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MISSOURI STATEWATERPLAN

TECHNICALVOLUMESERIES
The Missouri Department of Natural Re-

sources State Water Plan Technical Volume
Series is part of a comprehensive state water
resource plan. This portion is designed to
provide basic scientific and background infor-
mation on the water resources of the state. The
information in these technical volumes will
provide afirm foundation for addressing present
and future water resource needs and issues.
Each volume in the series deals with a specific
water resource component.

Volume |
The Surface Water Resources of

Missouri contains a basin-by-basin assess-
ment of Missouri’s surface water resources. It
discusses the effects of climate, geology and
other factors on the hydrologic characteristics
of major lakes, streams and rivers. It also
assesses surface-water availability and devel-
opment in the state.

Volume |1
The Groundwater Resources of

Missouri presents information on the avail-
ability and natural quality of groundwater
throughout the state. It focuses on Missouri’s
seven groundwater provinces and includes
their geology, hydrogeology, areal extent, gen-
eral water quality, and potential for contamina-

tion. Aquifer storage estimates are given for
each aquifer and county. The report also
reviews the different types of water-supply
wells in use and how water well construction
techniques vary between areas and aquifers.

Volume |11
Missouri Water Quality Assessment

focuses on the current quality of Missouri surface
water and ground-water. The volume looks at
chemical, bacteriologica and radiologica water-
quality, and natura and man-induced water-
quality changes.

Volume IV
The Water Use of Missouri describes

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

Volume V
Hydrologic Extremes in Missouri:

Flood and Drought provides basic informa
tion about flooding and drought specific to
Missouri. A historical perspective is given, as
well asinformation that can be used in planning
for hydrologic extremes. It also describes con-
cepts and defines terminology helpful in un-
derstanding flood and drought.
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Volume VI
Water Resource Sharing - The Real-

ities of Interstate Rivers presents Missouri’s
views concerning interstate rivers. Because of
its location, Missouri can be greatly affected by
activities and water policy in the upper basin
states of the Missouri and Mississippi river
basins. Missouri policy can aso affect down-
stream states on the Mississippi, Arkansas and
White rivers. Many serious issues affecting

these rivers have less to do with their physical
characteristics than with political, economic
and social trends.

Volume VII
Missouri Water Law provides an over-

view of the laws that affect the protection and
use of Missouri’s water resources. It supplies
reference information about existing doctrines,
statutes and case law.
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Children immersed in water use at Lake of the
Ozarks—Public Beach No. 1. Photo by Nick
Decker.

Xi



Executive Summary

EXECUTIVESUMMARY

Much of Missouri’s water use remains
undocumented. It could be said that we use al
water in the state, even if it isonly to behold its
beauty. In 1993 (the latest water use data
available at the time of this writing), total
documented water use in Missouri exceeded
8.65 trillion gallons, which was enough to fill
the Lake of the Ozarks 13 times. Electrical
generation used 8.2 trillion gallons of water in
1993, asomewhat misleading figure. Electrical
generation requires a large amount of water,
but consumes very little. Missouri’s thermo-
electric generation facilities “used” more than
1.9trillion gallons of water in the 1993 calendar
year, but actually consumed only 15 billion
galons. Hydroelectric power plantsin Missouri
used 6.3 trillion gallons of water to produce
electricity that year but, by definition, con-
sumed none of it.

Municipal water users in Missouri report-
ed withdrawing 233.3 billion gallons of water
in 1993. Although comparatively small, the
guantity of water withdrawn by municipal
users is second only to the amount used to
produce electricity. Municipal water use is
reported in nearly every county of the state, but
the St. Louis and Kansas City metropolitan
areas account for more than two-thirds of the
statewide total. Water users in the domestic
category (household and subsistence use) re-
ported withdrawals of 15.6 billion gallons of
water in 1993. Water users in the industria
category reported using nearly 23.5 hillion ga-
lons of water in creating marketable products.

Missouri’s industrial users were not the
only ones using water to produce goods in
1993. Irrigators in this state used almost 148
billion gallons of water to improve yields of
corn, soybeans, rice, and many other crops.
More than 95 percent of that water was applied
to the fertile, lowland plains of the Bootheel.
Farmers were also using water to support their
livestock, withdrawing an estimated 17 billion
galons of water to water stock and process
livestock products in 1992.

We also “use” water in Missouri without
actually withdrawing it. A major use of the
Missouri and Mississippi riversisthat of trans-
porting commodities in river barges. In 1992,
29 million tons of commodities were either
shipped from or received at port facilities in
Missouri. Water use by hydroelectric power
plants, although reported as electrical genera-
tion water use, is also commonly considered an
in-stream flow use because it does not with-
draw water to produce €electricity.

Water-based recreation is another impor-
tant “in-stream” use of Missouri’s water re-
sources. The 1990 Missouri State Comprehen-
sive Outdoor Recreation Plan found that, in the
previous year, Missourians spent 133.6 million
activity-days engaging in outdoor water-based
recreation.

How we manage our water greatly im-
pacts its suitability to support fish and wildlife.
In some cases, habitat preservation is critical—
40 aquatic animal species are listed as “endan-
gered” in Missouri.
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Introduction

INTRODUCTION

Water is used in a myriad of ways in
Missouri. Each of these ways are important. In
fact, the old saying “beauty is in the eye of the
beholder,” could be modified to say, “the
importance of water is in the eye of the user.”
In meeting Missouri’s various water require-
ments, it is vital that we understand the nature
of each use. It is not enough to know how
much water is used, we must also understand
how water is used. This will leave us better
prepared for the long range task of assessing
our future water needs, be they complimentary
or conflicting.

As a riparian water rights state, we have
not kept the detailed records or made the
scientific measurements necessary to accurate-
ly monitor our water use. The water use
estimates provided in this report rely upon
information available from a variety of public
and private sources. Thisreport, as aresult, is
not intended to be the final word on water use
in Missouri, but rather a first step towards
improving our knowledge of Missouri’s use of
water through better data collection and anadysis
techniques.

Water Use in Missouri is a survey of the
many ways Missourians put their surface and
groundwater reserves to use. It seeks to pro-

vide a foundation for understanding water use
by introducing basic water use concepts and
terminology. Water use categories covered in
the report include: water use in thermoelectric
and hydroelectric power generation; munici-
pal, domestic and industrial water use; agricul-
tural water use; in-stream water use issues
(such as navigation and aquatic habitat preser-
vation); water use in recreation; and water use
for fish and wildlife.

The report draws from the Department of
Natura Resources Major Water Users Data
base and the USGS National Water-Use Infor-
mation Program. For some uses, water use
information is not collected and the report
relies on other techniques to depict usage. For
example, although the Major Water Users
Database does not include livestock water use
data, it can be estimated using agricultural
census data and water use coefficients. For
other uses, so little information exists on the
guantity of water used that estimates of usage
are unavailable. These uses are described, but
guantification will require further study. One
example is in-stream flows needed to maintain
fish populations. Methodologies exist to esti-
mate this water use, but very few stream reach-
es in Missouri have been studied.
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PUBLICWATER SUPPLY OF M|ISSOURI
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INTRODUCTION

Unlike other water uses, water supply
issues affect every citizen of Missouri. Whether
our water is obtained from a public water
supply source or private well, high quality
water isessential to both our health and lifestyle.
Because water supplies are so important to us,
protecting water quality is crucial. As water
passes through the environment, it can be
made unsafe and unusable in many ways. For
example, urban runoff and leaky landfills can
introduce metals and harmful chemical com-
poundsto surfacewater supplies. Asbyproducts
of decomposition and waste, bacteria are per-
vasive in surface waters and groundwater sup-
plies near the surface. As a result, endless
opportunities exist for fresh water to become
contaminated.

Fortunately, it is possible to remove most
contaminants from our water supplies. Through
the efforts of Missouri’ s public water suppliers,
we are able to enjoy a safe, reliable supply of
drinking water at a reasonable cost. Suppliers
not only provide treatment, they also take steps
(such as implementing strict monitoring and
training programs) to ensure a continuing sup-
ply of high-quality drinking water.

Most Missourians obtain their public wa-
ter from municipalities and public water sup-
ply districts. Chapters 71 and 91 of the Missouri
Revised Statutes authorize municipalities to
construct and operate water supply facilities;
they may also contract with other municipali-
ties or corporations (both public and private)
to obtain water for their citizens.

In an effort to extend the benefits of
public water supply to rural areas, the Missouri

General Assembly authorized the formation of
public water supply districts through Chapter
247 of the Missouri Revised Statutes. The
regulations governing public water supply dis-
tricts, asnoted in the Missouri Revised Statutes,
are “intended to make possible, through public
corporations, conveniences in the use of water,
ample in quantity for all needful purposes and
pure and wholesome in quality, furnished
from common sources of supply to many in-
habitants of our state now denied such privi-
leges; and thereby promote public health and
sanitation, make available conveniences not
otherwise possible, and for the general public
welfare.” Although the statutes governing
municipal water supplies leave the aforemen-
tioned aspiration unsaid, the intent is nonethe-
less the same.

The water supplies that we use each day
are alocated among a variety of uses. These
uses meet residential and domestic needs such
as drinking, washing and watering; industrial
and commercial needs such as demands by
factories and hospitals;, and public needs such
asfirefighting (figure 1). Although most of the
water used to support these needs is taken
from public water supplies, a substantial por-
tion of Missourians rely on private, self-sup-
plied water. According to U.S. Geological
Survey Circular 1081, “Estimated Use of Water
in the United States in 1990,” one million of
Missouri’s 5.1 million citizens obtained water
from private suppliesin that year. Missourians
not using water from public supplies depend
upon private wells (or other sources, such as
cisterns), which usually meet only household
water requirements.
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(8.7%) Commercial

(19.7%) Industrial

Source: 15, Geological Survey Circular (081
Estirmated Use of Water in the United 3tates in 290

(51.4%) Domestic

Figure 1. Usage of public water supply deliveries in Missouri, 1990.

DEFINITIONSOFWATERSUPPLY

The Missouri Department of Natural Re-
sources does not define “water supply” as a
broad category of water use. Rather, water
supply in Missouri is covered within three
separate, yet related, categories—municipal
water use, domestic water use, and industrial
water use. Together, these three categories
encompass a wide variety of public and private
water uses. Complete definitions for each of
these categories can be found in this report.

Some overlap exists among these catego-
ries. For example, many public water supplies
reporting use in the “municipal” category pro-
vide water to both industrial and domestic
water users within their service areas. Some
municipal water suppliers estimate household
water use and report it under the “domestic’
category; others include household water use
in the “municipal” category. Water extracted
under domestic, municipal and industria cat-
egories may come from a public supply or be
self-supplied. Because of these inconsisten-
cies, reported water use in the DNR domestic,
municipal and industrial categories does not
truly reflect overall water use by domestic,
municipal and industrial users.

SOURCESOFWATERSUPPLY

The most common sources of water in
Missouri are groundwater wells. Missouri
groundwater comes primarily from two sourc-
es—bedrock aquifers and shallower alluvial
aquifers. Collectively, these sources serve the
majority of Missourians in some way. Most
public water supply facilities currently operat-
ing in Missouri rely to some extent on ground-
water wells as a source of water supply. Sim-
ilarly, most self-supplied residential, commer-
cia and industrial water withdrawals are ex-
tracted from groundwater sources.

Figure 2 shows the distribution of public
water wells in Missouri. Figure 3 shows the
distribution of surface water intakes statewide.
In terms of sheer volume, surface water sourc-
es provide the bulk of water withdrawals state-
wide (figure 4). In 1990, freshwater surface
water withdrawals in the state were estimated
at 493 million gallons daily, compared to 185
million gallons per day from groundwater sourc-
es. The vast mgjority of these withdrawals
come from the Missouri River, which is by far
the single most important source of water in the
state for al water supply needs. The Missouri
River provides most of the drinking water for
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Figure 2. Locations of public water supply wells in Missouri, 1996.

metropolitan Kansas City and St. Louis, aswell
as the river communities of St. Joseph, Lexing-
ton, Glasgow, Boonville and Jefferson City. In
fact, the Missouri River alone provides water to
dlightly less than half of the publicly-supplied
population of the state (figure 5).

More than 500,000 Missourians rely upon
other surface water sources (large and small
water supply reservoirs and lesser rivers in the

state) for their water needs. Much of Missouri’s
water supply volume is held in man-made
reservoirs. Although many of the state’s larger
reservoirs (such as Truman Reservoir or Mark
Twain Lake) serve some water supply purpos-
es, a substantial segment of the population uses
much smaller lakes constructed specifically to
meet local water needs. Sufficient water sup-
plies from these locations are readily available
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Figure 3. Locations of public water supply surface water intakes in Missouri, 1996

for local public water supply districts and
municipalities. The availability of water in
Missouri, while generally reliable, can be a
problem during periods of extended drought,
and as a result, maintenance of distribution
networks is important to all users and critical
when water reserves are low.

10

ResDENTIAL WATER Use
Residential water use is typically defined
as water used for household purposes, such as
water for drinking, cooking, bathing, home
maintenance and recreation. The Department
of Natural Resources Mg or Water Users Data-
base expands this definition to include live-
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(27.3%) Groundwater

(72.7%) Surface water

Source: LS. Geological Survey Circular [80]
Estirmated Llse of Water in the United States in 1990

Figure 4. Sources of water used for public water supply
in Missouri, 1990

stock watering, and the irrigation of gardens
and orchards less than two and one-half acres
in size.

In this report, the phrases “residential
water use,” “domestic water use,” and “house-
hold water use” are used interchangeably, and
the DNR definition applies equally to each.
Residential water supplies come from: public-
ly-owned water suppliers, privately-owned
water suppliers, and private water wells. Esti-
mates of residential water use are available
from: the Major Water Users Database main-
tained by the DNR’s Division of Geology and
Land Survey, a census of public water supply

(5.19%) Small Lakes

(9.4%) Other ( {1.1%) Mississippi River
surface water
(21.7%)
sources Bedrock
e
aquifer
| (3.5%)
Alluvial
aquifers

(47.3%) Missouri River

Source 1924 Missouri Water Cuality Report
DNR, Division of Environmental Quality

Figure 5. Sources of public water supply in Missouri:
Percentages of population served.

systems conducted by the DNR’s Division of
Environmental Quality, and the U.S. Geologi-
cal Survey (USGS) National Water-Use Infor-
mation Program. Additional data indirectly
related to residential water use can be found in
a database cataloguing all wells drilled since
1989. Itisavailable from the DNR Division of
Geology and Land Survey. Among these sourc-
es, there is little consensus regarding either the
number of residential water users or the quan-
tity of water they use.

Because residential water uses permeate
both our home and working environments,
they constitute the bulk of general water sup-

11




Water Use of Missouri

LEGEND

(millions of gallons per year)
| ] 0-50mgy
|| 51-250 mgy
|| 251 - 2500 mgy

Bl 2501 - 4500 mgy
|:| Mo reported domestic use

Yt

|

| 1

o 20 40
[ T T

& 100 Miles
T ]

[ T T T T ]
O 20 40 A0 8D 100 Kibreters

~ Source! DNR Major Water Users Database

Figure 6. Domestic water use in Missouri, 1993

ply uses nationwide. Inthe Major Water Users
Database maintained by the Department of
Natural Resources, residential water supply is
reflected by consumption in the domestic and
municipal water use categories (figures 6 and
7). For the calendar year 1993, total reported
domestic water consumption surpassed 15 bil-
lion gallons, and reported municipal consump-
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tion totalled slightly more than 233 billion
galons of water. Once again, however, it is
important to note that some commercial and
industrial water users obtain their water from
municipal sources. In other words, the munic-
ipal water use category includes “hidden” in-
dustrial uses, and does not provide a truly
accurate depiction of residential water supply.
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Figure 7. Municipal water use in Missouri, 1993

The Department of Natural Resources
also collects and periodically publishes data on
public water supply systems in a “Census of
Missouri Public Water Systems.” The public
water supply census contains a great deal of
information about Missouri’s public water sys-
tems, including service area population, source
of water supply, water treatment, and water

quality data. Locations and surface acreage of
public water supply lakes are also included.
This format is currently under revision; future
editions will be more oriented towards system
information (such as water source and popula-
tion served) and will be titled “Inventory of
Missouri Public Water Systems.” Water quality
data and related information will appear sepa-
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rately in a publication still under develop-
ment. The 1991 census indicates that 418
billion gallons of water were delivered in 1991
from the state's public water systems. Aswith
many sources of water use data, public water
supply information is compiled from reports
by individual facilities, and overall figures
should be regarded as rough estimations.
Estimates of the number of domestic wa-
ter usersfall acrossarelatively widerange. The
1991 “Census of Missouri Public Water Sys-
tems’ estimates that there are approximately
1,400 community water systems operating in
Missouri. They provide water to nearly 4.8

million Missourians overall, which is more
than 93 percent of the state’s population.
Unlike other sources of information pro-
viding insight on Missouri’s public water sup-
ply systems, the census of public water suppli-
ers divides public water systems into three
subcategories—municipal water suppliers, pub-
lic water supply districts, and miscellaneous
water suppliers. Since 1939, public water
supply districts have grown in both number
and in populations served. Currently, there are
approximately 240 water supply districts serv-
ing Missouri (figure 8). In total, these districts
provide close to 43 hillion gallons of water

Figure 8. Public water supply districts in Missouri, 1996
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yearly to 600,000 people, an average of 194
galons per person per day.

The bulk of publicly-supplied water dis-
tributed in Missouri, however, is provided by
municipalities. Slightly more than four million
citizens of Missouri receive their water from
city supplies. Municipal water suppliers, as a
whole, distribute much more water than public
water supply districts. Current estimates indi-
cate that municipalities provide approximately
369 billion gallons of water yearly to the public.
Daily consumption from municipal supplies is
greater than from public drinking water dis-
tricts, averaging nearly 249 gallons per person
per day.

A third division of water supplies exists,
accounting for the remainder of publicly sup-
plied water sources. These suppliers include
facilities such as mobile home parks, self-
providing institutional users, and some subdi-
visions that represent the smallest block of
public water supplies in terms of both distribu-
tion and facility capacity. Current estimates
show that these sources distribute nearly 5.8
billion gallons yearly to the public, an average
of 136 gallons per person per day.

The USGS also collects information re-
garding Missouri’ s public water suppliers. The
USGS estimates that, in 1990, 4.1 of Missouri’s
5.1 million citizens were connected to public
water supplies. According to the USGS, per
capita water use is approximately 166 gallons
of water per day, but this figure does not
distinguish among municipal providers, public
water supply districts and other public water
systems. USGSCircular 1081, Estimated Use of
Water in the United Sates in 1990, estimates
that public water suppliers in Missouri deliv-
ered 247 billion gallons of water to domestic,
commercial, industrial and other public water
users in the 1990 calendar year. Of that quan-
tity, 51 percent was reported alocated to do-
mestic users, the remainder being split evenly
between industrial, commercial, and “public”
(seePUBLICWATER USE, page 21) uses. The
USGS has further estimated that an additional
22.6 billion gallons of water were consumed by
domestic water users not connected to public
water supplies.

Public Water Supply of Missouri

INDUSTRIAL ANDCOMMERCIAL
WATERUSE

The Major Water Users Program of DNR
defines industrial water use as water used in
“producing marketable (or economic) prod-
ucts.” Aspreviously noted, thereisasignificant
overlap between the industrial category and
the municipal category, which often represents
the source of water supplies used to provide
these products. Reported industrial water use
in 1993 was nearly 23.5 hillion gallons, an
increase of 4.7 billion gallons over the five year
period beginning in 1987. Water use categories
developed by the United States Geological
Survey are more specific; commercial water
use and industrial water use exist as separate
categories. While both categories reflect eco-
nomic production, the industrial water use
category is defined as water use in facilities
which manufacture products. The commercial
water use category, on the other hand, reflects
water use by motels, hotels, restaurants, office
buildings, and other commercia facilities.

