178000.0 .. 167000.0 .. 146000.0 " IHOOO.O " IHooO.O " 75200.0 "10; 50 256000.0 IT 252000.0 IT 250000.0 IT 242000.0 U 225000.0 " 208000.0 .. 195000.0 10 L86000.0 to 158000.0 10 106000.0 ..
1<;51 ]30000.0 • 328000.0 • 323000.0 • ]19000.0 1 ]16000.0 , 216000.0 • 237000.0 T 238000.0 , 208000.0 I 1]0000.0 ,
19!2 3]7000.0 , ]31000.0 1 ]]5000.0 T 321000.0 • 29)000.0 • 258000.0 , 223000.0 • 200000.0 • 168000.0 • 130000.0 •
19!] 232000.0 " 229000.0 " 211GOO.0 .. 194000.0 " 172000.0 " 154000.0 " 1"1000.0 " UI!oOOO.o " 124000.0 n 85300.0 "I <;I!" 1'l1!o0(0.0 " 1<;15000.0 " 19]000.0 " 181000.0 " 163000.0 " 152000.0 " 145000.0 " 1]]000.0 " 108000.0 " 12900.0 "I" ~ ~ 2C7000.0 " 205COO.0 " 200000.0 " 116000.0 " 151000.0 " 130000.0 " 126000.0 " 1I'11000.0 " 10]000.0 " 8],]00.0 "
I <;I5t! 162000.0 " 1'>2000.0 " 11,0000.0 " 1]6000.0 " 126000.0 " 110000.0 " 95500.0 " 81800.0 " 11600.0 ,. 51200.0 ,.
10;51 114000.0 ,. 166000.0 ,. lUOOO.O " 137000.0 ,. 135000.0 " 1)2000.0 " 1]0000.0 " 127000.0 " 105000.0 " 1'1200.0 "IHe 20'oC(0.0 " 201000.0 " 181000.0 " 156000.0 " 145000.0 " 127000.0 " 106000.0 " '116'1100.0 " 90000.0 " 68500.0 "1 .. ! Ii 219000.0 " 218000.0 " 21'0000.0 ." 201000.0 " 181000.0 .. 154000.0 " 142000.0 " 117000.0 " 113000.0 " 16000.0 "I" bC ]11,000.0 , ]11000.0 , 362000.0 , ]]8000.0 • ]02000.0 , 218000.0 , 2Sl000.0 • 224000.0 , 118000.0 , 121000.0 1

1<;61 2,"5COO.0 n 2't2oo0.0 " 2]2000.0 .. 2ll000.0 " 184000.0 n 110000.0 n 158000.0 n 1l9000.0 " ll5000.0 .. 84000.C "I .. n ll6000.C • ]],"000.0 • 32'11000.0 • l16COO.0 • 305000.0 • 254000.0 • 226000.0 • 19'11000.0 • 161000.0 , 129000.0 ,
10;' 1 111000.0 " 111,000.0 " 16'0000.0 " 161000.0 " 150000.0 " l2 5000. 0 " 120000.0 " 101000.0 " 81600.0 " 64600.0 "1 '16 '0 20,"OCO.0 ,. 1<;13000. 0 " 166000.0 " 150000.0 " 134000.0 ,. 116000.0 ,. 100000.0 ,. 88900.0 " 10800.0 " 51200.0 "1<;' 5 J80000.0 , 378000.0 , 316000.0 , 365000.0 • 359000.0 I 295000.0 I 252000.0 , 214000.0 • 176000.0 • 118000.0 •
\0;" 256000.0 .. 2HOOO.O " 228000.0 n 211000.0 " 1119000.0 " 185000.0 " 178000.0 " 166000.0 12 146000.0 J4 11I000. 0 ..
1"'1 26,"000.0 " 21!o2000.0 12 258000.0 " 2ltltOOO.0 12 223000.0 IT 182000.0 " 165000.0 " 159000.0 " 128000.0 15 84900.0 n
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~
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S w



CLASS m lOT Al ACCU~ PEIlC T CLASS m TOTH ACCUM P~l\CT CLASS m TOTAL ACCUI' PEIICT CLASS '" TOTAL AfCUfol PfPCT
0 c.CC 0 ll/oa ~ 100.0 , 3'0000.00 '" 10099 8/0. ~ " 8"000. a '" 485~ .... S " 210<'100 '" '" '", 15CCC.00 , 11/088 100. C " 31COO.00 '" 95.. 9 ~ 1.1 " 92000.0 '" "~~8 38.1 " uonoo '" '" .. ,, IHCC.co , llbHl '19.9 " 41000.00 '" 8Sbb 15. q " 100000.0 '" ~03~ 3~. 'i ,. JSOOOO '" no J.l, Idac.OO " III> 11 99.9 " 4/0000.00 ,.. 8109 b9. ~ " 110000.0 '" 359.. 30. T " J~OOOO HI '" 2.3, .cccC.OO " 111>bO 99.6 n SOOCO.OO '" 7S98 65.0 " 1~OOOO.O '" 771" 23.2 .H 110001'1 " ". ,. ,, }leec.oc '" 1 1S a3 9'1. 1 " 56000.00 ,,, b9llb S9. B " I ..OonO.O '" 21'02 10.0 " 3..0000 " " .,
• <,;eee.oo '" Il"C2 91.0 " I>2COO.OO '" b~I" S~.~ " 150000.0 '" lMT 11.b )) 380000 • • .0, '<HCO.('C '" II 12~ '15.2 " 68000.01) '" 59), 50.8 " 170000.0 ", I/o I a 13.8 " "200011 , , .0, ~C((O.CC 1~B ICESI '12.9 " 76000.00 '" SlS9 .. 5.9 " 1'10000. a '" III I 10. a
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0

lOWEST MB1'f OISo<nCE. I ~ (FS. ,,, IUNKING. '0' THE FOLlOIIINr. NUMBER OF CON~E(UTIYE O~VS IN '(EA<l. £"'OING "~DCH 31
X
W

'fEU 1 3 T .. 30 " " 130 "3 4f<lNUU
0'

19'0 115000.0 " IsoeD.a " 15600.0 " 18700.0 30 20/000.0 '0 2b200.0 " 30000.0 " 33200.0 " 33800.0 16 9-\00.0 "
g

1931 115800.0 " 15900.0 " 16700.0 " 17400.0 " 19100.0 16 22900.0 16 26800.0 " 2<>100.0 16 lilOO.a " 47500.0 10
5-

1932 11'300.0 " 18400.0 " 20200.0 30 22900.0 " 2/0000.0 ,. 2fl<>OO.O " )2)00.0 " 32400.0 " 39700.0 " 5)400.0 .. ;;
19)) 10100.0 , 11100.0 , 11400.0 , 15100.0 " t8100.0 " 22200.0 13 24\00.0 l3 27500.0 13 n400.0 .. 55<100.0 " "19]4 12400.0 13 12800.0 13 \3'000.0 " 11800.0 , 15200.0 , 20300.0 10 21100.0 T 21500.0 T 21200.0 ., 4S100.0 l3
1935 1'>"00.0 " 15000.0 30 15300.0 " 16000.0 .. 18800.0 15 21800.0 " 2'0300.0 " 25200.0 , 29300.0 l3 37600.0 ,
1936 9300.0 , '1110.0 , 11700.0 , 13400.0 , 15000.0 5 16400.0 , 23400.0 10 18700.0 15 28500.0 , 18S0D.Q "1937 12600.0 " 1)400.0 " 13"00.0 13 1bl00.0 15 11400.0 11 20600.0 11 2'59'0.0 10 28400.0 l' ;>1900.0 • 4'5'100.0 ,
19)8 8300.0 , 8430.0 3 8930.0 , 10300.0 3 12\00.0 , 13500.0 , 15100.0 , 15200.0 , 19000.0 , 41000.0 ,
1919 12600.0 " 13500.0 " 14600.0 10 11200.0 10 20100.0 " 22300.0 l' 25300.0 l5 21100.0 " 32400.0 15 1>2000.0 "19100 "200.0 1 1t20D.O 1 4HO.O I 10810.0 1 6$50.0 1 9030.0 1 11800.0 1 13000.0 1 15100.0 1 43300.0 ,
1941 12200.0 " 12800.0 l5 13'100.0 I' 15900.0 13 Ib600.0 , 17/000.0 T lHOO.O , 19900.0 , 26700.0 5 35'100.0 ,
1'142 14000.0 " 16'.00.0 " 18800.0 " Z3200.0 " 31700.0 " 381100.0 " 51000.0 36 57100.0 36 67400.0 36 7'1000.0 "19<03 23200.0 " 24300.0 " 25400.0 35 27500.0 35 38100.0 36 ..:noo.o 36 41100.0 " 54600.0 35 'Sf'loc.n " A7'100.0 "19<0" 17'100.0 " 19100.0 " 18800.0 " 19100.0 " 19900.0 " 2b800.0 " 29000.0 " 32100.0 " 35500.0 '" 91200.0 "1945 22900.0 " 2"300.0 " 24900.0 3' 2b800.0 ,. 30100.0 " 3b200.0 " 4"000.0 33 .... 100.0 31 5.... 00.0 " 109000.0 36