ComMERcIAL WATER Use

Estimated Use of Water in the United
Sates in 1990, published by the USGS, reports
that commercial water use in Missouri totalled
approximately 29.6 hillion gallons of water in
1990. Of thetotal water consumed, 21.5 billion
galons were delivered from public supplies,
with the remainder coming from self-supplied
withdrawals (figure 9). While public water
supply deliveries have historically been taken
from both ground and surface water sources,
the USGS report indicates that 1990 self-sup-
plied withdrawals came exclusively from
groundwater sources.

INDUSTRIAL WATER Use

Water use figures similar to those for
commercial water use are provided for 1990
industrial water use in Missouri. Total with-
drawals for industrial water use in 1990 are
estimated by the USGS to have exceeded 79
billion gallons. 61 percent of the water used by
industry was delivered by public water systems
(figure 10), compared to 73 percent for com-
mercial users. Self-supplied withdrawals ac-
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Source: LLS, Geological Survey Circular 1081
Estirmated Use of Water in the United States in 1950

Figure 9. 1990 commercial water use deliveries in
Missouri: public or self-supplied

counted for the remaining 31 billion gallons of
water used, the bulk of which was extracted
from groundwater sources (figure 11).

Describing water use characteristics for
individual industrial water users is somewhat
beyond the scope of this State Water Plan
Volume. Nevertheless, it is possible to broadly
characterize water use for several major indus-
trial groups. Using the methodology outlined
in the section titled “Calculating Personal,
Household and Municipal Water Use,” we can
construct a statewide distribution of water use
for specific industrial groups. For example,
water use in the printing and publishing indus-
try is widely dispersed across Missouri, but
centered around the St. Louis and Kansas City
metropolitan areas (figure 12). Table 1 lists
the ten industries in Missouri using the most
water per employee per day in 1992.
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({39.0%) Self-supplied

{61.0%) Public water supply

Source: LLS. Geological Survey Circular 1081
Estirmated Use of ¥ater in the United States in 1950

Figure 10. 1990 industrial water use deliveries in
Missouri: public or self-supplied

(37.6%) Surface water

(62.4%) Groundwater

Source; L3 Geological Survey Circular 1081
Estimrmted Lse of ¥YWater in the United 3tates in [550

Figure 11. Sources of water for self-supplied industrial
water use in Missouri, 1990
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Figure 12. Water use in printing and publishing, 1992

We can make several comparisons among
the major groups of water-using industries by
looking at their water use characteristics indi-
vidually. The most obvious comparisons re-
flect the amounts of water each group requires
to operate. A 1986 U.S. Census report pro-
duced by the U.S. Census Bureau titled Water
Use in Manufacturing indicates that producers
of chemicals and allied products had the high-
est total intake of water among all major indus-

trial groups, followed closely by primary met-
a and paper industries. The opposite end of
the industrial water use spectrum is occupied
largely by “high-tech” industries and other
specialized manufacturers.

The 1986 report demonstrates that the
degree of reliance upon water delivered by
sources of public supply decrease as water
guantity requirements for major industrial
groups increase. To illustrate, the total water
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TaBLE 1

Water Use Rates for Selected Industries
1982 U. S. Census of Manufactures. Water Use in Manufacturing

Industry Water Use Rate (1) Approximate Water Use, Statewide (2)
Petroleum Refining 2,639 57,310,311
Paperboard Mills 2,461 53,448,939
Malt Beverages 1,451 1,986,338,870
Industrial Inorganic 1,177 379,212,297
Chemicals
Cyclic Crudes and 1,135 3,936,653
Intermediates
Gum and Wood 1,135 310,581,183
Products
Organic Chemicals 1,135 724,965,683
Industrial Organic 1,135
Chemicals 919,104,821
Miscellaneous 850 108,600,275
Petroleum and Coal
Agricultural Chemicals 840 974,565,367
(1) Gallons of water used per employee per day
(2) Approximate volume of water used in a year by industry, calculated by multiplying
rate of use by total employment statewide, and again by 365 days.

intake of the “Chemical and Allied Products”
major industrial group was approximately 3.4
trillion gallons of water; publicly supplied wa-
ter accounted for only six percent of that total.
On the other hand, water supplies taken from
public sources accounted for nearly three-
guarters of the 74 billion gallons of water used
by the “Electric and Electronic Equipment”
industrial group in the same period.

This research also sheds some light upon
the purpose by which water is used in the
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manufacturing process. Most notably, it distin-
guishes between water which comes into con-
tact with products and materials (and includes
water consumed in the manufacturing pro-
cess), and that which does not. Where water
comes directly into contact with products or
materials, it is considered to be used in produc-
tion or processing. Water used in cooling and
condensing, on the other hand, is defined as
including “water used...in conjunction with the
operation of process equipment, but which



does not come into direct contact with prod-
ucts or materials.” Of the 18 major industrial
groups surveyed for this report, 11 used more
water in production and processing (involving
direct contact with products or materials) than
in cooling and condensing.

In a statewide context, industrial and com-
mercial water use is a function not only of the
specific needs of the industry, but also of the
distribution and size of the industry statewide.
It is abasic fact that some industries use more
water than others. However, even industries
demanding exceptionally large volumes of
water may not be significant on a statewide or
regional basis if they are small in size or num-
ber. For example, the petroleum refining
industry uses slightly more than 2,600 gallons
per employee per day in its operations, which
is the highest “per employee” rate found in
Missouri. Because of this, it is tempting to
conclude that petroleum refineries in Missouri
must be one of the biggest industrial water
usersin the state. However, in 1990 there were
only four petroleum refineries currently oper-
ating in Missouri and none of them had more
than 49 employees. Considering this, we can
conclude that the amount of water required in
petroleum refining operations statewide is, in
fact, comparatively low. Unfortunately, achar-
acterization of this sort might lead one to infer
that petroleum refining is not a significant use
of water. On alocal or regional scale, any use
of water can be important both to the user and
others who may be affected by the use.

Because most suppliers of public water
rely upon groundwater reserves to some ex-
tent, public water supply in Missouri isin many
ways a function of regional hydrogeology.
However, when looked at in terms of deliveries
(asitishere), itislargely afunction of popula-
tion distribution. Water consumption (resi-
dential, commercial and industrial combined)
correlates closely with economic and popula-
tiontrends. Asaresult, we might expect to find
water supply consumption highest in urban
regions. A quick glance at the statewide distri-
butions of domestic, municipal and industrial
water consumption bears this expectation out.
Water use in the cities of Hannibal, Macon,

Public Water Supply of Missouri

Jefferson City, Joplin and Springfield appears
on the statewide map of domestic water use
(figure 6), as does water use on the Fort
Leonard Wood military base. Similarly, the
map of statewide municipal water use (figure
7) reflectswater use for the cities of Springfield,
Columbia and Cape Girardeau.

The largest metropolitan areas in the state,
Kansas City and St. Louis, show heavy usagein
both the domestic and municipal water use
categories. Both of these heavily urbanized
regions are by far the largest water supply
markets. The metropolitan areas of Kansas City
and St. Louis have a population of more than
four million people. Adding the domestic,
municipal and industrial use categories (keep-
ing in mind the existing “overlap” among these
categories- see DEFINITIONS OF PUBLIC
WATER SUPPLY, above) allows us to very
roughly estimate cumulative residential and
commercial/industrial water use. These totals
can be used to make a very preliminary com-
parison of water supplies consumed in the
Kansas City and St. Louis metro areas and the
state as a whole. Employing this method
(which, at best, provides only a rough esti-
mate), we can see that, together, Kansas City
and St. Louis account for approximately two-
thirds of Missouri’ sresidential, commercia and
industrial water consumption.

Statewide, domestic, municipal and in-
dustrial users reported consumption of slightly
more than 237 billion gallons of water in 1993,
which was 102.2 percent of the reported use in
these categories for 1987. This increase corre-
lates closely with the expected increase in
population over a five year period.

A glance at the distribution of mgjor in-
dustrial water users across the state reveds a
tendency towards heavy use between St. Louis
and Iron counties (figure 13). Although a
variety of uses contribute to the elevated levels
of consumption in this region, mining and
related industries account for the bulk of re-
ported industrial water uses. However, a num-
ber of other factors may also contribute to this
trend such as reporting recruitment and accu-
racy, and geographic suitability. Currently
available water use information provides little
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Figure 13. Industrial water use in Missouri, 1993

insight into the distribution of reported indus-
trial water use. Improvements in water use
data collection are needed to fully explain
regional industrial water use patterns.
Industrial and commercial water use is
closely tied to local and regional growth pat-
terns. Water use by specific industries and
commercial enterprises have their real impact
on this scale. Individua users affect local
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water quantity and quality, in terms of both the
water they withdraw from local supplies and
the water they return to the hydrologic envi-
ronment. The interest each individual user
has in local water resources varies according
to the requirements of the industry. In regions
of continuing economic growth, the needs of
diverse industrial and commercial water users
periodically clash with each other. They may



also conflict with the water supply needs of
residential users. Strong growth in local or
regional industrial patterns may strain public
water supplies. Alternately, a decline in the
number (or size) of industrial users may create
surplus local or regional water supplies.

PUBLICWATERUSE

Public water uses, broadly interpreted,
provide benefits to the private citizen through
community-wide applications. Common pub-
lic uses include allocations of water for
firefighting, park maintenance, public swim-
ming pools, and street cleaning. These uses,
while not as dependant upon high quality
water as residential and commercia uses, are
nonetheless important elements of the serv-
ices a municipality provides to its citizens.
Similarly, the relatively low per capita volume
of water supplied for public uses should not
detract from the importance of these uses. The
current reporting method employed by the
Department of Natural Resources does not
allow public water uses to be differentiated
with the existing categories; public water uses
are encompassed within the municipal water
use category. Public water use is partially
reported in the recreation water use category
of the Major Water Users Database. The
recreation water use total of the Major Water
Users Database can be looked upon as a
subset of overall public water supply usage.
The 1990 USGS water use report does include
information on public water use and losses,
however. For the state of Missouri, public
water use (with losses included) was estimated
to be dlightly more than 50 billion gallons in
1990.

USAGECHARACTERISTICSOFWATER
SUPPLY

Residential, commercial and industrial
water uses together encompass a wide variety
of applications. Domestic water users must
have a water supply that can meet basic human
water requirements. Factories, hospitals, res-
taurants and office buildings all need depend-
able water supplies to conduct business on a
daily basis.

Public Water Supply of Missouri

The various uses of the public water
supply make broad characterizations difficult.
Water is essential to every family and virtually
all commercial and industrial operations. De-
spite the indispensable nature of our water
suppliers, different users look to their local
water supplies to meet different needs. Water
qguality, for example, is important to most
users, vital to many others, and not important
at al to some. Having a clean, safe water
supply is essential to domestic life. High
quality water isimportant in food and beverage
production, and essential to health care. Many
commercial enterprises, such as restaurants,
could not conduct business without quality
water supplies. Some industrial and commercia
users may need water that meets unusualy strict
quality standards; for example, water of excep-
tional quality is required for many industrial
applications, such as petroleum refining and
chemical production. On the other hand, some
industrid users may find that untreated water is
sufficient to meet their needs.

Other users may find water quantity a
more important characteristic of their needs.
For example, production of malt beverages has
been estimated to require nearly 1,500 gallons
per employee per day; manufacturing of elec-
tronic components and accessories often re-
quires less than 10 percent of that amount.

For yet another user, the timing of the
water received may be more important than its
guality or quantity. Some businesses may
require a constant amount of water to be
available throughout the day; many others use
considerable amounts of water at certain times
of the day, and amost none at others. Residen-
tial water use, on the other hand, varies mainly
with the seasons. Most notably, urban domes-
tic water users use substantially more water
during the summer months than during other
seasons, largely due to the practice of watering
lawns and gardens.

Infrastructure is another important char-
acteristic of water supply, and represents the
basic equipment, services, and installations
required for a public water supply system to
function properly. If the infrastructure of a
water supply system is inadequate, it may not
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be able to meet the basic water requirements
of the service population. In drought, the
quality of a water distribution network direct-
ly affects the health and welfare of the popu-
lation it serves. If the network is in good
condition, the impact of drought can be suc-
cessfully blunted. This diminishes threats to
public health and reduces property damage.
On the other hand, a poor quality distribution
network may not be able to meet even the
most basic human needs, and may actually
worsen the situation.

CONSUMPTIVEUSEVERSUSRETURN
FLOW

Water supply return flow and consump-
tive use estimates for Missouri are available
from the USGS. Estimated consumptive use of
residential water suppliesin Missouri for 1990
was approximately 27.8 percent, slightly above
the national rate of 23 percent. This percentage
includes self-supplied water users as well as
those taking water from public supplies. Be-
cause of leaky pipes and other shortcomings in
distribution networks, most public water sup-
ply systems lose water in transit between the
supply and end users. Commonly, transmis-
sion losses fall in the range of 10 to 15 percent
(John Hoagland, personal communication,
1996). While leaky distribution networks are
common sources of water loss, other problems
such as inaccurate meters and unmetered con-
nections aso contribute to losses.

Consumption of water supplied for com-
mercial and industrial uses in Missouri fell
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slightly below nationwide norms in 1990.
Reported consumptive use of water supplied
for commercia purposes in Missouri was ap-
proximately 6.7 percent, substantially less than
the national estimate of 11 percent. Similarly,
13.3 percent of water supplied for industrial
purposes in Missouri was reported “ consumed”
by end users, with the remainder returned to
source waters for re-use.

In 1990, an estimated 109 billion gallons
of water were withdrawn (from all sources) for
economic purposes. Of that amount, an esti-
mated 12.6 billion gallons was taken from
Missouri’s waters and not immediately re-
introduced. The remaining 96.4 billion gal-
lons were released back to surface or ground-
water sources, becoming available once again
for further use.

REALIZINGTHECOST OFPUBLIC
WATERSUPPLY

Providing a reliable supply of water does
not come without cost; each public water
supplier faces operating expenses similar to
those incurred by private enterprises, which
must be passed on to consumers. According to
a 1994 water rate survey performed by the
Missouri Rural Water Association, the average
cost for 5,000 gallons of water in awater district
was $26.57, while the average cost for 5,000
galonsin acity was much lower, at $16.20. A
similar survey performedin 1993 by the Missouri
Municipal League provides insight on the rang-
es of municipal water rates found across the
state (table 2).
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TABLE 2
Municipal Water Rates for Selected Missouri Communities
“Water Rates and Policies in Missouri Municipalities”
Missouri Municipal League, November 1993

Municipality |Charge for 5,000 gallons Municipality |Charge for 5,000 gallons
Sparta $5.00 Foristell $14.30
Hartville $5.60 Liberty $16.09
Charleston $6.00 New Franklin $17.00
Cole Camp $6.00 Union Star $17.25
Linn Creek $8.25 Lamar $17.45
Poplar Bluff $8.81 Braymer $17.80
Mountain Grove $8.88 Savannah $17.82
Weaubleau $9.00 Plattsburg $19.90
Windsor $9.10 Goodman $20.00
Branson $10.85 Merrian Woods $21.00
Knob Noster $11.57 Ellsinore $23.75
Osceola $11.60 Fayette $24.01
Hannibal $11.70 Atlanta $32.50
Sarcoxie $11.90 Laredo $33.00
Pevely $13.00 Hunnewell $40.45

Average residential water costs (for 5,000 were substantially higher north of the Missouri

gallons of water) were quite high in some River, reflecting the poor quality and limited

regions, especially in the northeastern corner availability of groundwater supplies in that

of the state. In the broadest terms, water rates region.
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Livestock Water Use

LIVESTOCK WATERUSE

INTRODUCTION

Although the foremost use of water associ-
ated with agriculture is crop irrigation, farm
animals are also important consumers of water.
Livestock water use is especially important in
the Ozarks, where livestock and poultry prod-
ucts account for more than 75 percent of total
agricultural sales. In 1992, the U.S. Census
Bureau determined that the total market value
of livestock and poultry products generated by
Missouri farmers exceeded 2.4 billion dollars,
accounting for 56.7 percent of all agricultural
sales statewide.

DEFINITIONOFLIVESTOCK

The Missouri Department of Natural Re-
sources does not collect livestock water use
data, but aguaculture data is collected in the
“fish and wildlife” category. However live-
stock water use estimates are prepared by the
USGS.

The term “livestock” is commonly used in
association with cattle, hogs, sheep and horses.
The USGS livestock water use category is typ-
ically expanded to include an “animal special-
ties’ subcategory, which includes farmed fish
(aguaculture), mules, burros, poultry, rabbits
and mink. “Livestock water use” is defined by
the USGS as water used in the production of
livestock. Although the primary use of live-
stock water is to meet drinking water needs,
livestock water use also encompasses evapora-
tion from stock ponds, equipment and facility
cleaning, waste disposal, product processing
and transmission losses.

SOURCESOFWATERFORLIVESTOCK

The majority of livestock water needs in
Missouri are met by surface water sources.
Livestock water use estimates prepared by the
USGSin 1990 indicate that 74.5 percent of the
estimated 20 billion gallons of water consumed
by farm animalsin 1990 was taken from surface
water sources (figure 14). The surface water
resources of Missouri are vast and include

(25.5%) Groundwater

(74.5%) Surface water

NOTE: Includes both livestock and anirral specialitiss

Source: LL3. Geological Survey Circular 1081
Estirmated Use of Yater in the Linited $tates
in 1990

Figure 14. Sources of water used for livestock watering
in Missouri, 1993
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everything from the Missouri and Mississippi
rivers to the ubiquitous farm ponds that dot the
countryside. Most of the ponds rely upon
runoff from storm events to replenish their
supplies.

LIVESTOCKWATERUSE

Because the Mgjor Water Users Database
does not collect information regarding live-
stock water use, no data is available from this
source. The department does collect off-
stream fish and wildlife water use data, which
in part reflects aguacultural use. 1n 1993, total
reported fish and wildlife major water use was
approximately 33.4 billion gallons.

The amount of water consumed by live-
stock operations can be approximated through
the use of coefficients. Estimates of livestock
water use can be obtained by multiplying the

per capita water requirements of farm animals
by their populations. Using this methodol ogy,
the U.S. Geological Survey estimated 1990
livestock water use in Missouri at 20 billion
galons of water. Table 3 demonstrates this
procedure using selected livestock popula-
tions derived from the 1992 Census of Agri-
culture (U.S. Bureau of the Census). The
livestock populations used in this estimate are
not as inclusive as the populations used by the
USGS (see DEFINITION OF LIVESTOCK,
above), hence the dlightly lower total estimate
of 17 hillion gallons. Using the 1992 livestock
populations for the animals shown in table 3
and “per head” water use estimates devel-
oped by the U.S. Geological Survey, this pro-
cedure was used to approximate livestock
water use by county for each county in Missouri
(figure 15).

TaBLE 3
Estimated Livestock Water Use
1992 U. S. Census of Agriculture and USGS National Handbook of
Recommended Methods for Water Data Acquisition

Inventory Water Use Livetock Water Use
Coefficient (1) (2)
Beef Cattle 1,876,845 8.8 6,028,426,140
Milk Cows 215,920 274 2,159,415,920
All Calves 2,072,592 8.0 6,051,968,640
Sheep and Lambs 111,362 0.7 28,452,991
Hogs and Pigs 2,908,509 2.6 2,760,175,041
Total 17,028,438,732

coefficient, and again by 365 days.

(1) Galons of water required per day for one animal
(2) Water use totalsin gallons per year. Represents total inventory multiplied by water use
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Figure 15. Livestock water use in Missouri, 1992

The Ozark Plateau is at the center of
livestock water use in Missouri. Nearly every
county for which livestock accounts for 75
percent or more of total agricultural sales is
found within the Ozark Plateau (figure 16). Of
the 10 Missouri counties having the highest
estimated livestock water use, the first seven
(Wright, Polk, Lawrence, Texas, Webster,
Greene, and Howell counties) are located in
the heart of the Ozark Plateau. Livestock
water use in these seven counties accounted

for an estimated 2.53 billion gallons in 1992,
nearly 15 percent of the total DNR calculation.