19"b 10000.0 T 10500.0 , 11800.0 T 12800.0 , 18200.0 13 2b500.0 " 3'0100.0 " ....1100.0 " 50800.1'1 " 102001).0 "1'l4 7 12800.0 " 15000.0 " 11000.0 " 21000.0 " 2btOO.O 30 21'l00.0 " 33000.0 " 38200.0 " 51000.0 " blbOO.O "L9"8 111000.0 30 18800.0 30 20"00.0 31 21500.0 " 24200.0 " 28200.0 " 32200.0 " 31bOO.0 " "0~00.0 " 10"1000.0 "\<l .. '1 1'1500.0 " 1'11>00.0 " 20100.0 " 22100.0 30 24400.0 " 34100.0 " "0100.0 30 "1200.0 30 52300.0 30 8'1500.0 30
1950 24'100.0 3T 21'000.0 3T 2'1300.0 3T 31300.0 36 32500.0 35. 42000.0 35 50300.0 35 52'100.0 " 59300.0 " 83600.0 "
1 '151 11000.0 , IHOO.O 11 l"bOO.O \5 1'1400.0 " 23'100.0 ,. 25800.0 " 30200.0 " 3b600.0 " snoo.o " "10400.0 31
IH2 23500.0 36 24300.0 36 21200.0 36 14"00.0 3T "1400.0 " 51800.0 " 61>400.0 3T 1'1000.0 " 91300.0 " 1511000.0 "1951 18900.0 31 19000.0 31 l'1bOO.O " 21200.0 " 23500.0 " 25000.0 " 2'l100.0 " 3~000.0 " 3b\00.0 " 1b800.0 "l'U" 12~00.0 " \2800.0 " 13200.0 11 14000.0 10 11>100.0 , 18800.0 , 21100.0 , 2"500.0 , 28800.0 10 4QbOO.0 "IH5 11000.0 " 18300.0 " 20100.0 " 21000.0 " 23100.0 22 25100.0 " 27400.0 " 30400.0 " 3b800.0 " "'1\ 00.0 "
I'lSb 11800.0 11 12100.0 10 12300.0 , 14200.0 11 15300.0 7 Ib100.0 , IHOO.O , \8200.0 3 21500.0 T 38100.0 ,
1'157 9000.0 5 10100.0 , 12200.0 , 11'100.0 , 14900.0 • Ib200.0 3 Inoo.O 3 18400.0 , 22800.0 3 121100.0 1
19S11 15000.0 " Ib300.0 " 11300.0 " 20800.0 " 23400.0 " 2blOO.0 " 28"00.0 " 30200.0 IT 35100.0 IT 511500.0 IT
t "15'1 12800.0 " 13500.0 " 15700.0 " 11800.0 " 20"00.0 " 23'100.0 " 30400.0 " 3"100.0 " "~bOO.O " 73"00.0 "19bO 21"00.0 " 22000.0 33 24100.0 33 25bOO.0 33 2b200.0 31 32500.0 30 40300.0 31 41000.0 " 52"00.0 31 bHOO.O "
l'lbl 11000.0 10 11200.0 , 12'000.0 10 13800.0 T 18500.0 " 22500.0 \5 25"00.0 \5' 10300.0 " 15bOO.0 " 1"100.0 "191>2 28800.0 " 10500.0 " 3'>800.0 " 31>200.0 " 39900.0 3T 43500.0 5T b8800.0 " 15500.0 3T 83900.0 3T 103000.0 "19b1 7530.0 3 8510.0 , 9290.0 , 11500.0 • 11>700.0 10 19300.0 , 22000.0 , 26900.0 11 31500.0 " 57"100.0 16
19"" 6210.0 , 6"90.0 , 1400.0 , 9360.0 , 14000.0 , 16300.0 • 17200.0 • 19000.0 5 25"00.0 , 31500.0 ,
19/)5 15"00.0 " 17000.0 " 18900.0 " 20800.0 " 23500.0 " 32000.0 " 35000.0 " 36800.0 " 3"1800.0 " 58~00.0 '"
1966 15000.0 " 15900.0 " U200.0 " 11500.0 " 30100.0 32 41000.0 " '>3900.0 " 50"00.0 33 58100.0 " 85100.0 "

,.
1'Ib7 1"300.0 " 1"800.0 " U900.0 " 19100.0 " 20100.0 " 23800.0 " 2'>300.0 13 2b200.0 10 31500.0 13 "6 100.0 ,

~•!l,
8

,
""



'& :l> ~"0
"0 OJMISSOURI R • V E R AT HERMANN, MO. 06934500 m
2 '"HIGHEST ~E.il.N 01 SCHAFl.GE, IN CFS • ." RANK ING. '" THE FOtln~ING NU~8ER. OF CONSECUTIVE DAYS IN VE.il.R, ENDING SEPTE~6EP " 0 '"X c:
w 0

c:
yeAR , , , 15 " " " '" '" ANNUAt 0- '"1929 ~OTOOO.O , <"01000.0 , 371000.0 , 309000.0 , 213000.0 , "BonD.n , 2371:10a.O , 217000.0 , 171000.0 , t 14000.0 , g "I'HO 164000.0 " 151000.0 " 149000.0 " 131000.0 " 109000.0 " "11800.0 " 81>900.0 " 63800.0 " 15bOO.O " '50;400.0 " g. c:
1931 121000.0 " 94700. 0 " 11500.0 " 61200.0 " 56300.0 " 5....00.0 " 51900.0 " 49300.0 " 44200.0 " 31100.0 "

0 0
• ."1932 261000.0 n 262000.0 n 233000.0 n 185000.0 " 135000.0 " 114000.0 21 97900.0 " 91400.0 21 81100.0 'I 10300.0 '" ~ 'i!I'lB 118000.0 " 168000.0 " 151000.0 " 145000.0 " 128000.0 21 103000.0 2l 'HOOO.O " 86100.0 2l 70900.0 " 51900.0 "191'0 82000.0 " 70&00.0 " 58000.0 " 48000.0 " 4b800.0 " 41ClOO.0 " 38000.0 " 3R900.Cl " 35bOO.O " 2'11100.0 " "'1935 01154000.0 , 450000.0 , 434000.0 , 38'1000.Cl , 322000.0 , 247000.0 , 19011000.0 T 15'1000.0 " 12011000.0 10 eoooo.o " '"'"193b 140000.0 " 133000.0 B 118000.0 B 105000.0 " 96MO.O " 1801100.0 " 11500.0 " 1>1600.0 " 54500.0 " 4ll00.0 " ,...

1931 185000.0 " 1110JO.0 " 154000.0 " 131000.0 " 115000.0 " 9RI00.0 " '11200.0 " ~5100.0 " e4300.0 " 5'1000.0 " 0
19U 22Q000.0 " 224000.0 " 201000.0 21 Ibl000.0 " 142000.0 " 120000.0 " 110000.0 " 10bOOO.0 '" 119000.0 " 5b600.0 " ~1939 244000.0 " 232000.0 20 199000.0 " 16bOOO.0 21 127000.0 22 105000.° 22 94900.0 21 93100.0 20 le400.0 22 53200.0 "1940 101000.0 '" 99100.0 " 831>00.0 " 1'>8600.0 " 60000.0 " 53400.0 " 50'100.0 " 4RIOO.O " 45600.0 " 31000.0 " >.
1'141 250060.0 " 249000.0 '" 223000.0 " 159000'.0 " 121000.0 " 85600.0 " 89600.0 " 16800.0 30 61400.0 30 41400.0 " '"1942 425000.0 , 408000.0 , 366000.0 , 322000.0 , 241000.0 • 204000.0 , Ib'lOOO.O , 149000.0 , 122000.0 11 105000.0 , ~
1943 544000.0 , 51'1000.0 , 410000.0 , 353000.0 , 274000.0 , 253000.0 , 207000.0 , H12000.0 , 13"1000.0 , '16500.0 ,

'"1 944 5b5000.0 , 525000.0 , 464000.0 , 3'10000.0 , 330000.0 , 222000.0 , 202000.0 , 180000.0 , 152000.0 , 95'100.0 "1'145 3'16000.0 , H'IOOO.O , 310000.0 T 301000.0 10 244000.0 10 211000.0 , 2t1000.0 , 20"1000.0 • 110000.0 , 110000.0 , 8i
1946 202000.0 " 1'11000.0 " 110000.0 " 123000.0 " 881CJO.0 " 80800.0 " 11200.0 " 11200.0 " 14400.0 " 61900.0 "

0
1941 01184000.0 , 418000.0 , 460000.0 • 40'1000.0 , 352000.0 , 260000.0 , H'IOOO.O , 216000.0 , 165000.0 , 10ROOO.0 , §6
1948 330000.0 U 322000.0 " 298000.0 " 251000.0 " 184000.0 " 163000.0 " 131000.0 " 121000.0 " 118000.0 12 19'100.0 "

,
194'1 235000.0 21 228000.0 21 201000.0 " 198000.0 IT 111000.0 " 166000.0 12 l'o6000.0 12 142000.0 10 135000.0 , 92100.0 ,
1950 263000.0 '" 248000.0 " 224000.0 '" 181000.0 '" 155000.0 '" 14bOOO.0 " 141000.0 " 138000.0 11 125000.0 , 9'200.0 10

1951 615000.0 , 600000.0 1 554000.0 , 523000.0 1 481000.0 , 344000.0 , 2.113000.0 1 251000.0 1 2:23000.0 1 139000.0 ,
1952 3b6000.0 11 362000.0 11 341000.0 10 HOOOO.O , 212000.0 , 216000.0 " 181000.0 " 160000.0 , 13'1000.0 " 101000.0 •
1'153 114000.0 " It.5000.0 " 140000.0 " 1t1>000.0 " 102000.0 " 91>300.0 " 119000.0 " 89500.0 22 15100.0 " 55100.0 "1954 142000.0 " 131000.0 " 101000.0 " 81>000.0 " 84000.0 " 68100.0 " 601>00.0 " n900.0 " 52900.0 " 40800.0 "1955 118000.0 " 161000.0 " 116000.0 " 10011000.0 " 88100.0 " 15bOO.O B bl000.0 B b4200.0 B 511'100.0 " 41200.0 "
1956 13'1000.0 " 125000.0 " 98000.0 " 15000.0 " 58100.0 '" 4'12.00.0 " 412.00.0 '" 4b100.0 '" 42900.0 '" 35100.0 "1951 192000.0 " 186000.0 " 116000.0 " 155000.0 " 123000.0 " 114000.0 20 94000.0 22 8booO.0 " 10'100.0 " 41000.0 "1958 331000.0 12 331000.0 12 310000.0 " 269000.0 " 240000.0 11 162000.0 " 131000.0 " 115000.0 IT 10bOOO.0 " 1'500.0 IT
1 '15'1 189000.0 " 180000.0 " 156000.0 " 127000.0 " 118000.0 " '13400.0 " 86300.0 " 82.100.0 " 142.00.0 " 51100.0 "1 '11>0 328000.0 " 32bOOO.O " 311000.0 12 285000.0 11 232000.0 12 186000.0 10 150000.0 10 135ClOO.0 " 101000.0 " 19200.0 "
1961 401000.0 , ]89000.0 , 351000.0 , 2.1011000.0 12 201000.0 " 164000.0 " 1411000.0 11 12'1000.0 " 113000.0 " 19200.0 "1 '162 215000.0 " 261000.0 " 241000.0 " 223000.0 " 111000.0 " 132000.0 IT l2.0000.0 n 105000.0 " 100000.0 " 84'100.0 11
1963 134000.0 " 130000.0 " 1l0000.0 " '1011tOO.O " 16600.0 " 64300.0 " 65100.0 " 61'100.0 " 55300.0 " 4~000. 0 n
1'164 19'1000.0 " 194000.0 " 119000.0 " 114000.0 " 124000.0 " '16000.0 " 90000.0 " 81100.0 TO 6'1400.0 " 41400.0 "1965 30"000.0 " 300000.0 " 213000.0 " 198000.0 " 15'1000.0 IT 131000.0 to 120000.0 to 11'1000.0 " Ill000.0 " 80100.0 "
1 '166 182000.0 " 165000.0 " 139000.0 " 104000.0 B 81300.0 B 83300.0 " 15300.0 " 69'100.0 " 61300.0 " 5'1At'J0.O 21