Since the 1992 agricultural census, large
corporate livestock operations (commonly
called “concentrated animal feeding opera-
tions” or CAFOs) have emerged in severa
northern Missouri counties. Although CAFOs
are associated with several kinds of livestock,
increasing hog populations have had the most
notable impact on livestock water use. As of
December 1, 1995, the Missouri Crop and
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Figure 16. Livestock as a percent of total agricultural sales, 1992

Livestock Reporting Service estimated Mis-
souri’s hog population at 3.6 million animals,
an increase of approximately 700,000 since
1992. Using the per capita water use coeffi-
cient given in table 3, this increase translates
into approximately 664 million additional gal-
lons of water consumed (above the 1992
estimate) in the 1995 calendar year.

Three regions of heavy livestock water
use can be identified in Missouri: the Spring-
field Plateau and southwestern Ozark Plateau,
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the Osage Plains, and several counties along
the southern edge of the Missouri River.

The Springfield and southwestern Ozark
Plateau region is characterized by large cattle
and horse populations, both of which require
agreat deal of water on a per capita basis. As
aresult, livestock water use estimates for coun-
ties in this region are among the highest in the
state.

Livestock populations in both the Osage
Plains region and the counties adjacent to the



Missouri River are more balanced. Cattle and
horse populations are smaller, but are comple-
mented by larger hog and sheep populations.
Populations of hog and sheep require less
water per head to maintain. Nevertheless,
large herd sizes ensure that water use esti-
mates remain high in these counties.

The prominence of livestock in the agri-
cultural economy of the Ozarks correlates with
the quality of surface water resources in the
Ozark Plateau, which tend to be abundant and
of good quality. Large volumes of water move
freely through the groundwater system, return-
ing to the surface in seeps, springs, and small
streams. As a result, many streams in the
Ozarks are able to provide sufficient volumes
of clear, cool water in al but the most severe
drought conditions.

The lowest overall estimated volumes of
livestock water use are found in the counties of
the Bootheel region. Cattle, horse, hog and
sheep populations in the Bootheel are among
the lowest in Missouri, reflecting an agricultur-
al economy based upon crop sales rather than
livestock production. Similarly, but to a lesser
extent, the economies of several counties north
of the Missouri River are more reliant upon
crop sales than livestock production. Livestock
water use in this region is moderate to light;
water supplies are of limited quality and avail-
ability, and may be alimiting factor in livestock
production.

LIVESTOCKWATERUSE
CHARACTERISTICS

Livestock water use, like irrigation, is
almost exclusively associated with agricultural
applications. Compared to irrigation, howev-
er, livestock water use is much less seasonally
oriented. Although less water is used for
livestock wateringthanfor irrigationinMissouri,
an adequate supply of water must be available
throughout every season of the year to support
livestock agriculture. Because livestock pro-
duction is very important to the agricultural
economy of Missouri (especialy inthe Ozarks),
ensuring year-round availability is important.
Many parts of the Ozarks have limited access to
traditionally reliable sources of surface water,

Livestock Water Use

such as the Missouri and Mississippi rivers.
Ozark streams, however, have proven to be
dependable sources of water year-round, and
are able to support the water needs of the
region’s livestock.

Water quality is likewise important to
livestock agriculture. Like other animals, farm
animals are subject to the harmful effects of
poor water quality. Good water quality, on the
other hand, is important biologically and eco-
nomically; livestock watering is recognized as
a“beneficial use” of water by Missouri’ s water
quality standards.

CONSUMPTIVEUSEVERSUSRETURN
FLOW

The USGS estimates that the use of water
for livestock watering in Missouri is 100 per-
cent consumptive. However, only 60 percent
of livestock water is directly consumed by
livestock; the remainder is used to clean facil-
ities and equipment, process livestock prod-
ucts, cool animals and machinery, and other
related activities (see DEFINITION OF LIVE-
STOCK, page 25). Ultimately, this estimate of
consumptive use reflects the lack of return flow
data. Because return flow information is un-
available, consumptive use is assumed to equal
total withdrawals.

LIVESTOCK INMISSOURIAGRICULTURE

Fundamentally, the importance of live-
stock water use is obvious: water is essential to
the life and health of farm animals. Steady
supplies of quality water make livestock agri-
culture possible in most parts of Missouri.
Some economic aspects of livestock agri-
culture can be linked to livestock water
use. In particular, the distribution of the
market values of livestock and poultry prod-
ucts (figure 17) relate closely to the projected
livestock water use presented in figure 15. The
range of market values for these products
varies greatly statewide. According to the
1992 U.S. Census of Agriculture, total
market values in Missouri ranged from
slightly more than 95 million dollars in
Barry County to $709,000in St. L ouis Coun-
ty (table 4).
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Figure 17. Market values of livestock and poultry products, 1992
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Market Values of Livestock and Poultry Products, 1992
Ten Highest (and Lowest) County Totals
1992 U.S. Census of Agriculture

Livestock Water Use

Ten Highest Market Values
Barry County $95,299,000
Newton County $84,209,000
McDonald County $30,162,000
Lawrence County $70,274,000
Miller County $51,215,000
Webster County $50,846,000
Polk County $49,140,000
Osage County $48,873,000
Wright County $47,271,000
Bates County $44,771,000

Ten Lowest Market Value
St. Louis County $709,000
New Madrid County $893,000
Dunklin County $1,264,000
Pemiscot County $1,283,000
Mississippi County $2,431,000
Carter County $2,620,000
Wayne County $3,294,000
Reynolds County $3,302,000
Butler County $3,302,000
Shannon County $4,857,000
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Irrigation Water Use of Missouri

IRRIGATION WATER USE OF M| SSOURI

INTRODUCTION

Irrigation is an important component of
Missouri’ sagriculture. A comparison of irrigat-
ed and dry land corn yields for the years 1978
to 1994 shows that, in this period, mean corn
yields from irrigated lands surpassed dry land
corn production by an average of approxi-
mately 45 percent. Similarly, irrigation resulted
in improved annual soybean yields per acre by
an average of nearly 35 percent (Ron Plain,
University of Missouri Agricultural Extension,
1994 Irrigation Survey). lrrigation makes this
possible for two reasons: it increases the produc-
tivity of each individua plant, and it allows
farmers to grow more plants on eech acre of land.

In some ways, these figures still under-
state the true value of irrigation. In terms of
economic benefit and food production, some
arable lands would be worth substantially less
if irrigation were not practiced. In some cases,
irrigation practices can mean the difference
between putting land into agricultural produc-
tion and leaving it fallow.

DEFINITIONOFIRRIGATION

Every year, the Missouri Department of
Natural Resources collects irrigation water use
data. In the Maor Water Users Database,
irrigation information can be found in both the
“irrigation” and “domestic use” categories, de-
pending upon the acreage of the irrigated land.
For the purposes of major water use reporting
in Missouri, “irrigation water use” is defined as
“water required to supplement plant growth
on land more than 2.5 acresin size.” Irrigation
information for lands having areas smaller

than this (typically, gardens and orchards) is
included in the “domestic use” category. Irri-
gation water use is commonly thought of as
exclusively an agricultural activity, but it also
applies to uses such as watering public and
private golf courses.

SOURCESOFIRRIGATIONWATER

In Missouri, water used for irrigation is
withdrawn predominantly from groundwater
sources. Of the 148 hillion gallons reported
used by irrigators in 1993, only six percent
came from surface water diversions (figure 18).
This percentage is much lower than the U.S.
Geological Survey (USGS) estimate of 63 per-
cent for the United States asawhole. However,
in some parts of Missouri, irrigation withdraw-
alsfrom small freshwater surface supplies (such
as farm ponds and creeks) may be under-
reported and underutilized aswell. Most of the
water withdrawn for irrigation in 1993 was
taken from alluvial wellsin the Bootheel region
of the state and the flood plain of the Missouri
River. Elsewherein Missouri, deep groundwa-
ter wells serve as the source of irrigation water,
most notably in the Springfield Plateau region.

IRRIGATIONWATERUSE

Both the Major Water Users Database and
USGS National Water-Use Information Pro-
gram dataindicatethat, in 1990, Missouri irriga-
tors used approximately 370 million gallons of
water per day (or 416,000 acre-feet throughout
the year). Mgor Water Users Database data
indicates that, by 1993, irrigation water use in
Missouri had risen to 405 million galons per day.
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Figure 18. Sources of water used for irrigation in
Missouri, 1993

At present, most of the water used for
irrigation is applied in the southeastern
Bootheel corner of the state (figure 19). The
Bootheel Region (in this context, part or all of
Bollinger, Cape Girardeau, Stoddard, Scott,
Mississippi, New Madrid, Pemiscot, Dunklin,
Butler and Ripley counties) applied more than
140 billion gallons of water to irrigated crops
in 1993, fully 95 percent of the statewide total.
Outside of the Bootheel, other traditional
centers of irrigation agriculture in Missouri
(such as Audrain County and its environs, as
well as Barton, Jasper and Dade counties)
show considerable use as well.

Total reported irrigation water use has
been rising steadily since the late 1980s. In
1990, the DNR made a concerted effort to
increase registration of irrigators in the coun-
ties of the Bootheel region. As a result, the
guantity of water reported to the Major Water
Users Program between 1987 and 1993 as
irrigation use nearly doubled, going from 84
billion gallonsin 1987 to 148 hillion gallonsin
1993. During this period, reported acreage
under irrigation also increased, but at a lower
rate. Slightly more than 302,000 acres were
reported irrigated by major water users in

1993, an increase of approximately 59 percent
from 1987.

The 1992 United States Census of Agri-
culture also provides information on the acre-
age of irrigated land in Missouri. The Census
reports 709,000 acres irrigated overall in 1992,
about a 32 percent increase over 1987.

DISTRIBUTIONOFIRRIGATIONWATER

Irrigation agriculture in Missouri can be
found throughout the state, but is predominant
in the Bootheel region. Nearly one-half of the
state's irrigators operate in the Bootheel; But-
ler, Stoddard and New Madrid counties alone
account for approximately one-third of the
state's total irrigating farms (figure 20). The
extensive use of irrigation in these southeast
Missouri counties can be attributed to a num-
ber of factors, all of which relate closely to the
regional attributes of the Bootheel. The alluvi-
al topsoils of the Mississippi River flood plain,
while fertile, have a relatively poor water-
holding capacity. At the same time, the water
tableisvery closeto the surface, making extrac-
tion easy and inexpensive. In addition, the
Bootheel topography, while very level, slopes
gently towards the Mississippi River and pro-
vides good drainage and low erosion rates.
Unlike irrigators in other parts of Missouri,
Bootheel growers also irrigate rice and cotton
fields, which are water-intensive crops (Don
Pfost, personal communication, 1995). Taken
together, all of these factors create a unique
situation wherein irrigation is both necessary
and convenient, so it is used frequently.

Irrigation agriculture, while less preva-
lent, is also important in other parts of the state.
For example, a local hub of irrigation agricul-
ture is centered around Audrain County in the
northeast corner of Missouri, and another one
has developed in the counties of the Spring-
field Plateau. Irrigation is also important in the
Missouri River valley.

Like the counties in the Bootheel region,
counties in the Missouri River valley have easy
access to groundwater in the alluvial soils of the
flood plain. Asin the Mississippi River flood-
plain, the water table is near enough to the
surface that extraction costs are low and sup-
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Figure 19. Irrigation water use in Missouri, 1993

plies are plentiful. Asaresult, irrigation again
provides a simple and relatively inexpensive
supplement to precipitation when it is needed
(Don Pfost, personal communication, 1995).

While drought-prone soils, favorable to-
pography and poor climatic conditions make
the use of irrigation in these regions practical,
promation of irrigation as an effective agricul-
tural practice also plays asignificant role. Im-
provements in irrigation technology and avail-
ability have increased public awareness of the
benefits of irrigation and broadened its appeal.
In addition, the long history of irrigation in
several Missouri counties contributes much to
its continuing use.

Irrigation agricultureisimportant in highly
urbanized St. Louis County. While conven-
tional irrigation agriculture can be found in
outlying areas of the county, irrigation in the
urbanized areas can be attributed to the main-
tenance of urban recreational lands (such as
athletic fields and golf courses), general pro-
duce and sod farming, and the operation of
greenhouses and nurseries. In an urbanized
arealike St. Louis County, irrigation hasimpor-
tant applications outside of agriculture, which
reflects its broad social value.

Irrigation agriculture in Missouri is note-
worthy for where it is not found. In more than
25 counties of northern Missouri, irrigation is
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Figure 20. Farms practicing irrigation, 1992

used infrequently. It is an extensive region,
stretching from Nodaway County in the north-
west to Clark County in the northeasternmost
corner of the state, and as far south as the
Missouri River. In the northernmost counties,
groundwater suitable for irrigation is much less
available. Yields are among the lowest in the
state. Irrigation is also uncommon in the
Ozark subregion, both in the Salem Plateau
and in the St. Francois Mountains. The topog-
raphy and geology of the Ozark subregion
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often limits the agricultural viability of the land
to livestock production.

CHARACTERISTICSOFIRRIGATION
WATERUSE
Irrigation water use in Missouri is almost
entirely agricultural in application. Character-
istically, irrigation water use is seasonal in
nature. It is nonexistent during winter months
and normally employed only during the grow-
ing season. The amount of water needed, and



the frequency of its application, depends upon
the soil, the crop, and the weather. Of these
three, soil characteristics and crop types tend to
remain constant. From a practical standpoint,
therefore, changing climate conditions is the
one factor that determines whether or not
irrigation will be needed.

Once the growing season starts, irrigation
water use does not remain constant and it is
applied only if the amount provided naturally
by rainfall is inadequate. Prolonged drought
can make irrigation indispensable; abundant
rainfall, in many cases, may make it unneces-
sary. Asaresult, the timing of irrigation varies
not only with the seasons, but also with the
occurrence of rainfall.

Water quality is an important consider-
ation in irrigation water use. In practice, the
total quantity of dissolved solids found in
irrigation water determines its quality. In es
sence, soil can be damaged by the sodium
found in irrigation water. Excessive sodium
makes soil less permeable, and has the effect of
tightening or sealing the soil. Over an extend-
ed period of time, the productivity of irrigated
lands can be substantially impaired if water
quality is not adequately monitored.

The quantity of water required for irriga-
tion is an important attribute of irrigation water
use. In the 1993 DNR Magor Water Users
Database, only electrical generation and mu-
nicipal water users reported the use of more
water than irrigators. To be effective (especial-
ly in periods of drought), irrigation requires a
considerable supply of water to be readily
available when needed. The extensive use of
irrigation in the Bootheel region, as well as the
primary crop types grown there, ultimately
stems from the vast reserves of water held inits
aluvial soils.

The success of any irrigation project rests
not only on the availability and quality of
water, but also on the irrigator’s ability to
deliver the necessary amount of water to their
fields. Unless storage facilities, wells and
distribution mechanisms are constructed to
deliver the quantity of water needed to max-
imize plant growth, the continuing success of

Irrigation Water Use of Missouri

the system cannot be ensured. Facilities and
equipment must be equal to the demands
placed upon them by the irrigator, and they
must be extremely durable. Irrigation is sel-
dom undertaken as a short-term solution. If
irrigators are to meet the system’s construction
and operating expenses over a long period of
time, equipment must be built with long life
and low operation and maintenance costs in
mind.

CONSUMPTIVEUSEVERSUSRETURN
FLOW

Irrigation is a highly consumptive use of
water. The USGS has estimated that 73 percent
of the water used by Missouri irrigators is
“consumed.” Thisislargely due to application
methods currently being employed. Waters
used to irrigate crops are especially subject to
evaporation. Many common methods of
irrigation distribute moisture by spraying small
droplets of water through the atmosphere,
causing a higher evaporation rate. Because
irrigation is primarily employed during periods
of low humidity, moisture from irrigated land
moves very easily into the atmosphere. Water
is also lost during conveyance from its source
to the crops. Water can leak through jointsin
irrigation lines, or seep from ditches into the
groundwater.

Nationwide, recent USGS estimates indi-
cate that 20 percent of the water withdrawn for
irrigation is lost in conveyance. Not al the
water that is applied to field cropsis consumed.
Some of it leaves the field and either returns to
a nearby lake or stream, or contributes to
groundwater recharge; water re-entering the
water systemiscalled “return flow.” The 1990
USGS water use report indicates a freshwater
consumptive use of 269 million gallons daily
(with no reported conveyance losses for the
state of Missouri), and return flows amounting
to 102 million gallons per day statewide. In
other words, 73 percent of the water used in
irrigation was removed from the immediate
“water environment,” and the remaining 27
percent re-entered the system as return flow
(figure 21).
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IRRIGATED CROPSANDACREAGES

Missouri’s irrigation agriculture industry
provides an exceptionally wide range of crops
to both Missouri and the United States. Interms
of acreage, thelargest cropsirrigated by Missouri
farmers are corn, and single- and double-crop
soybeans, which account for over 60 percent
of the total farmland currently under irrigation
(table 5). In the Bootheel region, rice and

{73%) Consumptive use

(27%) Return flow

Source: DNR Major Water Users Database

Figure21. Consumptive use and return flow in Missouri
irrigation, 1993
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cotton are irrigated extensively, and account
for another quarter of Missouri’ sirrigated farm-
land. A list of agricultural products cultivated
by Missouri’s irrigators (and the total acres
irrigated for each) is provided in table 5.

TABLE 5
Estimated Irrigated Acreage in Missouri
(by crop)
1994 Irrigation Survey, Irrigation Journal,
January/February 1995

Crop Acres
Soybeans 238,000
Corn 237,000

Rice 127,000
Cotton 52,000
Sorghum 38,000
Potatoes 8,000
Cucumbers 6,000
Vegetables 4,500
Pasture/Hay crops 3,000
Wheat 3,000
Alfalfa 2,400

Sod 1,200
Nursery 1,200
Small fruits fruits/nuts 1,200
Tree fruits 1,000
Grapes 1,000
Grass Seed 250
Tobacco 200
Peanuts 50




Thermoelectric Power Water Use

THERMOELECTRICPOWERWATERUSE

INTRODUCTION

Thermoelectric power plants, unlike hy-
droelectric power facilities, rely upon a vari-
ety of fuels to produce electricity. While
petroleum, natural gas and nuclear fuels all
contribute to the production of electricity in
Missouri, more than four-fifths of the electric-
ity used is produced by coal-fired power plants.
The Missouri Statewide Energy Study per-
formed by the Environmental Improvement
and Energy Resources Authority (EIERA) notes
that coal accounted for 82.2 percent of the
1990 net electrical generation in Missouri by
fuel type, followed by nuclear fuels, hydro-
power, and natural gas (figure 22). (Petroleum
and other fuel types which produce less than
half of one percent of Missouri’s electrical
generation are not shown in figure 22.) De-
spite supplying such a small fraction of the
state’'s power needs, however, these kinds of
generators often serve as important sources of
emergency power (for hospitals and other
critical institutions) and should not be dis-
counted when evaluating water use. Given
the dominance of coal as an energy source,
however, thermoelectric water use can be
reliably examined as an outgrowth of the
operation of coal-fired power plants.

DEFINITIONOFTHERMOELECTRIC
WATERUSE
As noted previously, the Department of
Natural Resources collects all water use infor-
mation associated with power production (ther-
moelectric as well as hydroelectric) under the
Electrical Generation water use category. The

USGS distinguishes thermoelectric water use
from hydroelectric use; it further splits ther-
moelectric water use into fossil-fuel, nuclear,
and geothermal power production subcatego-
ries.

Missouri has no geotherma power pro-
duction facilities. It does, however, have sev-
eral fossil-fuel power facilities and one nuclear
power plant (Union Electric Callaway Plant,
near Fulton). In this report, “thermoelectric
water use” is defined as water used in the
production of electric power generated through
the expenditure of fossil and nuclear fuels.

SOURCESOFWATERFOR
THERMOELECTRICPOWER
PRODUCTION

Water used in the production of thermo-
electric power in Missouri comes almost entire-
ly from surface water sources. Of the nearly 1.9
trillion gallons of water reported as thermo-
electric water use in 1993, 99.78 percent was
withdrawn from Missouri lakes and rivers.
Although several reservoirs in the state supply
water for thermoelectric power production
needs, the Missouri and Mississippi rivers ac-
count for amost all of Missouri’s thermoelec-
tric water use. Of all reported surface water
withdrawals for thermoelectric use, 88.4
percent are taken from these two sources
(figure 23).

SteaM GENERATION
To produce electricity, coal-fired power
plants use water in two important processes—
steam generation and steam condensation.
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Figure 22. 1990 Total annual net electric generation in
Missouri, by fuel type

Coal-fired facilities operate by generating steam
from liquid water, which is driven through
turbines to produce energy. The turbine, in
turn, is connected to a large electromagnet that
revolves within a wire spool. As the turbine
revolves, the electromagnet also turns and the
lines of magnetic force produce electricity as
they “cut” the wire. Typically, the steam used
to generate electricity in this fashion is contin-
uously recycled. As it is converted to steam,
the water passes through the turbines. It then
passes into the condenser (the central compo-
nent of steam condensation), where the water
returnsto aliquid state and is recirculated back
to the boiler (figure 24). The amount of water
required to generate steam in modern thermo-
electric facilities can be substantial; many cur-
rently operating turbines are capable of pass-
ing steam flows of several million pounds
hourly. However, the water used in steam
generation is continuously used and reused,
and very little of it is actually consumed.
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Figure 23. Surface water sources used for
thermoelectric power generation, 1993

Power PLANT CooLING

Just as the burning of fuel is needed to
create steam for power generation, cooling
water is required to return the steam to liquid
form. Returning the steam to its liquid state
(rather than venting it off) allows the high
quality feedwater to be reused; it also helps
maximize power plant efficiency by reducing
backpressure on the turbine blades.

The process of returning steam to liquid
water is referred to as “steam condensation.”
The steam condensation process removes heat
from the steam, returning the steam toits liquid
state. In the condenser, cooling water is run
through thousands of small metal tubes, which
come into contact with the steam leaving the
turbines (figure 25). As the hot steam comes
into contact with the water-cooled pipes, the
steam condenses. In essence, the heat of the
steam is absorbed by the much cooler water
running through the condenser. As the steam
condenses, water is collected in the bottom of
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Figure 24. Basic schematic of a fossil fuel power plant
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the condenser and circulated back to the boil-
er. The cooling water flowing through the
condenser, after cooling to an acceptable tem-
perature, is routed back to the river or lake
from which it was originally taken. The amount
of water required to operate a condenser unit
can be quite large; a typical generator may
circulate severa hundred million gallons of
water during daily operations.

Because large quantities of surface water
are so readily available in Missouri, the most
common method of power plant cooling used
in the state is known as “once-through” cool-
ing. In this process, water is diverted from its
source (typicaly alargeriver or lake capabl e of
providing large volumes of water) and circul at-
ed through the condenser. Heat is transferred
from the boiler water to the cooling water
through contact with the condenser pipes, and
is carried off to the point of discharge. To
accomplish this effectively, the temperature of
the incoming cooling water must be low enough
to “absorb” the waste heat in the boiler water.
As aresult, water temperature is an important
aspect of thermoel ectric water use (see CHAR-
ACTERISTICSOFTHERMOELECTRICWATER
USE, page 43).

Another method frequently employed for
power plant cooling involves the use of cool-
ing towers. Most cooling towers fall into one
of two categories—wet or dry. Wet cooling
towers cool water primarily through evapora-
tion as water falls from the top of the tower to
the collection basin below. Fill material within
the tower divides the water into small droplets,
enhancing evaporation. As a result, more
water is evaporated from wet cooling towers
on the basis of volume than from once-through
cooling, hence the increased consumptive use
of the cooling water. Dry towers, on the other
hand, operate in a fashion similar to the radia-
tor found in an automobile. The heated water
contained in the tower is never directly ex-
posed to the cooling air. Because of the large
volumes of water required to provide once-
through cooling, dry cooling towers are quite
often constructed in arid regions, such as the
western states, to economize water use. The
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use of dry cooling towers may be increaseing
in more eastern states because of increasing
demand for water. Because they use less
water than wet cooling towers (and much less
than once-through cooling processes), they
are unable to transfer as much heat and are
therefore less efficient thermally. To perform
comparably, dry cooling towers are more ex-
pensive to own and operate than wet cooling
towers.

THERMOELECTRICWATERUSE
VOLUMES

Both the 1993 Mgjor Water Users Data-
base and USGS circular 1081, Estimated Use of
Water in the United States in 1990 estimate
that thermoelectric power facilities in Missouri
use nearly 1.9 trillion gallons of water yearly.
As the two largest providers of water for
thermoelectric water use, the Missouri and
Mississippi rivers supply 774.5 and 896.5 bil-
lion gallons of water annually. The remaining
11.6 percent of Missouri’s thermoelectric sur-
face water supplies come from a number of
man-made lakes throughout the state, such as
Thomas Hill Reservoir in Randolph County.

Only 4.2 billion gallons of groundwater
were reported used in Missouri for thermoelec-
tric water needs in all of 1993. The 1993
estimate underscores the importance of the
Missouri and Mississippi rivers for thermoelec-
tric power water use; this amount of water is
diverted from (and returned to) the Missouri
River to meet thermoelectric water require-
ments every two days.

Although this discussion of thermoelec-
tric water use has centered almost entirely
around coal-fired thermoelectric plants, nucle-
ar power has a presence in Missouri which
should not be ignored. Missouri’s sole nuclear
power facility, the Callaway Nuclear Power
Plant located near Fulton, produces a signifi-
cant amount of energy for the state. Reported
1993 water use for the Callaway Plant exceed-
ed 7.8 billion gallons of water. Like many coal-
fired power plants, the water used at the Cal-
laway facility is withdrawn from the
Missouri River.
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THERMOELECTRICWATERUSE

The Missouri and Mississippi rivers are
ableto providelarge quantities of water through-
out the year to thermoelectric water users
under most conditions. Both rivers, as well as
a number of man-made reservoirs statewide,
are ideal sources of water for once-through
cooling systems. Most of Missouri’s thermo-
electric power generators take advantage of
this, relying upon once-through cooling sys-
tems in their plant operations. Consequently,
year-round use of large water volumes has
become a fundamental characteristic of Mis-
souri’s thermoelectric water use.

Thermoelectric power facilities do not
experience the daily and seasonal fluctuations
encountered by hydroelectric power facilities
and therefore, even though the two types of
facilities apply their output to the same electri-
cal demand curve, they do not share similar
water use characteristics.

Thermoelectric power plants are designed
to run constantly, once started, and to generate
baseload power to meet the minimum around-
the-clock demand for electricity. Once power
generation begins, water use at a thermoelec-
tric power plant tends to remain constant.
Some thermoelectric power plants, however,
do provide power to meet peak demand (see
also HYDROPOWER WATER USE IN
MISSOURI). Thosethat do, operatesimilarly to
baseload plants but are smaller in size and
often have higher fuel costs.

Water quality is an important characteris-
tic of thermoelectric power water use. Impure
boiler water can cause scaling on (or corrosion
of) piping and interior boiler surfaces. Exces-
sive amounts of silica in boiler water, if not
removed, may damage turbine blades. To
protect against damage, thermoelectric facili-
ties use treated boiler feed-water. Chemicals,
such as lime and ferric sulphate, can be added
to reduce suspended solids in boiler water. At
small levels sulphuric acid helps prevent scal-
ing and corrosion. As with hydroelectric pow-
er facilities, thermoel ectric power plants prefer
to operate as efficiently as possible. But to
achieve optimal performance, boiler water must

Thermoelectric Power Water Use

be exceptionally pure. In fact, one of the most
important functions of the condenser unit is to
allow thermoelectric facilities to use and re-
use treated boiler water.

Water quality is also important to power
plant cooling. As might be expected, the
temperature of incoming cooling water affects
the operation of any thermoelectric power
facility using “once-through” cooling. If tem-
peratures are too high, the cooling water will
be less able to “absorb” the waste heat of the
boiler water. Under certain conditions, source
water temperatures may be high enough to
negatively affect the efficient operation of the
facility.

Efficiency can also be reduced by algal
and bacterial growth on the inside surfaces of
condenser tubes. Water temperatures in the
warmer months of the summer are optimal for
the growth of these organisms. If preventative
steps are not taken, algal and bacterial growths
act as heat insulators and restrict the flow of
cooling water.

CONSUMPTIVEUSEVERSUSRETURN
FLOW

Steam condensation is a consumptive use
of water. The quantity of water “consumed” in
power plant cooling depends upon the cooling
process. Once-through cooling dissipates heat
through increased evaporation from the slight-
ly warmer water leaving the power plant.
Power plant cooling through the use of cooling
towers is a more consumptive cooling proce-
dure than once-through cooling on a “pound-
for-pound” basis. Typicaly, the water warmed
by the power generation process is evaporated
through exposure to air (induced either natu-
raly or artificially), thus cooling the remaining
water.

Water use by nuclear plants tends to be
slightly more consumptive than use by coal-
fired plants. Circular 703, Water Demands for
Expanding Energy Development published by
the USGS, indicatesthat the“typical” fossil-fuel
process operating at peak efficiency consumes
0.5 gallons of water per kilowatt/hour, com-
pared to 0.8 gallons used in nuclear power
production.
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Current water use reporting in Missouri
provides specific information on the consump-
tive use of water used in thermoelectric power
generation. In addition to reporting total water
use, each major water user is also asked to
provide information on the amount of water
“returned” after use. While the quality of
reported return flow data varies according to
water use category, return flow information
obtained from electrical power generators is
believed to be accurate.

In 1993, reporting electrical generators
extracted nearly 4.2 billion gallons of water
from Missouri groundwater sources. Because
convention dictates that return flows include

only water returned directly to its source,
generators using groundwater released to sur-
face waters after use reported no return flow.
Those taking water from surface water sources
reported extracting 1.89 trillion gdlons and re-
turning 1.88 trillion gallons to the water environ-
ment, a consumptive use of approximately 10
billion galons. Both the USGS and the DNR
Major Water Users Database agree that, as a
proportion of total withdrawals, little water is
actudly consumed in the thermoelectric power
generation process. Return flows reported by
Missouri’s thermoelectric power generators have
been estimated at 97.9 percent and 99.2 percent
of total withdrawals, respectively.
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IN-STREAM WATER FLOW AND ITSUSES

INTRODUCTION

In-stream flow refers to the quantity of
water, and its variation over time, asit existsin
awatercourse. This can aso be referred as the
flow regime of the watercourse.

In-stream flow of most watercoursesserves
a purpose be it human uses, survival of organ-
isms, or changes in the earth’s surface. Maxi-
mum, minimum, and average quantities of
stream flow, how often these quantities occur,
the duration of their occurrences, and the time
of the year that various stream flows occur, can
be important factors in meeting the needs of
in-stream flow uses.

Some in-stream flow uses in Missouri
include:

Hydroelectric power production

Commodity transport

Recreation

Channel maintenance

Transport of effluent discharges

Protection of aguatic organisms

PARAMETERSOFIN-STREAM FLOW
DiscHARGE

A popular parameter of water quantity in
watercourses is rate of flow, i.e., discharge,
which is an expression of water volume mov-
ing past a specific location per unit of time.
Common units of measure in Missouri are
cubic feet per second (CFS), gallons per minute
(GPM), million galons per day (MGD), and
acrefeet per year (ACFT/YR). For example, the
average discharge of the Missouri River at the
USGS river gage in Kansas City for the period
of record 1928-1993 is 50,850 CFS; 22,823,056
GPM; 32,865 MGD; and 36,813,719 ACFT/YR.

Appendix 5, Table 1 presents 280 gaging
stations throughout the state in alphabetic
order of the gage location name. Long term
monthly and annual average stream-flows are
presented. Appendix 5, Table 2 presents
those same gaging stations in numeric order of
the gaging station USGS identification num-
ber. Appendix 6 illustrates locations of the

gages.

STAGE AND ELEVATION

Uses of “in-stream flow” often require
guantities of water sufficient to occupy the
watercourse up to a specified level. This is
commonly referred to as stage or water surface
elevation. Stage is expressed in vertical units
(meters, feet, etc.) greater than the elevation of
a reference point at a specific location in the
watercourse. Water surface elevation isusually
expressed in vertical units (commonly feet)
above sealevel. For example thereis a stream
gage on the Nodaway River in northwest
Missouri 0.15 mileseast of thetown of Maitland
in Holt County. The gage has been in operation
since 1982. The maximum stage recorded by
that stream gage is 26.16 feet, which is equiv-
alent to awater surface elevation of 878.25 feet
above sea level. Most stream gage data in
Missouri is collected by the U.S. Geological
Survey. Thistype of data can be accessed from
a variety of sources. The data is published
annually on CD-ROM and in a book titled Water
Resources Data, Missouri. Some of the informa-
tion is accessble via the Internet.

Water uses with this basic requirement
often utilize the buoyancy or energy in that
water. Examples are hydropower generation,
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commodity transport, and recreation. Other
uses requiring specific stages utilize the mere
presence of water at the specific stage or
elevation such as water withdrawal intakes to
provide water for irrigation, livestock water-
ing, drinking water treatment facilities, or the
cooling of thermal power generation facilities.

VELoCITY

Stream flow velocity isan important factor
for some in-stream uses of water. Many species
of fish use moving water habitat within a
limited range of velocities. Stream flow veloc-
ity is a measure of the speed of the water as it
moves past a location in the watercourse.
Velocity has wide variation within the cross
section of a watercourse. Velocity may be the
fastest in the main channel of a watercourse
and the slowest at the banks of the water-
course. In Missouri, stream flow velocity is
often expressed as linear feet per second. For
example, stream flow velocities in the main
channel of the Missouri River at Kansas City
during normal flow conditions are approxi-
mately 3 to 5 feet per second.

TiMING

Many in-stream flow uses occur only dur-
ing predetermined time periods, often with
cyclic patterns of use ranging from daily cycles
to annual cycles. Flora and fauna uses often
occur in annual cycles. For example, stream
fishes usually require higher flow rates during
the spring and fall for spawning. Hydropower
generation facilities use water in cycles. Elec-
tricity use has a daily occurrence of peak
demand (approximately 3 PM) and seasonal
occurrence of peak demand (during annual
high and low ambient air temperature ex-
tremes). Commodity transport on the Missouri
River is managed as a seasonal use by sustaining
adequate discharges from April to November.

An important factor in determining the
adequacy of in-stream flow for a water use is
the variability of stream flow over time com-
pared to the variability of water use over the
same period of time. This can be especially
important during periods of low flow condi-
tions. During these periods demand for water
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is highest among some water uses and avail-
ability of water is lowest. Conflicts among
water uses can arise. It is important to know
how much water will be available during peri-
ods of low flow.

Low FrLow

Low flow isadescription of stream flow at
minimal magnitudes for a watercourse. Base
flow is stream flow occurring in the absence of
storm runoff (usually periods of little or no
precipitation) and is usually comprised mainly
of water from subsurface contributions. Low
flows in a watercourse without reservoirs to
store water and release it gradually, often
approximate the base flow of that watercourse.
Low flow regimes are often described in terms
of base flow.

Low flow regimes have regional charac-
teristics related to physiographic regions in
Missouri. Base flow inthe Plainsregionislow
due to low storage capacity of shales and clays
in the region. In the Ozark Plateaus region,
springs contribute substantially to base flow
and provide the highest base flow in the state
due to the soluble carbonate geology through-
out the plateaus. There are exceptions to this
general abundance of base flow in the Ozark
Plateaus region. Underground solution cavi-
ties forming karst topography can create con-
duits for water to exit surface stream channels,
and enter underground systems, resulting in
diminished base flow in overlying watercours-
es. These are commonly referred to as “losing
streams.” The Southeast Lowland region has
high amounts of surface water contributing to
stream flow during times of insignificant precip-
itation and is less dependent on base flow to
maintain stream flow during low flow periods.

DETERMININGIN-STREAM FLOW
REQUIREMENTS

Many in-stream flow uses are not mutual-
ly exclusive. In-stream flows that benefit one
use may also benefit other uses to some extent
while aso conflicting with other uses. Howev-
er, regulating in-stream flows to maximize the
benefits of a specific use may often reduce
benefits to other uses of that water. An impor-



tant factor in managing in-stream flows is to
balance the water use needs of all users and
uses. This is commonly attempted with the
following steps. Determine the needs of each
water use; compare the needs of each use with
that of the other uses; determine which needs
conflict with one another; and develop a com-
promise that provides desired in-stream flows
to an equitable extent among all the in-stream
flow needs.

Some uses of in-stream flow can readily
determine exactly what the in-stream flow
requirements are. Hydropower electrical gen-
eration water use can be calculated accurately
by applying physics and fluid mechanics equa-
tions to the desired amounts of electricity to be
generated (see Hydropower section in this
report). Hydropower electrical generation dam
facilities are required by the Federal Energy
Regulatory Commission (FERC) to maintain
water releases from the dam with flow rates
greater than a specified minimum. This re-
guirement contributes to assuring in-stream
flows will be adequate for maintaining water
uses of the river downstream of the dam.
Section 6, Hydropower, in this report presents
hydropower facilities in Missouri.

Commodity Transport water use can be
calculated by measuring or calculating the river
discharge that will create the water depth and
width required for commercial vessels to nav-
igate the watercourse. For example, on the
Missouri River (an extensively regulated water-
course), assume that a minimum water depth
of nine feet and a minimum width of 300 feet
are required to allow commodity barges to
navigate the river for eight consecutive months
out of ayear. At Kansas City, anine-foot water
depth with 300-foot width in the Missouri River
can be maintained with a discharge of approx-
imately 41,000 CFS. Maintained for eight con-
secutive months, 41,000 CFS adds up to ap-
proximately 29,666,380 acre feet (ACFT). Un-
der this scenario the annua water use demand
for an eight month season of barge trafficking
on the Missouri River at Kansas City would be
29,666,380ACFT/YR.

Recreational watercraft have minimum
water depths and widths required to make it
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possible for the craft to navigate through the
watercourse. Table 6 shows required depths
and widths for various recreational watercraft.
With this information, in-stream flow needs for
recreational watercraft on a specific stream
reach can be calculated with measurement of
its geometry and stream flow. Hydraulic calcu-
lations can be made to determine how much
water needs to flow through the watercourse to
obtain the required water depths.

TaABLE 6
Required Stream Depth and Width for
Various Recreational Craft.

Recreational | Required Required
Craft depth (ft) | width (ft)
Canoe-Kayak 0.5 4.0
Drift boat; 1.0 6.0
rowboat, raft
Tube 1.0 4.0
Power boat 3.0 6.0
Sail boat 3.0 25.0

Source: In-stream Flow Information Paper No. 6 (R. Hyra, 1978)

CHANNEL MAINTENANCE

Alteration of the flow regime can have a
significant affect upon channel characterisics.
Components of the flow regime important for
maintaining existing characteristics are often
termed channel maintenance flows. These are
discharges that contain energy great enough to
effect the geometry and configuration of the
channel. Physical characteristics of the chan-
nel that may change include channel geometry
(width, depth, gradient) and channel pattern
(sinuousity, braiding, anabranching).

Channel maintainence flows tend to oc-
cur as hydrologic events as opposed to contin-
ually. During periods of time between these
events the lack of channel-altering energy al-
lows the occurrence of natural processes such
as siltation upon substrates and terrestrial veg-
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etative growth low in the channel. The latter
normally exists only until removed by the next
high energy flow event. The occurrence of
channel maintainence flows and the lack thereof
are natural cycles. When the cycles are unnat-
urally altered, detrimental affects may be expe-
rienced. The impacts of these changes can be
rapid channel migration in unsuspected direc-
tions and channel downcutting, both of which
can destroy property and necessary utility struc-
tures. Aquatic and riparian habitat can be
impacted to the extent that plant and animal
species are rooted or driven from the water-
course.