1967 361000.0 10 363000.0 10 H5000.0 \I 315000.0 , 255000.0 , 11011000.0 11 141000.0 " 125000.0 " 101000.0 IT 66500.0 "



OU~A'ION 'AeLE Of DAILY DISCHARGE FOR TE'~ ENDING SEPTEMeER 3D

MISSOURI R I V E R AT HERMANN, MO. 015934500

CfS_I)US
24258100.0

CLASS '" TOTAL ACCUM PEReT CUSS '" TOTAL ACCUIl PEReT CLASS '" TOTAL ACCUM PEReT CUSS '" TOTAL ACCVM PElleT
0 0.00 0 1~2~'" 100.0 • 1"'000.00 '" 1402~ 915.5 10 54000.0 122T 6211 ~"'.1 2T 210000 ITO ". ..,
1 ~200.00 • 142"'~ 100.0 " 16000.00 '" U810 91.0

~6
UOOo.o ... 5050 35.5 " HOOOO 180 '" '.0,

~9oo.00
,

1~l)6 99.9 11 19000.00 '" IH31 93.1> nooo.o '" ~152 29.1 " 280000 122 251 1. ,, 5100.00 • 142]1 99.9 12 22000.00 '" 12119 89.1 21 85000.0 m ))8'" B.& " 330000 " I,. ••• 6600.00 , 1~225 99.9 13 21>000.00 '" 12051 8"'.110 22 99000.0 6O' 2611 18.3 " 3&0000 " " .,, 1100.00 10 1~21& 99.8 " lOOOO.OO ." lU05 79.'" " 120000.0 '" 191) u.~ " 450000 " " .,
• &900.00 " 1~208 99. l' 15 35000.00 1284 10441 n.3 " 130000.0 '" 1684 11.8 " 520000 , , .0, 10000.00 " 1~1 T8 99.5 " "'0000.00 1634 9157 64.3 " 1/00000.0 '" 1114 ,.. ,. 600000 , , .0

• 12000.00 116 14140 99.3 " 47000.00 12"06 15B 52.8 " 180000.0 '" '" '.0



8 " ~-0
-0 ;;:m
Z '"MISSISSIPPI R I V E R AT ST. LOU I S, MO. 07010000 0 '"X ~

LO'olFST ME ~N 01 St'lA'lGE. IN (1'5. ,"0 I'lANK1NG. '0' '" FOLLOW [NC; Nllfol8E~ 0- r.ON$F(;lH I VE nAY~ " YFAIl. FNnrN(, "',1,11.(>. " W C

'"
~

HAil.
g f;i, , ,

" " " " '" '" Ul'lUAL ;;- 0;
1'~3" 35200.0 , 31>600.0 , 40100.0 5 "11'100.0 • .... zoo.o 5 50100.0 5 52.100.0 , <;<'\00.0 , 59'<'00.0 , 120000.0 , C19)5 3"'100.0 , 40500.0 , 421>00.0 , "5200.0 , 50700.0 • St'l100.0 " founD.O II ..... lno.o • """*,00.0 , 100000.0 5 " ."•

~ :;!1936 ")800.0 10 ""100.0 , "6600.0 , SOt-OO.D

"
Sl30n.o I. 5S000.0 • "'7000.0 12 11/100.0 " 1/>400.0 II 119000.0 2'19)7 39700.0 • 39900.0 • "0400.0 • 41200.0 5 "3000.0 , 4"300.1'1 , b0700.0 ,. 10900.0 12 71"00.0 , 125000.0 I. '"I'HiI. 271100.0 , 2,11200.0 2 29800.0 2 3"700.0 2 "0900.0 , 1,5900.0 , .. 1200, n 2 "8100.0 2 ';7900.0 , 124000.0 "

0;
1'1''' 49100.0 " <;1900.0 19 51>700.0 " 5'1"'00.0 19 "'5400.0 " 7...... 00.0 " 11$700.0 " 91)00.n " 11<'000.0 " 171000.0 22 :-<
Iq<.o 2Soo0.0 , 21HOO.0 , 211200.0 1 2111M.('I , 30"0(l.0 , 3~700.0 1 .. 1000.0 , "21000.0 , "SIOO.O , 110000.0 • ...
1""1 ..~SOO.O 15 "7700.0 I' "11000.n 12 ..... '100.0 0 ""1000.0 , '>1",o0.0 , S6200.0 , "1"00.0 , 71100.0 ,. q2700.0 , ~1'1"7 'nl00.0 " 511100.0 22 5'1'.00.0 22 1>0700.0 21 "'2200.0 '" 110000.0 " IllOOO.o " 129000.0 " 161000.0 n 191000.0 '"1q4) 710;>00.0 n 711100.0 n 79500.0 n ""000.0 " 1011000.0 " 12S000.0 " 13"'000.0 " 1"2nOO.0 " 153000.0· II 20"'000.0 29

,.
19..... b6700.0 " M700.0 2S "'1>1100.0 " ,.7noo.0 " 1>7700.0 22 71<'00.0 '" 75300.0 " "'1600.0 20 117300.0 '" 2100('10.0 ,. '"19<,5 6\1000.0 29 "''1000.0 29 1>9200.0 '" 1>'1500.0 " 707no.(J " 7l700.0 " 112900.0 " ..... 100.0 22 103000.0 " '.21000.0 " -~
19..1- 69000.0 ,. 70)00.0 " 71200.0 ,.