Detecting the changes in channel mainte-
nance flows requires knowing the past and
present channel maintenance flows of a water-
course. Geomorphic studies have found that
peak flows, with a recurrence interval of ap-
proximately 1.5 to three years may have the

most significant effects upon natural river
channels in the United States. Peak flows
(peak discharges) with extremely long recur-
rence intervals have impacts that are perhaps
the most noticeable to humans and have sig-
nificant effects on the flood plain. The record
floods of 1993 are a prime example. Recorded
data of peak flows with the longest recurrence
interval are peak flows for the period of record
of the stream gage of interest. Table 7 contains
peak flows with 1.5 year recurrence intervals,
three year recurrence intervals, and the peak
flow for the period of record at stream gages on
nonregulated watercourses in Missouri. A
watercourse is nonregulated if it has no con-
trol structures.

Changes in the physical characteristics of
a watershed can alter flow regime compo-
nents. In Missouri the most common cause for
such changes is how land is used by humans.

TABLE 7
1.5 yr., 3 yr., and maximum discharges (cubic feet per second) at selected stream gages
Station Name/ID 15 Yr. 3Yr. maximum period of
peak flow | peak flow flow record

Grand River 59,550 76,500 180,000 1923-1993
near Sumner/6902000

Fox River at Wayland/ 6,510 9,938 26,400 1922-1993
5495000

Little River Ditch 2,650 3,530 6,580 1946-1991
near Lilbourn/7042500

Shoal Creek near 7,740 12,600 62,100 1924-1993
Joplin/7187000

Lamine River near 12,640 23,060 90,000 1905-1980
Clifton City/6907000

Platte River near 18,200 24,600 60,800 1924-1993
Agency/6820500
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Reducing infiltration rates of precipita-
tion in a watershed alters its flow regime by
decreasing base flows and increasing peak
flows. Many communities experiencing signif-
icant development have seen flooding become
worse than it had been previously. Develop-
ment activities usually create impervious sur-
faces on land that formerly were pervious. An
impervious surface prevents water from enter-
ing into the ground. Rainfall upon impervious
surfaces will either evaporate into the atmo-
sphere or run off and quickly enter watercours-
es, as opposed to penetrating the ground and
slowly moving toward watercourses. Increased
flooding is often the result. Figure 26 presents
the calculated results from various percents of
impervious land area in a hypothetical 20-
square mile watershed experiencing the 25-
year flood. Increases in percent of impervious
area from one to ten percent would create a 35

In-Stream Water Flow and Its Uses

percent increase in peak flow. Increases in
percent of impervious area from one to 25
percent would create a 52 percent increase in
peak flow.

The rainfal that previously entered the
ground of the pervious land areas often was the
major source of water for stream flow that
existed during dry times (base flow). With that
water no longer contributing to base flow, the
watercourse may no longer have stream flow
during dry times.

Relatively low stream flow has subtle
effects upon a watercourse. A common effect
is terrestrial vegetative growth above the sur-
face of the water in portions of the watercourse
that would normally be inundated and have
much less vegetation. Excessive vegetation
can have noticeabl e effects on the hydraulics of
water moving through the channel or the flood
plain. In some situations, results can include
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stream bank stabilization or a wetland flour-
ishing with an unsurpassed variety of organ-
isms.

In other situations, the additional vegeta-
tion slows the flowing water and may act as a
catch-net forming log and debris jams with
debris being transported by high magnitude
stream flow events. This can result in stream
flow magnitudes which did not previously
cause over-bank flow (flooding) now causing
unexpected flooding of land that was histori-
cally above the water level.

Some adverse impacts of land use upon
in-stream flows can be prevented or reversed.
Hydrologic regimes can be examined to deter-
mine how much alteration has occurred, and
what the preferred hydrology is for water uses
of a specific portion of a river. Information
gained with watershed analysis can improve
the practical, economical, and political results
of natural resource management decisions.

TRANSPORT OF EFFLUENT DISCHARGES

Watercourses that receive water contain-
ing contaminants are used as transport sys-
tems for such pollutants. They have a limited
ability to lower the toxicity of some pollutants.
There are many factors that affect the ability of
a watercourse to detoxify effluent, including
the type of substrate material, water tempera-

ture, chemical content of receiving water and
that of the effluent, the effluent percentage of
receiving water, and the presence of organ-
isms with biodegrading capabilities.

In-stream flow directly affects the efflu-
ent percentage of the receiving water (dilution
factor) and becomes especially important dur-
ing times of low flow. Effluent percentage of
receiving waters is dependent upon effluent
volume of water and the volume of receiving
water. With effluent discharge volume remain-
ing constant, asin-stream flow decreases, efflu-
ent percentage of receiving water increases.
The result is higher concentrations of pollut-
ants in the receiving water and potentially
lower water quality in the watercourse.

This problem is addressed in the design of
wastewater treatment facilities by using an
expected minimum flow of the receiving wa-
ter to calculate the amount of pollutants that
can be released into streams without causing
adverse impacts. In Missouri, this criteria is
the seven-day, 10-year minimum flow of the
receiving water. It is a statistical parameter
that estimates the average minimum flow for
seven consecutive days that have a recurrence
interval of 10 years. Table 8 presents cal cu-
lated seven-day 10-year minimum flows at
several stream gage locations around the
state.

TABLE 8

Seven-day 10-year Minimum Flow at Selected Stream Gages
Station Name/ID Seven-Day Ten-Year
Minimum Flow (cfs)
Grand River near Sumner/6902000 37.8
Fox River at Wayland/5495000 0.2
Little River Ditch near Lilbourn/7042000 41.4
Shoal Creek near Joplin/7187000 43.9
Lamine River near Clifton City/6907000 0.6
Platte River near Agency/6820500 31
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A significant factor of low flows in Mis-
souri and transport of effluent, especialy in
the Ozark Plateau, is the losing stream charac-
teristics of some watercourses. As stated in the
DNR Water Quality Sandards, A losing stream
“distributes thirty percent or more of its flow
through natural processes, such as through
permeable geologic materials into a bedrock
aquifer within two miles flow distance down-
stream of an existing or proposed discharge.
Flow measurements to determine percentage
of water loss must be corrected to approxi-
mate the seven-day 10-year stream flow.” A
watercourse with losing reaches can experi-
ence stream flow that decreases as it moves
downstream, or, during low flow conditions,
ceases flow altogether.

Losing stream reaches transporting water
pollutants create a direct avenue for introduc-
ing those pollutants into nearby aquifers.
Groundwater contamination can ruin drink-
ing water supplies. It creates an immense
economic burden for people who rely upon
groundwater resources, with minimal treat-
ment, for drinking water. The DNR Water
Quality Standards prohibit the discharge of
effluent within two miles upstream of alosing
stream reach. Identifying losing stream reach
locations is important in any hydrologic inves-
tigation.

The Division of Geology and Land Survey
continues to investigate potential losing stream
reaches throughout the state. Figure 27 illus-
trates locations of the upstream end of stream
reaches that have been determined, as of Sep-
tember 1995, to have losing stream character-
istics. Figure 28 presents, by county, the total
number of losing stream reaches and the total
number of miles of losing stream reaches.
Appendix 7 lists each losing stream with its
length and number of losing reaches. A stream
reach not appearing on this list has not necessar-
ily been determined to be “gaining” — the stream
may not have been surveyed.

The Ozark Plateau has by far the majority
of identified losing reaches within the state.
The counties of Barry, Green, and Christian
hold approximately 39 percent of Missouri’s
identified losing stream reaches. Along the
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northeast fringes of the Ozark Plateau, Jefferson
County has the fourth highest number of los-
ing reaches, totaling 44. Howell, Dent, Shan-
non, and Oregon counties have relatively long
total lengths of losing reaches with Howell
County holding the longest total length of
losing reaches (243 miles) in the state.

Fist anD WILDLIFE

Perhaps the most complex standards for
in-stream flow requirements are those for aguat-
ic organisms. Many species require differing
in-stream flows in order to live. Hundreds of
species in Missouri are dependent upon flow-
ing water and are usually dependent upon
many other species in the same watercourse.
Calculating the in-stream flow that will best
meet the needs of this wide array of users
requires extensive knowledge of the species
existing within each watercourse.

Altering the hydrologic regime of ariver
can significantly impact the aguatic ecosystem
in that river. Dams, reservoirs, and water
diversions have significantly altered flow re-
gimes on river systems around the world.
While many benefits are received from such
changes to river systems, adverse impacts are
also experienced.

Methods used for determining in-stream
flow requirements of aquatic life are one of
three types. In order of increasing complexity,
they are: (1) historical discharges or rule-of-
thumb methods, (2) threshold methods, and
(3) in-stream habitat simulation methods. A
variety of time scales for flow requirements
might be used with any of these methods, i.e.,
weekly, monthly, seasonal or annual. A useful
source of information is historic stream gage
discharge data. Appendix 5, Table 1 presents
280 gaging stations throughout the state in
alphabetic order of the gage location name.
Long term monthly and annual average stream-
flows are presented. Appendix 5, Table 2
presents those same gaging stations in
numeric order of the gaging station USGS
identification number. Appendix 6 illus-
trates locations of the gages.

The historic discharge method uses only
stream flow data to define in-stream flow re-
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Figure 27. Losing stream reaches identified, September 1995

52



In-Stream Water Flow and Its Uses

LEGEND
Losing reaches (miles)
) 0.1 - 25.0
25.1 - 100.0
[1 100.1 - 300.0
| — D Ne known losing reaches

NOTE: Numbers an map
represent number of losing
reaches in county.

0 20 40 &0 80 100 Milas
—_——

0 20 40 40 80 100 Kiomaters

Source: DNR Losing Stream Reaches Database

Figure 28. Losing stream reaches identified, county totals, September 1995
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guirements which use statistical parameters of
the flow data. The simplest of requirements at
a stream location would be minimum flow
expressed as a portion of the mean annual
discharge at that location. An example of a
historic discharge method is the Tennant meth-
od, which determined that a discharge of 10
percent of the mean annual discharge was low
enough to restrict fish to deeper pools and
prevent larger fish from passing through riffles
in Montana, Nebraska, and Wyoming. A dis
charge of 30 percent of the annual discharge
provided satisfactory widths, depths, and ve-
locities of water in rivers.

A drawback to applying such statistics is
that stream morphology (form and structure) is
a significant factor in the effect a discharge
percent will have on the resulting relative
magnitude of habitat sustained by that flow.
Variation in stream morphology between
Missouri and that of Montana, Nebraska, and
Wyoming is significant. Stream morphology
variation, just within Missouri, could be signif-
icant enough to preclude the application of a
statistic statewide. Prior to applying such
parameters developed for other physiographic
regions, stream habitat measurements and
monitoring should be conducted. The Arkansas
Method is an example of applying the Tennant
Method to local conditions. Development of the
Arkansas Method from the Tennant Method in-
cluded consideration of criticd life cycle stages
for native Arkansas fish, seasona flow require-
ments, and physiographic regions of Arkanses.

Threshold methods use information about
habitat requirements for specific fish species
and examine the availability of habitat for those
species at various discharges. A discharge
threshold is determined below which habitat is
inadequate for the in-stream flow needs. Phys-
ical parameters of the watercourse are deter-
mined at critical habitat locations by measuring
characteristic elements such as cross-sectional
profiles, water surface elevation, velocity, and
substrate type. Hydraulic analysisis conducted
to determine the amount of habitat made avail-
able as aresult of specified discharges. Avail-
able habitat can then be related to habitat
required by a species to determine wheth-

er the specified discharge will provide
adequate habitat.

In-stream habitat simulation methods are
similar to threshold methods in that habitat
requirements of a species are compared to
available habitat resulting from various dis-
charges. The difference between the two types
of methods is that in-stream habitat simulation
methods provide greater attention to changes
in available habitat over a range of discharges.
In-stream habitat simulation models include
species-specific habitat requirements for mul-
tiple species and multiple in-stream uses. A
prime example is the In-stream Flow Incre-
mental Methodology (IFIM) developed by the
U.S. Fish and Wildlife Service. This method
uses multiple computer models simulating
habitats resulting from incremental ranges of
discharges as well as time periods and combi-
nations of various levels of water uses. Opti-
mum discharges for several individual species
and water uses can be determined and used to
recommend an operational plan for managing
in-stream flow in a watercourse.

The In-stream Flow Incremental Method-
ology has been applied to a few stream sites in
Missouri. An example is the James River in
Greene County. 1n 1979, the City of Springfield
was in need of additional sources of public
drinking water. The Springfield utilities de-
partment chose the James River. During the
planning process it was recognized that the
amount of water needed from the river had
strong potential for significantly degrading
aguatic habitat downstream of the point of
proposed water withdrawal.

To quantify the potential impacts upon
aquatic habitat due to withdrawing the needed
water, theU.S. Fishand Wildlife Serviceand the
Missouri Department of Conservation conduct-
ed an In-stream Flow Incremental Methodolo-
gy analysis. In-stream flow requirements for
three life stages of four species of fish were
analyzed—smallmouth bass, black redhorse
sucker, channel catfish, and the greenside dart-
er. The study indicated that proposed water
withdrawal amounts would reduce aquatic
habitat by 34 to 50 percent during July through
December in years that the James River re-



ceived normal amounts of stream flow. Dur-
ing times of drought, habitat would have been
much worse. With the help of modelled
scenarios of various potential hydrologic con-
ditions in the James River basin, negotiations
between the fish and wildlife agencies and

In-Stream Water Flow and Its Uses

water supply agencies resulted in a plan. The
plan determined the allowable amounts of
water which were to be withdrawn along a
graduated scale that was consistent with de-
creases in stream flow resulting from periodic
changes in hydrology (times of drought).
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HYDROPOWER WATER USE OF MISSOURI

INTRODUCTION

Since the earliest days of settlement, the
residents of Missouri have called upon the
rivers and springs of the state to provide pow-
er. The unigue physiography and hydrology of
Missouri, especially in the Ozarks, is well
suited to the development of local hydropow-
er sources. Industry and society both profited
from early efforts in hydropower develop-
ment; not only was water power vital to man-
ufacturing and commerce, the facilities which
drew upon it also served as the nuclei around
which many communities developed.

Early attempts to harness the force of
running water fell into four broad categories:
tub mills, undershot wheels, overshot-wheels,
and turbines. Most common were the under-
and overshot wheels. The overshot wheel
relied upon water falling from a flume to turn
it; the undershot wheel used the water flowing
beneath it. Of the two, the overshot wheel
used water more efficiently, because it relied
upon the weight of falling water rather than
the velocity of the flowing stream. But all of
these paled in comparison to the turbine,
which was invented in the 1830s. The turbine
was more compact and durable than the older
water wheels. More importantly, it operated
on a vertical axis, whereas the under- and
overshot wheels relied upon a horizontal axis.
This simple adjustment allowed water to strike
al of the blades (or buckets) at once, greatly
improving efficiency. Every operating hydro-
power facility in the United States can trace its
development to the success of these improve-
ments. To this day they are the foundation

upon which hydroelectric power generation
is built.

While the devices are used only rarely,
these methods are still applicable today. Most
authorities agree that any further development
of large-scale hydropower projects in the state
is unlikely. This is not to say, however, that
hydroelectric power generation will become
any less important in the future. Anyone
having a generator, a wheel and access to
flowing water can self-supply part or al of their
personal energy requirements. As Missouri
moves into the twenty-first century, changes in
the electric utility industry may lead to (or even
necessitate) an increase in small-scale opera-
tions.

DEFINITIONOFHYDROPOWER

Moving water used to generate electricity
falls under the “hydropower water use’ cate-
gory. In categorizing water uses, the Depart-
ment of Natural Resources does not distinguish
hydropower water use from thermoelectric
power water use. The Major Water Users
Database gathers water use data for hydro-
electric power and thermoelectric power pro-
duction under the Electrical Generation cate-
gory. The USGS, on the other hand, separates
the two, recognizing thermoelectric water use
as an “off-stream” use and hydropower as an
“in-stream” use. Large hydropower projects
(such as Bagnell Dam at Lake of the Ozarks,
and Clarence Cannon Dam at Mark Twain
Lake) typify hydropower water use, but other
users (most notably, the Taum Sauk pumped-
storage facility in Reynolds County) are includ-
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ed as well. For the purposes of this report,
“hydropower” is broadly defined as the use of
water to generate electricity at facilities where
the turbine generators are driven by moving
water.

SOURCESOFWATERFOR
HYDROPOWER

Unlike most other water uses, hydropow-
er relies amost exclusively upon surface water
sources. Several rivers and streamsin Missouri
(and their watersheds) provide water for hy-
dropower generation. Not every river basin,
however, can be used to generate hydropow-
er. A watershed must meet exacting topo-
graphic and geologic standards before its hy-
dropower potential may be exploited. Geo-
logic formations at the proposed site must
provide a stable platform for the planned facil-
ity, and have minimal seepage. At the same
time, the river valley must not be overly wide,
and must have sufficient relief to provide ac-
ceptable head. The economic and engineering
considerations of meeting these strict criteria
make hydropower development impractical
in most river basins.

HYDROPOWERWATERUSE
TvyPEs oF HYDROPOWER

One of the most productive ways we use
water today is to generate electrical power.
There are principally three ways water is used
to produce hydroelectric power: standard hy-
dropower dams, pumped storage facilities,
and run-of-river power plants.

The most common way hydropower is
generated today is through the use of hydro-
power dams. When the water stored behind
the dam is released through turbines, electric-
ity is generated.

Pumped storage facilities operate some-
what similarly in that water is impounded and
released to generate electricity. However,
instead of impounding free flowing water, asis
the case with a typical dam, water is pumped
upwards to an elevated reservoir during low
power demand periods and then released back
to its origina source when it is needed.
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A third type of hydropower facility, known
as a “run-of-river” dam, does not impound
water. It simply utilizesthe water flowing in the
river when generation is desired, and runs all
or part of that water through the hydropower
turbines.

Within Missouri there are eight hydro-
power dams currently producing power. These
facilities include four privately owned and
operated plants, and four operated by the U.S.
Army Corps of Engineers (figure 29). With
some variation, all of these hydropower facil-
ities operate in much the same way.

Every hydropower facility produces elec-
tricity by using the force of moving water. The
amount of power a hydropower facility can
produce at any given time is determined by a
combination of factors that include discharge,
hydraulic head, and powerplant efficiency.
This relationship can be expressed mathemat-
icaly by the equation:

P=QHyE

where P is power, Q is the discharge through
the turbine, H is the net head (headwater
elevation - tailwater elevation - losses), yisthe
weight of water, and E is the efficiency of the
turbine and the generator. Water is driven
through the blades of the turbine, pushed by
the weight of the water column behind the
dam. For every foot of water depth, about 62.4
pounds per square foot is exerted.

In hydropower production, electricity is
generated as water passes through the tur-
bines. As water is driven through them, pres-
sure is exerted upon the turbine blades, caus-
ing them to spin. The spinning turbine wheels
produce electricity in the generator, which is
then distributed to homes and businesses via
the transmission network.

Pumped-storage hydropower facilities
operate on the same principle, but use a mark-
edly different technique. These plants use
surplus power generated during off-peak peri-
ods to pump water from alower reservoir to an
upper one. The water pumped to the upper
reservoir is then “stored” as potential energy
until it is required during periods of peak
power demand. When it is needed, it can be
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Figure 29. Hydropower facilities in Missouri
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released back down to the lower reservoir,
producing energy as it passes through the
turbines of the facility. The differences in
elevation between the upper and lower reser-
voirs of most pumped-storage operations are
generally much greater than the maximum
available hydraulic head found at most hydro-
power dams. As a result, pumped-storage
plants can force water through their turbines at
significantly higher pressures, and produce
more power per unit volume of water than the
typical hydropower dam. Smaller reservoirs
and reduced equipment sizes translate into
reductions in the real costs of power produc-
tion. Inadditiontothis, it allowsthe water used
for production to be “recycled,” since the water
in the system simply moves back and forth
between the upper and lower reservoirs.