71700.0 '" 7"'1\00.0 " ~Q300.0 '" 911000.0 '" IIMOO.O '" 132000.0 ,. 2"0000.0 n 't
l'~"7 70100.0 " 72200.(1 II 73000.0 " 7"'11)0.0

,.
1111700.0 " '11900.0 " 97500.0 " 1011000.0 " 127000.0 ,. 157000.0 " ~\QU '0\500.0 " .... 100.0 , "7"'00.0 10 50?0f1.(I 10 511500.(1 '" 70'.00. n " 110600.0 " 11"1100.0 " 111100.0 " 1.37000.0 "19"9 '>2100.0 20 531100.0 " 55500.0 " 511000.0 n "'BOO.O 19 721M.0 " 7"200.0 '" 7"300.0 15 '15100.0 22 111000.0 20 C

1950 57'100.0 " 591>00.(1 " 62600.0 2' "'3100.(1 " "'7 000.0 " A61l00.0 " '11700.0 " 06000.0 " 115000.0 " 165000.0 19 ~-19'11 "2300.0 0 .... 1100.0 10 50200.0

"
5"''100.0 " "'OOOn.n " 1,5900.0 15 1.'1"00.0 15 73200.0 " 92500.0 " 1I1AOOO.0 "1'152 110"'00.0 " 112100.0 .. "'5'100.0 " 1191100.0 " 1120M.0 .. 1.... 000.0 .. 1/02000.0 " IlIooon.o " Iq"ooo.O " 307000.0 "1953 511000.0 " 591100.0 " 61<,100.0 " 63700.(\ " "'71100.0 " 70"00.0 " 7"100.0 " 73700.0 I' 115500.0 " 1110000.0 "1'15'" "5500.0

"
"7900.0 15 "9000.0 " 50"00.0 " 5'''00.0 II 551>00.0 II "'11100.0 " 1>1900.0 " 66000.0 • 12"000.0 ,

1955 6"/oOO.n " 65"00.0 " 10101000.0 " /07700.0 " 71-00.0 " ""500.0 " 111'100.0 " q7300.0 2S IMooO.O " 1....000.0

"1'1510 ......00.0 II .... 1100.0 II "10000.0 " 47100.0 " 5011I00.0 , '5'000.0 , 52qOO.O 5 57300.0 , 67700.0 , 100000.0 •1957 "5000.n " "5700.0 " "71100.0 II 51"00.0 " .... 1Il00.0 " '5"'500.0 " '5/0"00.0 , "110n.0 5 1<.11100.0 5 91100.0 2
1"511 5 ....00.0 21 56500.0 21 SHO(l.O " 1<.1100.0 " ",noo.o " 7"300.0 22 19/000.0 21 "2700.0 21 1Il5600.0 " 1"1000.0 "19S9 "1600.0 IS "II}OO.O IS ..9100.0

"
'50"00.0 " '53 4 00.0 12 5"'00.0 12 /07000.0 n 7070n.0 II "7100.0 10 l ..qOoo.O "19"0 /05800.0 " 67000.0 " 611I700.0 " 71100.0 " 'l1l400.0 " 101000.0 " 112000.0 ,. 122000.0 29 177000.0 29 155000.0 IS

1"61 ..qOOO.o " "9000.0 " "'nno.o 15 5Moo.n II "4900.0 " ..n,oo.o ,. .. noo.o

"
71000.0 " 117000.0 IS 191000.0 "Iqt.l 71000.0 " 111'1(1(\.(> " 871on.O " "3100.0 " 9""00.0 " 12noon.o " Ill000.0 " 1511000.0 " 1 11I 1000.0 " 21""000.0 "19t.} 3'51100.0 5 nlon.o 5 311"00.n , "09('\0.0 , 411"00.0 , .... 7(10.0 • ... 0100.0 0 "'7100.0 10 '10000.0 2. 11>3000.0 '"19M 3"600.0 , 3'5"no.O , 3,,"00.0 , 37200.0 ,

39~00.0 , "'i5no.0 , .. noo.o , 571100.0 , 511000.0 , 91500.0 ,
19"'0; 0;0"00.0 '0 <;0"'00.0 '" 5nfln.n '" 'illllloo.n " MIIIOO.O " 77100.0 2. 71100.0 IS 11I0100.0 19 111300.0 12 1290nO.0 "
1<i,,/o 70600.0 " 71500.(') " 13700.0 II 77"00.0 " ]0"0(,)0.0 " 13"000.0 " 135000.n " 1.... 000.0 " 175000.0 " 22"'00n.0 "19"7 ....1no.0 " "51>00.0 " "2300.0 " 511200.0 IS "'3300.0 2. 1"500.'" 21 77500.0 20 7ll70n.o IS 112000.0 " 132000.0 "19"11 /07700.0 '" 61112nn.0 '" "'9/000.0 29 7:\500.0 " 11I7] nO.O " '14700.0 ,. l070nn.n " 122000.0 " 126000.0 " 179000.0 "19/0" 77200.0 " 81200.0 " 1111"00.0 " '13500.0 " 106000.0 " 123000.0 " 1311000.0 " 1311000.0 " 1"9000.0 " 177000.0 21



;p......
m
Z

MISSISSIPPI R I V E R AT ST. LOU I S. MO. 07010000 0
X

'lIGHEST I1EAN 01 SCHARr.E. IN ("S. ANn IlMII(!Nr., ,", '"' fOllOW ING NUMIIEIl " CONSECUTIVE DAYS IN YEAR "NOING SEPTFfoltlFll " W

.".g
yEAR 1 , , 15 TO " " 120 lOT ANNUAL S'1934 131>000.0 " 134000.0 " 131000.0 " 124 000.0 " 112000.0 " 911 4 00.0 " 90100.0 " 85400.0 " 7RflOO.O " 1>7700.0 " "\935 649000.0 , ('041000.0 , b2100n.o , 51>0000.0 T 4A6000.0 , 4211000.0 , 31>'0000.0 , 325000.0 10 27 4000.0 10 111<1000.0. IT •

~
I'nl> 332000.0 " 326000.0 " 292000.0 " 274000.0 " 261'1000.0 " 240000.0 " 223000.0 " 201000.0 " 15"000.0 T1 114000.0 "1931 H2000.a " 365000.0 " 330000.0 " 299000.0 " 264000.0 2T 235000.0 " 233000.0 " 231000.0 22 209000.0 21 ]47000.0 "19)11 431000.0 " 421>000.0 " "01000.0 21 357(IM.0 21 343noo.0 " 293000.0 " 779000.0 " 261100(\.0 " 231000.0 " 157000.0 "1939 52<;1000.0 " 514000.0 " 473000.0 IT 3'1t-000.0 IT 332000.0 20 30UIOO.0 " '.52000.0 " 242000.0 " 207000.0 22 14ROOO.0 22
1'l40 lfl4000.0 " 17AooO.0 " It- 4 OOO.O " 14 51'100.0 " 131>000.0 " 125000.0 " lnooo.O " 11'1000.0 " 11I000.0 " 7°100.0 "
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APPENDIX 5

Summary of annual average water-quality characteristics of the Miaaourt River
at Howard Bend Plant near St. Louis. Miuollrl, 1951-70; andyae. by City of St. Louh

lutU ramS " liter.-'0
.0

N-- - G0< 0
0_ 8 • • G
N • - ." €• • - , 0 <0 :::9 t- O- •• if 'Q ~ .. - - • "N -" - " S

0 0 • :0 0_

0 • • -- • 0 ~ 0 • • • • NN

" • 0 ~ • • e <0 • , • " :: "S

e • , , • ! • • , •
" 0 , <0, • • • • •

_
• • • 88• , ! " " ! 0 • • • • > > , • " •

Annual • 0 , • , • • • " " • ". N • • • "average 0 " " • , • 0 • ,
" • • 0"

_ 0 , 0 0 " • --" , , 0 , " • • • N 0 0 " • • 18 .0 0 • • .-
f" year ending

_
0 , _

• ~ • " 0 " " 3 • • • '0 " " •
, • 0

N ." J ! 0 3 "
,

6 " " " :<J !3 8
,

~
00

March 31 • • • • • • • • • 0_ • • .-
1951-······- 13 0.5 52 14 4< 0 172 107 19 5.7 344 140 188 18 1,760 8.1 13 7,500
1952-------- 12 0.3 52 14 JO 0 "8 " 17 5.8 JlJ 137 189 15 1,400 8.0 13 6,800
1953-·----·· 14 0.4 59 18 47 0 198 125 21 0.4 5.2 402 "5 22J 12 1,100 8.2 14 5,500

1954-------- 14 0.2 60 19 57 0 196 '" 23 0.5 4.6 403 '" 230 II 760 8.1 15 5,300
1955-------- 11 0.8 53 " 51 0 169 118 21 0.5 5.8 370 138 196 15 890 8.0 15.5 5,100

1956-,·"'" II 1.5 " 17 58 0 182 139 26 0.5 4.5 4<0 149 211 13 500 8.0 15 4,000

1957··------ 11 0.7 54 18 55 0 178 136 26 0.5 4.4 404 146 207 14 500 8.2 15.5 4,000

1958-------- 10 0.7 50 15 4J 0 "0 107 24 0.4 5.2 JJ7 132 185 17 700 8.0 15 9,800
1959-------- 12 3.5 53 14 42 0 176 98 24 0.4 4.6 338 144 1" 20 700 8.0 15 5,100

1960-------- 12 1.3 55 " 44 0 183 103 23 0.5 4.4 J5l 151 204 19 900 8.1 15 5,400

1961·······- 12 1.2 57 " 46 0 187 107 22 0.4 4.9 J67 153 208 18 850 8.1 14.5 19,000
L962-------- 11 1.2 51 13 34 0 170 80 17 0.3 4.5 302 139 183 21 700 8.1 14 8,500

1963··--···· 13 l.l 64 18 49 0 206 119 23 0.5 5.4 425 169 2JJ 19 700 8.2 15 8,700

1964···----- 12 0.8 64 19 63 0 179 157 29 0.5 4.6 477 163 2J8 15 475 8.1 15 6,800

1965-------- 10 0.7 " 15 54 0 170 130 24 0.5 4.8 391 140 200 16 860 8.0 15 13,000

1966·····--- 10 1.4 58 14 42 0 185 112 25 0.4 4.2 362 153 204 16 700 8.1 14.5 21,000

1967···----- 11 1.8 " 18 " 0 198 143 " 0.4 '.6 436 165 220 16 309 8.0 14 5,100

1968-------- 9.2 L2 55 15 49 0 180 120 21 0.4 3.3 384 148 201 18 364 8.0 14 9,900
1969-------- 11 1.0 55 14 46 0 '" 120 21 0.4 5.7 '" 138 194 17 383 8.1 14 12,000