Engineering constraints and environmen-
tal costs make construction of pumped-storage
facilities difficult. Because of this, the only
pumped-storage facility currently operating in
Missouri is the Taum Sauk Plant owned and
operated by Union Electric in Reynolds Coun-
ty. The Taum Sauk Plant is operated remotely
from the Union Electric Osage Plant at Bagnell
Dam, and serves exclusively as power produc-
tion to meet electrical system emergencies and
peak energy demand. The Harry S Truman and
Clarence Cannon projects are also capable of
pumpback operations; the Truman facility is
not currently conducting them in the interest of
fish and wildlife protection.

The third kind of hydropower facility,
run-of-river, does not operate by impounding
water. Instead, it relies upon the natural flow
of the river to generate energy. Run-of-river
operations typicaly divert either dl or a portion
of the flow of a stream through water wheels
similar to those found in the “typical” hydropow-
er dam. However, because of the smaller differ-
ence between the water surface and turbine
elevations, these “low-head” dams generate a
lower water pressure than “typical” dams and
therefore require greater volumes of water per
unit of power. Still, enough energy is expended
by the river in turning the turbine whed (or
wheels) to generate electrical power. Alternate-
ly, the force of the turning whed may be trans-
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lated directly to mechanical output, as was the
case for many of the early mill operations.

UsaGe CHARACTERISTICS OF HYDROPOWER

Hydropower water use differs from other
water uses reported in Missouri largely be-
cause of the unique way in which hydropower
generation “uses’ water. The cumulative wa-
ter use of Missouri’ s hydropower facilitiesis so
great that it far outweighs other uses in the
state. Despite the vast amount of water re-
quired to generate power, however, hydro-
power generation is considered a non-con-
sumptive use of water. For this reason, it is
often left out of charts depicting overall water
use in Missouri.

During the course of a day, the amount of
water released through the turbines of a hydro-
power facility may change significantly. Hy-
dropower facilities, because they are most
often used to meet peak energy demands (see
COMPARATIVEBENEFITSOFHY DROPOW-
ER, page 62), release more water when de-
mand is high than when it is low. When
additional power is needed (usually in the late
morning through early afternoon), releases
can abruptly increase by thousands (or tens of
thousands) of cubic feet per second. During
off-peak periods, releases decline as energy
requirements can be met efficiently without
the use of hydropower.

Hydropower water use is also more sub-
ject to regiona climatic influences than other
uses. In periods of drought, in-flows to hydro-
power reservoirs can be substantially reduced.
Although water storage in the reservoir may
reduce the immediate impact of drought con-
ditions, extended drought may make it neces-
sary to curtail releases. Ultimately, lesswater is
available for use in power production.

Similarly, flooding may force hydropow-
er plants to release more water than desired
through their turbines to compensate for in-
creased in-flows; they may also need to release
water through a spillway if flooding becomes
severe. This water is, in effect, “wasted” be-
cause it cannot be put to productive use. This
volume of the State Water Plan reports the 1993
water use figures for hydropower, which are



somewhat inflated over what might be antici-
pated in a more “normal” calendar year be-
cause of the record flooding that occurred
during the spring and summer months of 1993.

Substantial investments in equipment and
construction are also characteristic of hydro-
power water use. Only a small number of
watersheds in Missouri have the potential to
support the development of hydropower (see
SOURCESOFWATERFORHY DROPOWER,
page 58). The costs of realizing this potential
can be imposing because of substantial plan-
ning, engineering and construction costs, and
the large tracts of land that must be purchased.
As aresult, only a limited number of sites in
Missouri have developed hydropower poten-
tial; even fewer have undeveloped potential.

OVERVIEW OFHYDROPOWERWATER
USEFORINDIVIDUAL PROJECTS
Union Electric operates the Osage Power

Plant at Bagnell Dam on the Lake of the Ozarks.
Completed by 1931, the Osage Plant was con-
structed primarily to generate hydropower. In
the intervening years, the Lake of the Ozarks has
come to provide important recreational and fish
and wildlife benefits as well.

From the Osage Plant, Union Electric also
controls the Taum Sauk pumped-storage facil-
ity adjacent to Johnson Shut-Ins State Park in
Reynolds County. The volume of water avail-
able for hydropower generation at the Lake of
the Ozarks is approximately 919,000 acre-feet;
an additional 4,460 acre-feet of water is avail-
able for use in the upper and lower reservoirs
of the Taum Sauk facility. In 1993, the Osage
Plant reported use of dlightly more than 5,500
billion gallons of water to produce 1,330,826
megawatt/hours of power. During this period,
Union Electric’s Taum Sauk Plant generated more
than 55,000 megawatt/hours of dectricity with a
reported water use of 913 million gdlons.

The Sho-Me Power Corporation operates
arun-of-river plant on the Niangua River, used
to supplement system requirements of the
Sho-Me Power Corporation not met by other
plants. The Niangua Plant, also known as
Tunnel Dam, employs a unique method of
operation.

Hydropower Water Use of Missouri

Between the dam site and the power-
house, the Niangua River meanders around a
bluff, dropping significantly in elevation by the
time it reaches the other side. The Niangua
Plant takes advantage of this by diverting a
portion of the Niangua River's flow into a
tunnel drilled through the bluff and down to
the powerhouse built on the other side. After
passing through the turbines, the water is
returned to the Niangua River, “borrowed”
briefly to produce electricity. In 1993, the
Niangua Plant reported a water use of 58.9
billion gallons and an annual power produc-
tion dlightly greater than eight gigawatt/hours.
Unlike many damsin the state, Tunnel Dam has
no hydropower storage, being a run-of-river
facility. Asaresult, actua output from year to
year varies with the volume of inflows from the
upper Niangua River watershed.

The Empire District Electric Company
operates a run-of-river facility on the White
River, known as the Ozark Beach Plant. Asis
the case with the Sho-Me Power Corporation’s
Niangua Plant, there is no hydropower pool
for the facility to draw upon; the facility in-
stead relies primarily upon releases from Ta-
ble Rock Dam, 21 miles upstream. The Ozark
Beach Plant also provides additional power to
the Empire District Electric Company to meet
its power needs; it generated 83,535 mega-
watt/hours in 1994. The Empire District Elec-
tric Company recently estimated the water use
necessary to produce maximum output at 815
billion gallons, roughly half of the reported
water use of the upstream Table Rock facility.

The United States Army Corps of Engi-
neers owns and operates four hydropower
facilitiesin Missouri: Stockton Dam at Stockton
Lake on the Sac River, Harry S Truman Dam on
the Osage River, Clarence Cannon Dam at
Mark Twain Reservoir on the Salt River, and the
Table Rock Dam at Table Rock Lake on the
White River. Each of these projects are similar
in that each has a large volume of storage
allocated to multiple uses. The smallest,
Clarence Cannon Dam, stores slightly less
than 250,000 acre-feet of water in Mark Twain
Lake. Projects developed by the Corps of
Engineers, unlike many private projects, ad-
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dress a wide range of uses, including hydro-
power, flood control, recreation, fish and wild-
life programs, water supply and maintenance
of navigation. Water use and power produc-
tion for Corps of Engineers projects for 1993
are shown in table 9 below.

Unlike many privately owned and oper-
ated hydropower facilities, U.S. Army Corps of
Engineers facilities do not market the power
they generate. Instead, they rely upon interme-
diaries (such as the Southwestern Power Ad-
ministration and Associated Electric Coopera-
tive, Inc.) to distribute their output. Organiza-
tions such as these rely upon a network of
generation facilities to provide power, and do
not limit themselves to in-state sources. Be-
cause of this, any discussion of hydropower
must recognize the contributions of facilities
located in other states. For example, the Bull
Shoals plant (located in northern Arkansas)
provides a great deal of energy to Missourians.
In the 1994 calendar year, the Bull Shoals plant
used 1.86 trillion gallons of water to generate
101 gigawatt/hours of energy. Distribution of
hydropower generation (and other sources,
such as nuclear and fossil fuels) tends not to
recognize state lines; ultimately, each thermo-
electric power facility in Missouri is a compo-
nent of a nationa (even international) power
network.

CONSUMPTIVEUSEVERSUSRETURN
FLOW

Hydropower generation uses an extraor-
dinary volume of water; nevertheless, we con-
sider it a non-consumptive use of water. Be-
fore it is actually used though the amount of
water available for hydropower generation is
considerably reduced by evaporation losses.
In 1990, evaporation losses for the eight hydro-
power facilities described above were estimat-
ed at dightly more than 260 hillion gallons of
water.

COMPARATIVEBENEFITSOF
HYDROPOWER

The foremost use of hydropower in
Missouri comes from its value as a generator of
power during peak demand periods. Once
engaged, coal-fired plants require an extensive
amount of time to become operational. At this
point, power can be generated across a range
of capacities, but most efficiently at a specific
level. Utilitiesprefer to operate at thislevel, but
will operate above efficient capacity if neces-
sary. Unfortunately (from an efficiency stand-
point), demand for power is not constant; it
varies with the time of day and season of the
year (figures 30 and 31). Coal-fired power
plants are typically built to meet minimum
around-the-clock power demands, and are

TaBLE O
1993 Water Use and Power Production, US COE Facilities

Facility Name

1993 Water Use *

1993 Power Production

Stockton

129 billion gallons

135 gigawatt/hours

Harry S Truman

568.5 billion gallons

398 gigawatt/hours

Clarence Cannon

90 billion gallons

37 gigawatt/hours

Table Rock

1.7 trillion gallons

973 gigawatt/hours

* 1993 water use and power production figures inflated by record flooding during spring and summer months
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sometimes referred to as baseload plants.
During periods of peak demand (mid-after-
noon and again in the early evening), the
demand for electricity exceeds the supply that
nuclear and coal-fired baseload plants can
provide. Hydropower facilities have a number
of attributes that make them ideal providers of
electricity during these periods. Hydropower
plants (unlike coal-fired plants), can provide
power within minutes of activation and can
frequently repeat the start/stop sequence.
Furthermore, in comparison to baseload plants,
they require very little start-up power to come
on line. They are aso highly flexible in terms
of output. Because of the ease with which
hydroelectric generators start and stop, it is a
simple matter to meet variable peak demand
by controlling the number of turbines in oper-
ation at any given time.

These characteristics also make hydro-
power plants important sources of emergency
power. The efficiency, rapid start-up intervals
and power requirements of hydropower facil-
ities enable them to meet sudden additional
energy demands. Were a generator in a
baseload plant to fail or come off-line for
maintenance, hydropower is easily and imme-
diately accessible. In other words, hydropow-
er provides system security for electric utili-
ties, alowing better and more frequent main-
tenance of coal-fired plants as well as a quick
remedy to large-scale black- or brown-outs.

Pumped-storage facilities have the add-
ed benefit of being able to “store” potential
energy. As shown in a typical daily demand
curve, the demand for electricity during late
night and early morning hours is far below the
supply provided by baseload coal-fired plants.
As has been already noted, it is extremely
impracticable to take these plants off-line be-
cause of the difficulties involved with stop-
ping and restarting baseload, coa fired plants.
On the other hand, there is currently no ac-
ceptable means by which to store surplus
power supplies; power generated but not
consumed immediately, if it cannot be resold,
islost. Pump-storage facilities provide a par-
tial solution to this problem. Power supplies
that might otherwise go unused are instead

directed towards pump-storage facilities that
use the electricity to pump water back to the
upper reservoir. In this way, pump-storage
facilities function as large “batteries’ by stor-
ing potential energy during low demand peri-
ods in anticipation of the power generated by
the release of water during peak demand
periods. A portion of the power generated by
baseload coal-fired plants during low demand
periods is saved as a result in pump-storage
facilities, and is available to meet peak de-
mands during daylight hours.

Most hydropower facilities operating in
Missouri offer significant alternative benefits to
the public. Because of the environmental and
social impacts of building dams, the Federal
Energy Regulatory Commission (FERC) often
requires the devel oper to mitigate the effects of
construction and operation. This is usually
done by enhancing other beneficial uses, such
as recreation, fish stocking and flood control.
For example, to mitigate the negative impacts
of dam construction and operation on local fish
populations, Union Electric (as part of the
licensing of Bagnell Dam by FERC) agreed to
develop and maintain a fish hatchery (Dan
Jarvis, personal communication, 1995). Most
facilities producing hydropower recognize the
importance of multi-purpose operations. In
fact, only two percent of dams nationwide
declare hydropower generation as their prima-
ry purpose (figure 32). In Missouri, recreation
is an important secondary beneficial use de-
rived from many hydropower generating dams.
One of Missouri’s most important recreational
areas—L ake of the Ozarks, exists only through
the impoundment of the Osage River. While
Bagnell Dam was constructed principally for
hydropower generation, the recreational op-
portunities provided by the dam have become
famous throughout the Midwest. Although
recreation represents the predominant addi-
tional public benefit derived from hydropow-
er, other aternative benefits also exist. Some
of these reservoirs provide a source of public
water supply. All four of the dams operated by
the U.S. Army Corps of Engineers keep a
portion of reservoir capacity storage for flood
control. In the long run, each of these uses—
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Figure 32. Primary purposes of U.S. dams

flood control, fish stocking, public water sup-
ply, and recreation—helps temper the socia and
environmental costs associated with hydropow-
er development.

Hydropower represents a cleaner, less
expensive source of energy than traditional
coal-fired baseload plants. For example, every
million megawatt/hours generated by Missou-
ri’s hydropower plants saves our economy
(and environment) nearly 2.4 million barrels of
oil. To provide perspective, consider that the
four federal hydropower projects operating in
Missouri alone generated 1,743 million mega-
watt/hours in 1993, which is equivalent to 4.15
billion barrels of oil. Hydropower is an effi-
cient producer of electricity, providing power
at efficiencies between 85 and 92 percent.
Engineering and environmental constraints
seriously limit the potential for future hydro-
power development. However, if existing
hydropower sites were fully developed to their
peak efficiencies, the resulting reductions in

pollution from coal-fired plants would be
substantial. Improvementsin air quality would
stem from reduced exhaust emissions, ther-
mal water pollution would fall with declining
water requirements for power plant cooling,
and the threat of groundwater pollution from
thermal waste products (primarily ash and
scrubber sludge) would be reduced. Hydro-
electric plants are also cheaper to operate.
Every kilowatt-hour of electricity produced by
hydropower plants costs approximately 25
percent of similar operating and maintenance
costs faced by nuclear and coal plants. Further,
because hydropower plants do not expend fuel
to produce dectricity, their operating costs are
not subject to increasing fuel prices.

Lastly, hydropower plants were some of
the earliest sources of power in many parts of the
country. Because old hydropower facilities have
very low plant and equipment costs (and nonex-
istent fuel costs), they provide inexpensive eec-
tricity to many rurd areas nationwide.
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WATERBORNECOMMODITY TRANSPORT WATERUSE

INTRODUCTION

The transportation of commodities in
river barges is a major use of the Missouri and
Mississippi Rivers. Thiscan be afuel efficient,
economical mode of commodity transport.
One barge can carry as much as 58 over-the-
road trucks or 15 jumbo-hopper rail cars.
Figure 33 demonstrates the energy efficiency
of using waterways versus railroads or trucks.
The graph indicates the number of miles one
ton of commodity is moved using one gallon
of fuel. Barges are almost 10 times more fuel
efficient than trucks and about 2.5 times as fuel
efficient as moving commodities by rail. Low-
er transportation costs translate into more

profit for products, such as farm products, and
paying less for goods purchased. Because of
competition between modes, waterborne com-
modity transport may provide significant price
competition for shipping commodities.

TONNAGE SHIPPED
STATEWIDE
According to a 1995 study conducted by
Mercer Management Consulting, in 1992 there
were 29 million tons of commodities that
either originated from, or were received by
sources within the state of Missouri. A break-
down of Missouri’s domestic waterborne com-
merce by commodity can be found in Table

600
514 miles
400
kS
=
202 miles
200
59 miles
. |
Truck Railroad Barge

Jource: Eastrran, 3.E. "Fuel Efficiency in Freight Transportation.” Arnerican Yaterway: Operators Inc., Arlington VA, June 1980
in "Environrmental Advantages of Inland Barge Transportation,” USDOT Maritime Adrninistration, August 1994

Figure 33. Energy efficiencies: truck, rail and barge. Number of miles one ton of commodity is moved using one gallon

of fuel.
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10. Coa makes up the bulk of commodities at
12.6 million tons, with the sand and gravel
category amounting to 7.3 million tons. Fertil-
izers accounted for one million tons. Food and
food products account for only 0.1 million
tons.

TasLE 10
Missouri’s Domestic Waterborne Commerce
by Commodity

1992
Received and Originated Volume
(million
tons)

Coadl, lignite, and coke 12.6
Sand, gravel, shells, clay, 7.3

and salt
Primary non-metal products 35
Petroleum products 13
Chemical fertilizers 1.0
Chemicals excluding fertilizers 0.6
Non-ferrous ores and scrap 0.6
Food and food products 0.1
Primary metal products 0.1
Withheld disclosure 1.8
Total 28.9

Source: Mercer Analysis of U.S. Army Corps of Engineers’
State-to-State Public Domain Database, 1992.

Missourl RIVER
According to Waterborne Commerce of
the United Sates, a publication by the U.S.
Army Corps of Engineers, the total tonnage
shipped on the entire length of the Missouri
River in 1994 was about 8.5 million tons. This
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was up from the last several years, which
ranged between five and six million tons.
Those years included seasons with reduced
draft (lighter loading) and reduced season
length due to drought, and periods when the
river was shut down because of flooding. Of
the 8.5 million tons shipped on the Missouri
River, sand and gravel led with 6.1 million tons;
1.1 million tons were fertilizers, food or farm
products. Appendix 8 shows a breakdown of
the different commodities shipped on the
Missouri River in 1994 and the total volumes
shipped 1985 to 1994.

Mississippl RIVER

The total commodities shipped on the
entire length of the Mississippi River in 1994
was about 497 million tons, according to
Waterborne Commerce of the United States.
Appendix 9 has a detailed breakdown of the
commodities shipped on the Mississippi River
as reported in that study. The volume and
diversity of commodities shipped on the Mis-
sissippi River were much greater than those
shipped on the Missouri River. Sand and gravel
accounted for about 9.8 million tons of the
commodities shipped on the Mississippi River
in 1994, fertilizers amounted to 17 million tons,
and 146 million tons were food and farm
products.  Appendix 9 also presents total
tonnage shipped on the Mississippi River for
the years 1985 through 1994, which ranged
from 384 million tons to 497 million tons.

USAGECHARACTERISTICS

The Missouri River navigation system
depends on a large system of reservoirs to
supplement flow downstream of the reser-
voirs. For full service navigation, enough
water is released to maintain a navigation
channel 300 feet wide and nine feet deep. In
times of water shortage, the U.S. Army Corps of
Engineers reduces the amount of water re-
leased. A flow of approximately 41,000 cubic
feet per second at Kansas City, provides full
service navigation (9-foot draft). A flow of
approximately 35,000 cubic feet per second at
Kansas City provides minimum support to
navigation (8-foot draft).



The length of a normal navigation season
on the Missouri River is eight months, extend-
ing from April 1 to December 1. The season is
halted for the winter months because of river
freeze-up and ice (in the upper part of the
basin). The season length can be shortened (or
halted) when water is short, or lengthened
when there is excess water in the reservoirs and
when temperatures are high enough to avoid
ice formation.

In contrast, the Mississippi River uses a
series of locks and dams to maintain channel
depths adequate for navigation. Locks move
barges past the accompanying low level dams,
operating as water-filled elevators. The lock
and dam system maintains navigation on the
upper Mississippi River, even during times of
very low flow. Lock and Dam 27 isthe southern
most lock and dam and is located six miles
downstream of the confluence with the Missouri
River. The Mississippi River is afree flowing
river system (no more locks or dams) from
Lock and Dam 27 to its mouth. This meansthat
water depths are no longer controlled by lock
and dams and is dependent on adequate flow

Waterborne Commodity Transport Water Use

to maintain channel dimensions. On this
lower portion of the Mississippi River system,
navigation can be encumbered and traffic
greatly reduced during dry periods. At stages
below two feet (approximately 90,000 cfs) on
the river gage at St. Louis, barge traffic on the
Mississippi River is encumbered. At astage of
-4.5 feet (approximately 44,000 cfs) on the gage
at St. Louis, all navigation halts (Volume
6D: Economic Sudies, Master Water Control
Manual, Missouri River, Review and Update, July
1994, U.S. Army Corps of Engineers).