1970-------- 10 0.8 57 16 43 0 170 109 20 0.4 4.5 383 156 208 13 376 8.0 13.5 19,000
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SUOlCIllry of allnual average vater-queUey characteristics of the Miaalnlppi River
at Chain of Rock. Plant lit St. Lou1a, Hltsoud. 19~1·70; analyses by City of St. LQuis
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1955-------- 12 0.3 53 " 45 1 "4 Ll4 23 0.4 6. 1 364 136 '" 1, 850 8.0 U.S '.700
1956---····· Ll 0.3 55 " 51 1 "6 130 26 0.3 5.8 409 146 207 15 400 8.0 15 4,900
1957-------- 10 0.4 53 " 50 1 '" 131 25 0.4 4.5 393 142 203 " 400 7.' lS.s 5,600
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1959-------- Ll 0.3 " 14 35 1 167 90 23 0.3 4.3 33l 13. 188 19 565 8.0 15 tO,OOO
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WA TER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

APPENDIX 7

DEFINITION OF TERMS AND
CONVERSION OF UNITS

Acre-foot - The volume of water required to cover
one acre to a depth of t foot.

1 acre·foot .. 43.560 cubic feet
.. 325,851 gallons

Alluvium - A general term for all detrital deposits
resulting from the operations of modern rivers,
thus including the sediments laid down in river­
beds, floodplains and lakes.

Anticline - A fold or arch of rock strata, dipping in
opposite directions from an axis.

Aquifer - A formation, group of formations, or
part of a formation that contains sufficient
saturated permeable material to yield significant
quantities 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.

Confining bed - A body of relatively impermeable
material stratigraphically adjacent to one or more
aquifers.

Connate water - Water entrapped in interstices of
a sedimentary rock at the time the rock was
deposited.

Continuous-record station - A site on a stream
wilere continuous records of discharge are
obtained.

Cubic feet per second Ids) - The unit expressing
rate of discharge. One cfs is the rate of discharge
of a stream having a cross-sectional area of 1
square foot and an average velocity of 1 foot per
second.

1 cis"' 7.48 U.S. Gallons per second
"' 449 U.S. Gallons per minute
"' 0.646 millions of U.S. gallons per day.

Disconformity - An unconformity in which the beds
on opposite sides are parallel.

Dolomite - A term applied to rocks that approximate
the mineral dolomite[ CaMg (C03'2J in com­
position.
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Epicontinental sea - Those shallow portions of the
sea wilich lie upon the continental shelf, and
those portions which extend into the interior of
the continent with like shallow depths, such as
the Baltic Sea and Hudson Bay.

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

Fault - A fracture or fracture zone in the rocks
along which there has been displacement of the
two sides relative to one another, parallel to the
fracture.

Groundwater reservoir - See aquifer.

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

Intermittent stream - A stream that flows only part
of the time or through only part of its reach.

lithology - The physical character of a rock.

Loess - A sediment, commonly nonstratified and
unconsolidated, composed dominantly of silt-size
particles, with accessory clay and sand, deposited
primarily by the wind.

Low flow - The portion of stream discharge that is
derived primarily from groundwater outflow.

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

Perennialltream - A stream that flows continuously
throughout its reach.

Permeability - A measure of the relative ease with
which a porous medium can transmit a liquid
under a potential gradient.

Porosity - The property of a rock or soil con·
taining voids.

Potentiometric surface - A surface wilich represents
the static head. As related to an aquifer it is
definoo by the levels to which 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 awrage interval of time
within which a given event will be exceeded
once. Recurrenre intervals are averages and do
not imply regularity of occurrence: an event of
5O-year recurrence interval might be exceeded in
consecutive years or it might not be exceeded in
a lOO-year period. In other words, a 50-year
drought or flood has a 2-percent chance of
occurrence in any year.

Regional dip - The general inclination of strata over
a large area in which they dip in one direction
with or without interruptions.

Residual errors - Ratio of observed values of stream­
flow characteristics at gaging stations to the values
computed from equations.

Seepage run - A series of discharge measurements
made in a shon time to identify stream reaches
where gains Of losses in flow occur.

7-day 02 - The annual minimum average discharge
for seven 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 comparing 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 discharge of water
from a well divided by the drawdowf) of water
level in the welt. If a well yields 500 gpm with a
drawdown of 25 feet, its specific capacitY is
500/25 or 20 gpm per foot of drawc:lown.

Appendix 7

Specific conductance - A measure of the capacitY
of water to conduct a current of electricity.
expressed in micromhos per centimeter at 250C.
Conductance varies with the quantities of dis­
solved mineral oonstituents and with the degree
of ionization of the constituents as well as with
the temperature of the water. It is useful in
indicating the approximate concentration of
mineral matter in water.

Standard error of estimate - A measure of the
reliability of a regression. It is the standard
deviation of the distribution of residuals about
the regression 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.

Transmissiyity - The rate at which water of the
prevailing kinematic viscosity is transmitted
through a unit width of the aquifer under a
unit hydraulic gradient.

Transpiration - The process by which water vapor

escapes from a living plant and enters the
atmosphere.

Tributary streams - Those streams that originate in
or have much of their drainage basin in the project
area.

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

Water table - That surface in an unconfined water
body at which the pressure is atmospheric.
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