Unlike the Missouri River System, the
navigation season normally continues 12
months a year on the Mississippi River, al-
though there can be some problems with ice.

High water can restrict movement of
commodities on both the Missouri and Missis-
sippi rivers. The U.S. Coast Guard monitors
conditions for safety and sometimes closes the
river during flood events. Consideration is
given to both safety of the vessel as well as
potential affects that the barge tows would
have on the river system (i.e. wave impacts to
levees).
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WATER-BASED OUTDOORRECREATION

Outdoor recreational use of Missouri’s
water resources is a significant portion of the
total outdoor recreation activities that Missou-
rians, as well as people visiting the state,
participate in and cherish as a valued opportu-
nity. Everyone from those having grown up in
Missouri to those who have traveled through
the state, and who have had an opportunity to
stop by a swimming area at one of Missouri’s
many lakes or streams, carry with them fond
memories of the state’'s lakes, rivers, springs,
or wetlands. The popularity of our state’s
splendid water resources continues to grow.
A common symbol of the state of Missouri is
the use of our vast water resources be it a
riverboat ride on the Missouri River or a canoe
trip down the Current or Eleven Point riversin
the Ozark National Scenic Riverways.

The 1994 Census data was examined by
the University Extension Office of Social and
Economic Data Analysis for population growth
of incorporated places since 1990. Out of the
top ten incorporated places with a population
of at least 2,500, the third, fourth, and tenth
fastest growing places are near public recre-
ational lakes. Hollister (third) and Branson
(fourth) are near Table Rock Lake in southwest
Missouri. Camdenton (tenth) is near Lake of
the Ozarks. Camdenton was observed to be
growing three times faster than in the 1980s.

In some areas of the state, high quality
water flowing in rivers and through lakes is the
catalyst for a tourism industry centered around
recreation in those waterbodies. Entire com-
munities have sprung up as a result of the
water-based recreational opportunities creat-

ed by the existence of large reservoirs. River
recreation is also a popular activity, in south-
ern Missouri, spurring a tourism industry in
the vicinity of the river reaches receiving the
recreational activity.

Recreational water uses can be created
by other uses. For example, a reservoir built
for hydropower can become a host of reser-
voir-related recreation. However, recreation
is not always compatible with other uses. A
lake that has a hydropower generation facility
at the dam, and recreational facilities on the
lake, sometimes experiences limited use of
the water resource for one of the uses due to
overriding demand for that water by the other
use. For example, the hydroelectric facility
might need to generate quantities of power
within a limited time period that would cause
the water surface elevation of the lake to
decrease several feet over a period of a few
weeks. Recreational users might consider a
decrease of that amount in lake elevation to be
detrimental to their activities. On a lake that
considers recreation the top priority use, the
hydropower facility would not be able to meet
the demand for electricity.

Conflicting uses of the water can aso
occur with riverine recreation. For example, a
relatively small stream has a potential of being
rendered unavailable for recreational use due
to a water diversion or a withdrawal structure
being built that removes a significant portion
of the stream flow. Significant demand upon
the stream for recreational use might dictate
not withdrawing water, curtailing, or eliminat-
ing that use.
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In situations where uses of a water re-
source conflict with one another, it is often
beneficial to determine the water needed for
each type of use, evaluate those needs, and to
develop an arrangement that would allow for
at least limited availability of the water for the
various uses. The supply of water may not be
as much asis desired, however there may be an
opportunity to supply the amount of water
actually needed.

RECREATIONAL WATERUSERSDEMAND
WATER-BASED OUTDOOR RECREATION
AcCTIVITIES

The Missouri Statewide Comprehensive
Outdoor Recreation Plan 1991-1996 (SCORP)
includes user information pertaining to out-
door recreational activities that are dependent
on the presence of water. These activities are
referredtoaswater-based activities. The SCORP
conducted user surveys among outdoor
recreationists in Missouri and identified 43
outdoor recreation activities. The 43 activities
were ranked by the number of users engaging
in each activity. Seven of those 43 activitiesare
water-based. The survey estimates the amount
of use each activity receivesin units of activity-
days, i.e., an individuals participation in an
outdoor recreation activity in any portion of a
day. Table 11 presents the water-based activ-
ities, ranking of each activity among the 43
activities, total activity days for 1989, and
projected total activity days for 1995. Swim-
ming receives the most use with an estimated
1989 total of 57.2 million activity-days and
ranks third in total use among all outdoor
activities.

ApuLT AND CHILD PARTICIPATION

Table 12 compares adults to children 1989
total activity-days spent per capita for each
water-based activity. Swimming receives the
most activity days from both adults and chil-
dren, 9.7 and 15.4 activity-days per capita
respectively. Fishing receives almost as many
activity-days from adults as swimming with
8.9 activity-days per capita. Children spend
much fewer activity-days per capita (4.8) fish-
ing than they do swimming (15.4).
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TasLE 11
Woater-based Outdoor Recreation Activities

Activity x | Million Activity Days
S 1989 1995
(projected)
Swimming 3 57.2 59
Fishing 5 40.3 45
Motor Boating| 13 21.0 26
Water Skiing | 26 6.6 8.2
Canoeing 31 4.1 4.2
Non-motor/ | 33 2.6 2.7
Row Boating
Sailing 36 1.8 1.9
Total 133.6 147.0

Table 13 presents the percent of the adult
population of Missourians participating in each
water-based recreational activity during 1989.
Swimming and fishing both receive participa-
tion from more than 50 percent of adult Mis-
sourians.

The high popularity of lake recreation
continues. With the exception of Lake of the
Ozarks, the largest impoundments are man-
aged by the U.S. Army Corps of Engineers.

Tallies are kept by the Corps of the annual
total number of user hours spent on most of the
reservoirs the agency manages in Missouri.
Figure 34 summarizes this information for re-
cent years. Annual total visitor hours for 1988,
1990, 1992, and 1994 are presented for reser-
voirs that reported annual user hours. Table
Rock reservoir in Barry, Stone, and Taney
counties receives the most visitor hours, aver-
aging greater than 30 million visitor hours per
year during the four years presented.

Smaller impoundments also receive sig-
nificant numbers of visitors. A survey con-



Water-based Outdoor Recreation

Per Capita and Statewide Adults & ChiIdrenTg?JE[cEi(;Lozr Recreation Demand in Activity-Days, 1989
Adults Children
Activity Per Capita Statewide Per Capita Statewide
(millions) (millions)
Swimming 9.7 37.2 15.4 20.0
Fishing 8.9 34.1 4.8 6.2
Motor Boating 4.5 17.1 3.0 3.9
Water Skiing 13 51 11 15
Canoeing 0.9 34 0.6 0.7
Non-motor/Row Boating 0.6 2.2 0.3 0.4
Sailing 0.4 1.6 0.2 0.2
Total 100.7 32.9
TaBLE 13

Adult Participation Rates for Water-based Outdoor Recreation Activities, 1989

Activity Participation Rate (%)
Swimming 52.1
Fishing 52.2
Motor Boating 34.1
Water Skiing 16.1
Canoeing 21.3
Non-motor/Row Boating 11.9
Sailing 4.8
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Water-based Outdoor Recreation
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Figure 34. U.S. Army Corps of Engineers reservoirs in Missouri, recreational visitor-hours

ducted from 1983 to 1988 by the Missouri
Department of Conservation estimated 14 per-
cent of all fishing in Missouri occurred at
ponds smaller than five acres.

RECREATIONAL WATERRESOURCES
PusLic LAKES AND STREAMS
The Missouri Statewide Comprehensive
Outdoor Recreation Plan 1991-1996 (SCORP)
edtimated the total acreage of public lakes and
miles of public streams available for public
outdoor recreational use. The total acres of
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public lakes within the state is reported as
269,017. The tota miles of public streams
within the state is reported as 17,736.

The data is reliable at a resolution of four
regionswithin the state; two urban regions—St.
Louis, Kansas City—and two rural regions—
northern Missouri, and southern Missouri. Fig-
ure 35 presents the boundaries of the four
regions, total acreage of lakes within each
region, total miles of public streams within
each region, and acres or miles per 1,000
residents within each region. Table 14 pre-
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Kansas City Region-
[ 7,183 acres of lakes

(18.94 acres per 1,000 peaple)
551 miles of streams

(0.1 miles per 1,000 peaple)

Southern Region-
208,597 acres of lakes

(150.07 acres per 1,000 peaple)
2310 miles of streams

(6.7 miles per 1,000 epople)

Figure 35. Public use lakes and streams, acreages and miles

5t. Louis Region-
8,704 acres of lalkes

(3.67 acres per |,000 people)
861 miles of streams

(047 miles per 1,000 people)

Northern Region-
36,558 acres of lakes

(40.35 acres per 1,000 people)
7014 miles of streams

(774 rniles per 1,000 peaple)
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sents these same numbers by region and
statewide.

Southern Missouri has more than three
times as many acres of public lakes (208,592)
than the other three regions combined
(60,425). This can be accounted for by the fact
that southern Missouri has topographic and

Water-based Outdoor Recreation

hydrologic characteristics more conducive to
the development of large multi-purpose reser-
voirs than does northern Missouri. The two
rural regions have the demographic advan-
tage of much more undeveloped, unpopulated
space available for developing such large
reservoirs.

TasLE 14

Public Lake Acreage for Outdoor Recreation Use:
Region Acreage Per 1,000 Population
St. Louis 6,704 3.67
Kansas City 17,163 18.94
Northern Missouri 36,558 40.35
Southern Missouri 208,592 150.07
Total/(Average)’ 269,017 (53.48)

Public Stream Miles for Outdoor Recreation Use:
Region Miles Per 1,000 Population
St.Louis 861 0.47
Kansas City 551 0.61
Northern Missouri 7,014 7.74
Southern Missouri 9,310 6.70
Total/(Average) 17,736 (3.53)
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In 1977 the Missouri Department of Con-
servation estimated that, as of 1975, there
were 315,000 private impoundments in
Missouri smaller than 1,000 acres with a sur-
face area totalling approximately 195,000
acres. Distributed throughout the state, it was
estimated the greatest concentrations are in
northern and west-central Missouri where roll-
ing terrain and clay soils have provided more
suitable conditions for pond construction.
Ponds per square mile are estimated to be 5.7
in northern and west-central Missouri, 2.1 in
Southeast Missouri, and 4.1 in the remainder
of the state. Resultsfrom a 1990 survey by the
Missouri Department of Conservation indicate
there may be many more ponds than previous-
ly estimated. The 1990 survey estimated more
than 827,000 ponds in Missouri totalling more
than 820,000 acres. The differences in the
1977 survey and the 1990 survey may be an
indication that it is uncertain as to approxi-
mately how many ponds are in Missouri.

SPRINGS

Springs are a significant recreational re-
source in Missouri. Trout rearing for the
purpose of recreational fishing is thought to be
the most common recreational use of Missouri
springs today. The lower average water tem-
perature of spring flow creates an aquatic
environment unusual in the midwest by mak-
ing it possible to maintain cold-water fisheries
in the receiving waters of those springs. Some
of the larger springs in Missouri are also
popular to visit for simply experiencing the
micro-environment created by unusually cool,
high quality water, at its point of discharge.
The Department of Natural Resources, Divi-
sion of Geology and Land Survey has more
than 2,800 springs on record for Missouri.
Many springs are not recorded. Most are
located in the Ozark Region due to the karst
topography which creates avenues for ground
water to enter surface water as a point source.

For a look at specific springs and their
characteristics including hydrologic, physical,
cultural, faunal, and floral descriptions, see
Sorings of Missouri, DNR, 1982.

QUANTITY OFWATERUSED

The largest recreational use of water is
lake recreation. From a quantitative stand-
point, the most significant water need for lake
recreation is that of maintaining appropriate
water surface elevations of the lake. Most
recreational lake users would prefer a con-
stant lake elevation throughout the recreation-
a season and for as long as possible. Water
access facility owners and operators can con-
struct and manage facilities less expensively
and provide more convenient services to
recreationists if the water surface elevation
and location of water edge can be relied upon
to be constant. Most recreational lakes in
Missouri have multiple uses which prevents
maintaining a constant water surface eleva-
tion. In such cases a determination of the true
water needs would be beneficial to know.
This might provide a basis for developing a
compromise with other water use needs for
the resource.

Maintaining a constant reservoir level can
have an effect on the water that is available for
other uses in a reservoir or downstream of it.
By conducting water balance calculations (stor-
age = inflow + outflow - losses), we can
determine the volume of water that is “lost” to
other uses attributed to maintaining a constant
pool elevation. This would consider variables
such as the amount of water lost downstream
during dry periods to keep the reservoir full and
excess water discharged during wet periods.

The amount of water needed to maintain
a constant water surface elevation is equivalent
to the amount of water exiting the reservair,
i.e., losses, discharges and withdrawals. Losses
would include seepage and evaporation from
the reservoir. Discharges would be the amount
of water allowed to exit the reservoir and
continue flowing down the watercourse. With-
drawals would be the amount of water taken
out of the reservoir and conveyed to off-stream
uses. Recreational uses of a reservoir would
prefer to be assured that a quantity of water
equivalent to the exiting water volume would
simultaneously enter the reservoir. This might
be considered the preferred amount of available
water. Redligticaly, a recreationist could only
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hope for maintaining water surface eevations
within a range of a few feet, making it at least
feasible to provide access facilities and services
a the shoreline.

Quantifying water used for river recre-
ation is atype of in-stream flow calculation. A
predominant criteria from a quantity perspec-
tive is maintaining adequate water depth in
the channel. Boats, for example, require
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various minimum water depths depending on
the design of the boat. In Section 5 of this
report, titled “In-Stream Water Flow and Its
Uses,” Table 6 presents typical required water
depths for various types of recreational water-
craft. River hydraulics calculations are con-
ducted to determine the amount of water
required to be flowing in the river channel to
maintain the desired water depth.



Fish and Wildlife

FISH ANDWILDLIFE

Fish and wildlife water use is one of the
most complex water uses of the state’'s waters.
In addition to the environmental need for
water to use for fish and wildlife, fishing is
important to Missourians. As presented in the
recreation section of this publication, fishing
is enjoyed by more than 50 percent of Missou-
rians. Itisabillion dollar industry in the state.

Because of abundant surface water in
Missouri, it is generally assumed that there are
ample volumes of water available to meet the
drinking water needs of terrestrial wildlife
during most years, although accessibility may
sometimes be a problem. Beyond this basic
need of water for drinking, water is directly
used by aquatic wildlife to maintain the habitat
on which they depend.

Aquatic animals require a water environ-
ment in which to live, be it a lake, river, or
wetland. Each aguatic species has a range of
aquatic habitats within which it can survive.
Within that habitat is a narrower range of habitat
within which it will not only survive but flourish.
Fisheries biologists have made information avail-
able that describes the habitat needed by individ-
ual species. Important parameters of fish habitat
affected by in-stream flows include water depth,
water velocity, watercourse substrates, and cov-
er. Changes in any of these parameters causes
changes in habitat and possibly the eimination
of some species.

The hydrologic component for defining
aquatic habitat is primarily the flow regime.
Variations in timing of flows can adversely
impact aquatic life. The minimum flow ade-
guate for fish varys depending upon the spe-
cies and season of the year. In riverine envi-

ronments channel maintanence flows (see In-
stream Flow section) are important for defin-
ing the characteristics of pools and rifflesin a
watercourse and removing finer substrate ma-
terials. Some species do not tolerate excessive
accumulations of silt or require it be periodical -
ly removed from the stream bottom and local
habitat.

Appendix 5 characterizes flow regimes
in terms of long term mean discharge for the 12
calendar months at 280 stream gages around
the state. The In-stream Flow Section also
describes methods being used to calculate the
hydrologic requirements for sustaining aguatic
habitat for specific stream reaches. Many addi-
tional hydrologic statistical parameters can be
used to more accurately characterize flow re-
gimes.

AQUATICCOMMUNITY CLASSFICATION
SYSTEM

The Aquatic Community Classification
System For Missouri (Pflieger 1989) is based
primarily on patterns of fish species distribu-
tion and relative abundance because there is
more of this information available for fish than
other aguatic organisms. This classification is
geographically divided into four principal fau-
nal regions and 16 divisions (figure 36). The
Ozark, Lowland, and Prairie regions corre-
spond to major physiographic subdivisions.
The fourth principal region identifies Missou-
ri’s two largest watercourses, the Missouri and
Mississippi rivers. Subdivisions of the Ozark,
Prairie, and Big River Regions are determined
based upon major drainage areas. Distribu-
tion patterns within the Lowlands Region do
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A. Missouri River A. Neosho

B. Upper Mississippi River B. White

C. Middle Mississippi River C. Black

D. Lower Mississippi River D. Southeast
E. Mississippi
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A. Flowing Waters

B. Standing Waters E Prairie

C. Crowley's Ridge Creeks A. Mississippi
B. Lower Missouri
C. Upper Missouri
D. Osage
E. Neoshe

Figure 36. Aquatic faunal regions of Missouri and their divisions
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not correlate well with drainage relationships
(Pflieger, 1989). Subdivisionsin the Lowlands
Region are not defined.

RecioNAL HyDproLoGic REGIMES

The Aquatic Community Classification
System For Missouri briefly describes hydro-
logic regimes for the four faunal regions.
Stream flow within the Big River faunal region
is described as continuous strong flow with
one or more periods of sustained flooding
each year. The Missouri River division of the
Big River region is described as historically
having wide fluctuation in volume of flow.
Construction of six main-stream reservoirs
upstream of the state of Missouri have modi-
fied the natural flow regime. An extensive
system of rock dikes and revetments has in-
creased velocities in the main channel and
reduced backwater areas. The Lower Missis-
sippi River division of the Big River faunal
region is described as having volume of flow
more than double that of the Middle Mississip-
pi River division (due to contributions from
the Ohio River).

Stream flow within the Lowland faunal
region is described as having well-sustained
base flows due to the alluvial deposit aquifers
of the Missouri “Bootheel.” The “flowing
waters’ division generaly has permenant flow
with the larger rivers and drainage ditches
having considerable current, while some of the
smaller watercourses are without noticeable
current. Water bodies in the “standing water”
division typically have drastically fluctuating
water levels on a seasonal basis. Current only
occurs during floods.

StrREAMFLOW CLASSIFIED BY STREAM SIZE

Flow of the streams in the Ozark and
Prairie faunal regions is described in terms of
distance from the headwaters of the water-
course being described and stream order
(Strahler method). This perspective is the
criteria for the geographic distinction between
fish community zones described in these two
regions. The units of measure are miles-to-
headwater and stream order positive integers.

Fish and Wildlife

Both increase with a downstream progres-
sion. Using 7.5 or 15 minute topographic
maps, the upstream beginning of a water-
course is identified as the headwater of a
stream. At the headwater, a watercourse is
zero miles-to-headwater and has a stream
order of one. Moving downstream, the miles-
to-headwater is equal to the length of the
watercourse from the point of interest to the
headwater. Progressing downstream from the
headwater, the stream order would increase
one integer with each confluence between
two watercourses with equal orders, i.e., when
two watercourses intersect, each having a
stream order of one, the resulting downstream
watercourse stream order would be two. When
that watercourse confluences with another
watercourse of stream order two, the resulting
downstream watercourse stream order would
be three.

Based upon the number of miles-to-head-
water and stream order, four zones are recog-
nized in the Aquatic Community Classification
System For Missouri. The headwater zones
include watercourses with miles-to-headwater
of zero to six and stream orders I, 11, and I1I.
Creek zones include watercourses with miles-
to-headwater from seven to 31 and stream
order V or less as well as miles-to-headwater
less than seven with stream order 1V or V.
Small river zones include watercourses with
miles-to-headwater from 32 to 96 and stream
order VI or less, as well as miles-to-headwater
less than 31 with stream order VI. Large river
zones includes watercourses with miles-to-
headwater 97 or greater, as well as all reaches
with stream order VII or VIII.

The Ozark Faunal Region Headwater Zone
stream flow is described as usually reduced to
a series of isolated pools in late summer on
many Ozark headwaters while others may be
entirely dry for long stretches. Springs and
spring seeps are sometimes numerous but
usually small. Ozark Faunal Region Creek
Zone stream flow is frequently zero in late
summer, but permanent pools are maintained
by seepage through the bars that separate
them. Ozark Faunal Region Small River Zone
stream flow has large springs present along
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many streams of this Zone, and these have a
marked effect on the flow characteristics. Small
rivers generaly have permanent flow across
their riffles, even in the most severe droughts.

ThePrairie Faunal Region Headwater Zone
stream flow is described as subject to wide
fluctuationsin flow. By late summer, flow has
usually ceased. Larger pools generaly con-
tain water except in the severest droughts.
Prairie Faunal Region Creek Zone stream flow
is low or non-existent during dry periods of
late summer, but the pools are generally per-
manent. Prairie Faunal Region Small River
Zone stream flow generally maintains some
flow except in the most severe droughts.
Prairie Faunal Region Large River Zone stream
flow is permanent.

SpeciAL COMMUNITIES

Hydrologic regimes of “special communi-
ties’ in the Ozark and Prairie fauna regions,
including spring branches, overflow waters,
and sinkhole ponds, are also briefly described
in the Aquatic Communities Classification Sys-
tem for Missouri. In the Ozark Region, spring
branches are subject to wide fluctuations of
flow, but generally having better-sustained
flows than surface streams that are not spring-
fed. Overflow waters (abandoned stream chan-
nels) have no current except when adjacent
streams are flooding. Sinkhole ponds usually
do not intersect the water table, are relatively
shallow, and are subject to marked seasonal
fluctuations in depth.

For the Prairie Faunal Region, spring
branch descriptions are provided for freshwa-
ter as well as mineral spring branches. Fresh-
water springs are small and may cease to flow
in late summer. Most are directly connected to
sinkholes and other sources of surface water,
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and are subject to rapid and wide fluctuations
inflow. Minera springs generally have a small
but permanent flow. Overflow waters have
current absent except during floods. Sinkhole
ponds are relatively shallow and are subject to
drastic seasona fluctuations in depth, or dry
completely in late summer.

A summary of other regional physical
characteristics as well as characteristic fauna of
the Aquatic Communities Classification System
for Missouri is presented in Appendix 10.

For a look at specific watersheds, the
Missouri Department of Conservation has com-
pleted river basin fisheries management plans
for several watersheds in Missouri and hope to
complete plans for all Missouri watersheds by
the year 2000. Aquatic habitats and aguatic
fauna within the subject watershed are evalu-
ated. Channel characteristics and hydrology of
the major watercourses pertinent to habitat
concerns in the watershed are described.

ENDANGEREDAQUATICSPECIES

Endangered species are an immediate
concern in ecosystems experiencing loss of
critical habitat for endangered species. Lack of
attention to those areas in the near future could
cause extinction or extirpation (eradication) of
those species known to be endangered. A first
step toward protecting critical habitat is to be
aware of the species in an area that are threat-
ened, endangered, or no longer existing there.
Species with such status can be indicators that
the water-bodies within which those species
have become endangered are being adversely
impacted. Aquatic endangered or extirpat-
ed species in Missouri are listed in Appen-
dix 11 and highlighted in the Aquatic Com-
munities Classification System summarized
in Appendix 10.
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APPENDIX 1.

A e e o D gy e ey e = e T ey e S .,
ESTIMATING PERSONAL,HOUSEHOLD AND MUNICIPAL
WATERUSE
A e e oy O e e ey SO = e T ey e S = .

ESTIMATINGPERSONAL WATERUSE

Although estimating personal water use
is difficult to do precisely, one can estimate
the amount of water he or she uses on any
given day. When it comes to using water,
most of us are fairly predictable. We shower,
we do laundry, we cook our meals, all of
which use quantifiable amounts of water.
Keeping an eye on how we use water (and
how much of it each use requires) allows us
to estimate how much water we use. It aso
allows conservation-minded individuals to
look for ways to conserve water.

Most estimates of personal water con-
sumption utilize use one of two approaches.
The first method approximates personal wa-
ter use by summing the amounts of water used
in everyday activities. Although the actua

numbers provided may vary according to per-
sonal habits and plumbing fixtures, Table 1
below can be used to evaluate individual
water use.

The quantities of water needed for many
personal water use activities vary little from
person to person. This makes it possible to
estimate the amount of water the “average”
person uses. However, this method cannot
account for all personal water uses daily. The
amount of water needed for some uses, like
watering lawns and washing cars, can differ
greatly from person to person. Asaresult, this
approach tends to dlightly underestimate per-
sonal water use. On the other hand, it “per-
sonalizes’” water use very well, and allows
individuals to see for themselves how effec-
tive water conservation measures can be.

TaBLE 1
Average Personal Water Use Activities

Use Gallons Gallons per day Percent Daily
Toilet (per flush) 15-5 25 37
Faucets (per minute use) 3 15 21
Bath/Shower (per minute use) 5 15 22
Daily laundry (per load) 25 10 15
Cooking/Drinking 3 3 5

Table taken from USEPA Manual of Small Public Water Supply Systems, 1991
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The second method takes a more mathe-
matical approach towards evaluating personal
water use. Personal water use can be calculat-
ed by simply dividing the total distribution of
a water supply by the number of users. For
example, consider a hypothetical water sup-
ply which provides 84 million galons yearly
to 2,500 people. By dividing the 84 million
galons of water by 365 days, and again by the
population of 2,500, we can estimate personal
water use from this supply at approximately
92 gallons per person per day. Unlike the
previous approach, this method accounts for
al “persona” water uses. However, it also
includes transmission losses and public uses
(such as firefighting and park maintenance). It
also fails to exclude commercial and industrial
users who are tied in to the water supply. In
contrast to the first method, this approach
tends to overstate personal water use.

Because it is difficult to do with any
precision, estimates of personal water use
vary widely (Table 2). Since the two ap-
proaches discussed previously tend to either
over or underestimate personal water use, it is

logical to conclude that the amount of water
used in “real” personal use lies somewhere in
between. Given the nature of its approach, the
first method cannot include some kinds of
personal water use. Likewise, the second
method includes some “uses’ of water which
cannot be truly ascribed to personal use. The
“compromise” estimate of personal water use
found in most references today lies some-
where between 90 and 100 gallons per person

per day.

ESTIMATINGHOUSEHOLDWATERUSE

Household water use, in some instances,
is easier to evaluate. The simplest approach
involves the use of water meters. Many water
utilities use water meters to measure the
amount of water used by a household during
a given period. By simply subtracting the
meter reading at the beginning of the period
from the reading at the end, the household can
find out how much water it uses. While this
approach does not provide much information
about how water is used, it does give a very
accurate estimation of how much water is

TaBLE 2
Personal Water Use Estimates in Missouri

Data Source Water Use
(gallons/per son/day)

U.S. Geologica Survey, 1990 (Public Supply) 166
U.S. Geologica Survey, 1990 60
(Self-supplied Domestic)
MDNR, Public Drinking Water 239
Program (approximate)
MDNR, Division of Geology and 158
Land Survey (1978) *
U.S. Environmental Protection 176
Agency (nationwide estimate)

" Barbara Harris, Water in Missouri (Department of Natural Resources, Division of Geology and Land Survey, 1979)
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used. It aso dlows the effectiveness of water
conservation measures to be closely monitored.

Although less accurate, household water
use can also be estimated mathematically. By
dividing the total distribution of the local sup-
ply by the number of service connections
(rather than population served), household
water use can be roughly estimated. Water
utilities usually keep record of the number of
service connections to the water supply, as
well as the number of people served. In many
cases, the number of service connections to a
water supply roughly equates to the number of
households served. Consider the hypothetical
public water supply example used to demon-

Appendix 1

strate a mathematical estimation of personal
water use. By dividing the 84 million gallons
of water supplied yearly by 365 days, and
again by 900 service connections (rather than
by 2,500 people) we can estimate that the
“average” household uses 255 gallons of wa-
ter every day. Table 3 below uses this ap-
proach to estimate household water use for
selected municipal water supplies across the
state. As with calculations of personal water
use done by this method, this approach also
includes transmission losses, public uses, and
commercial/industrial users. For these rea-
sons, this approach may overstate household
water use.

TaBLE 3
Estimated Household Water Use in Selected Municipalities
Municipality Water Use (gpd) Municipality Water Use (gpd)

Sparta 252 Pevely 468
Hartville 354 Foristell 200
Charleston 637 Liberty 454
Cole Camp 190 New Franklin 214
Linn Creek 360 Union Star 161

Lamar 265
Poplar Bluff 284

Braymer 143
Mountain Grove 161

Savannah 220
Weaubl eau 203

Plattsburg 186
Windsor 292

Goodman 222
Branson 54 Ellsinore 153
Knob Noster 213 Fayette 404
Osceola 250 Atlanta 108
Hannibal 388 Laredo 130
Sarcoxie 250 Hunnewell 86
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Many homes do not receive water from
public water utilities, and do not measure
water use by metering. Adding up the personal
water use of all family members does not
accurately depict household water use be-
cause some activities (like cooking and laun-
dry) are often done collectively. In addition,
water-using activities like car washing and
lawn watering should be considered “house-
hold” water use, and must be factored into the
total household use. The amounts of water
used in these activities can be especially diffi-
cult to measure. Asa consequence, estimating
household water use can become difficult. In
these circumstances, the amount of water the
“typical” household uses can be estimated
through research. For example, researchers at
the U.S. Environmental Protection Agency es-
timate that the “average” American family of
four uses 300 gallons of water per day. This
value is fairly consistent with the estimated
average water use of 269 gallons per house-
hold per day taken from the above sample of
municipalities.

ESTIMATINGMUNICIPAL WATERUSE

Municipal water use estimates, as might
be expected, are much more complex than
estimates of persona or household water use.
They typicaly involve extensive research into
residential (household) water use patterns
and calculations of industrial and commercial
water use. In the past, estimations of munic-
ipal water use commonly used a “per capita’
approach, in which the daily quantity of water
used by the “average’ person was simply
multiplied by the municipal population. To-
day, this method is widely considered inade-
guate, because it is based solely upon service
area population. In an effort to improve accu-
racy, most current methods weigh the impacts
of many variables housing types, household
income, water prices, weather and seasonality,
and local industrial/commercial patterns, to
name just a few.

Evaluations of household water use are
fundamental to municipal water use estima-
tions. Because residential water use is central
to estimations of municipal water use, accuracy
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is important. The 1990 U.S. Census reports
25,841 households in the city of Columbia. If
we assume that each household uses 270 gal-
lons of water per day, we can further estimate
that 1990 residential water use in Columbiawas
approximately 2.55 billion gallons. Inthiscase,
a miscalculated “average” household water
use value would be multiplied by 25,841
homes, creating substantial error. Most cur-
rent municipal water use estimates attempt to
reduce error of this kind by disaggregating
(differentiated within their categories, or ex-
amined in a more detailed fashion) residential
water users. Rather than assuming that all
25,841 households use the same amount of
water every day, we instead assume that dif-
ferent kinds of households use different
amounts of water. We can assume that single-
family residences use a different amount of
water than multi-family ones, that high in-
come households use a different amount of
water than low income ones, and that high
density residential areas use different amounts
of water than low density areas. A disaggre-
gated approach allows us to depict residential
water use more accurately. It can also allow us
to forecast the effect changing socio-economic
conditions might have on local water use.
Municipal water use estimates also at-
tempt to characterize commercia and industri-
al water use patterns. Industrial water users use
water in many ways because most have fairly
specific needs. For instance, one user may
need large volumes of untreated water, while
another may require smaller amounts of espe-
cially pure water. Therefore, like residential
water use estimates, industrial/commercial
water use estimates are most accurate if they
are disaggregated (high quality water from
which steam is generated in thermoelectric
power production). This is typically done
through the use of Standard Industrial Classi-
fication (SIC) codes, which group together
industries having similar economic character-
istics. The SIC codes are useful because they
are very specific; for example, bookstores use
the SIC code 5942, and steel mills have an SIC
code of 3312. A 1986 publication of the U.S.
Bureau of the Census titled Water Use in



Manufacturing provides insight into the na-
ture of water use for a number of industries
nationwide. Prepared from a special survey of
respondents reporting an annual intake of
more than 20 million gallons of water during
the 1982 Census of Manufacturing, this re-
port permitted the disaggregation (differenti-
ation) of industries using significant amounts
of water. In other words, it enabled research-
ers to establish rates of water use for very
specific industries. Different industries use
different amounts of water. Based upon SIC
codes, water use researchers calculate “per
employee” industrial water use rates, and
apply them to municipal commercial and in-
dustrial establishments. This per employee
approach alows one to calculate total water
use for an industry by its size (number of
employees). Bookstores use amost 20 gal-
lons per employee per day; steel mills, on the
other hand, use approximately 537 gallons
every day per employee. Manufacturers of
household appliances use dlightly less than

Appendix 1

172 gallons of water per employee per day.
Water users in the printing and publishing
industry use only 37.9 gallons of water per
employee per day. By taking the number
employed in each industrial and commercial
category, and multiplying them by the catego-
ry’s estimated water use, we can estimate indus-
trial and commercia water use. Thisinformation
can be very useful for developing conservation
programs or evauating distribution systems. If
total water use is desired, the disaggregated
categories can be summed.

Total municipal water use can be estimat-
ed by adding residential, commercial and in-
dustrial water use together, and accounting for
transmission losses and public uses. Although
requiring some effort to establish, transmis-
sion losses can be reasonably estimated by
most public water suppliers. By the same
token, most suppliers will also have some
record of “public” uses (such as fire depart-
ment and park maintenance requirements).
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APPENDIX 2:
A e ey O S e = S . e ..

MI1SSOURI MAJORWATERUSERSDATABASE SUMMARY

A law passed in 1983 by the Missouri
General Assembly requires annual registra-
tion of the Missouri’s mgjor water users. A
“major water user” is defined as any person,
firm, corporation or governmental body or
agency having a water source and a pump
capable of producing 100,000 gallons of water
or more daily. Because there are no penalties
for non-registration, compliance with the law
is essentially voluntary and registration is in-
complete. As a result, the data presented in
this Appendix does not represent all major
water users in Missouri; neither does it depict
total water use in Missouri. However, the
Major Water Users Database is useful as a
rough indicator of water use patterns in
Missouri. Most of the maps depicting actual
water use in Missouri are constructed from this
data, as are many of the accompanying tables
and charts. The Mgor Water Users Databaseis
the original data source for most of Missouri’s
water use information, and serves as the basis
for this report.

Each year, major water users are sent
inventory forms which request information on
withdrawal quantities and locations. Appen-
dix 2 does not list individual reporting major
water users; instead, it summarizes reported
major water user withdrawals. For every
county in Missouri, the number of gallons of
water reported withdrawn is shown in each
category in the 1993 calendar year.

The Mgjor Water Users Database is based
upon eight pre-defined categories of use: do-
mestic, municipal, irrigation, recreation, indus-
trid, eectrical generation, fish and wildlife, and
drainage and dewatering. Water use categories
currently employed by the Department of Natu-
ral Resources are defined as follows:
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Domestic water use: Water used for
household purposes and subsistence, live-
stock watering, and irrigation of gardens and
orchards less than 2.5 acres in size.

Municipal water use: Water taken from
public supplies for public consumption, such
as community water systems and public water
supply districts).

Irrigation water use. Water needed to
supplement plant growth on lands greater than
or equal to 2.5 acres in size.

Recreational water use: Water used for
recreational purposes, such as swimming and
fishing. Water used for aesthetic purposes is
also included under the recreational water use
category.

Industrial water use: Water used to
produce marketable products in the course of
economic activity. Industrial water use covers
a broad range of activities, such as mining,
manufacturing and commercia poultry/live-
stock feedlot operations. Industrial water use
also includes uses (such as waste disposal and
hydrocarbon displacement) in which water is
injected back into the ground.

Electrical Generation water use: Wa-
ter used in producing electrical energy by
hydropower dams, thermal or nuclear power
generation, or pumped-storage operations.

Fish and Wildlife water use: Uses which
require water for the maintenance of fish and
wildlife habitat, as well as subsistence of fish
and wildlife populations. Water used for aquac-
ulture is also registered under this category.

Drainage, Dewatering and Effluent
Discharge water use: Evacuation of water
from mines and quarries, drainage of agricul-
tural areas, and waste disposal.
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Organized
NOTE: Waler use foals shown In gallons per year
Counly Domestic Munlcipal | [rrigation Recreation Industrial Elecirlcal Fish and Drainage and Total
Generatlon Wildiite Water Use
Adair O] 907,070000] 10,000,000 0 0 ol 1] 577,870,000
Andrew 5.600,150] _170.786,400] 16,000,000 0 0 0 301,386,550
Atchison 0| 50,763,000 88,000,000 0 = 0 0 147,769,000
Audrain 54000]  663,498,000] 1,418.108900]  9,840000] 89,766,000 0 9,843,000 0 2.191,109,900
Bany 245316,834] 390,334,500 0 O] 777.252.280 0| 4,380,000000]  10510250]  5.743,513.044
Barion 200,006,600] 233,170,900 534,562,000 D ) 0 0 0| 1,066,637 900|
Baies 10,412.700] 477 0 ) i 0 0 487,836,682
Berton 4,234.000] 175,845,000 :jﬂ 'E%% E.EB.SOOU = 558 504 400,000 0 0] 568.702.757.390]
Bolinger ; 1 0 0 927,428 500
Boone 338135073 5,108.500,006] 83,200,450 O 23850840 770,317,000 0 0 51504,108,009]
Buchanan 0] 6,004,841,028 0 0 0| 14.780,420,000 0 0 %
Buller 76,000,300 1,173,255,753| 54,866,032,470 0 0 0 158,133,000 0] 55
Caldwell M‘ﬁ?bg 114,886,100 - 0 0 0 [1] 0 0 111.&.@5&
704, 314,671023] 312,677,000 0 D] 7.802460000 [ 8,662,013
on 177 B52.400] 190,461,000 116,000,000 0 0| 58,867,000,000 0 O] 59.351.313,400]
Cape Girardeau 17,050,000 2,463,670,740 403,541,160 50,000 86,232,330 376,200 [1] 0 2,%
Carrol 0] 405,435,200 0 785,600 0 0 0 0 250,
0] 38,471,000 oog g g ja 0 0 38,471,000
Cass 0 630023218 08,470, 0 0 726,493,218
72679150 183,190,991 4 — 2026,000]  68.253600] 128,904,600,000 0 0] 129,325,849.750
Charilon 68,574,600 52.482100] 114,300,000 5,800,000 736,000 0 0 114,
Christian 25?,&54% —284.796,794| _ 20,000000]  1,022.300] 121235, 0 ] 343,
Clark 43,057 172,001,400 75,432,000 0 14, 0 0 0 181,
Clay 735,000,000 47,111 257,596 07,000,000 1@% 0 0 13.770352]  47,494,813,823|
Clinton 0] 431845433 0 1,650,000] 73,000,288 0 0 5,030,060 512,334,790
Cole 1141300047 841, 0 0] 66,540,000 0 O 2.178.781247
Cooper 553,319,300 0 0 0 0 0 563,319,300
Grawford D] 348,318,471 0 0 0 0] 108,000,000 0 456,310,471
Dade 00000 122,727,400] __B10,967149 586,000 0 0 0 0 943 996,895
0 0 0 0 0 0 0 0
0| 80,428,800 8 0 0 0 0 0 50,425,800,
D[ 39,394,000 0 0 0 0 0 39,394,000
0 0] 43824000 [ 0 0| 9,406,780,000 0] 9,450,604,000
% 0 0] 124,750,000 0 0 0 0 124,750,000
0] 7250376.400] 5,005,043.344 0 0 0| 10,868,000 ] 3 7,744
Frankin 2,850,000 _% 0 750,000) _ 51,0800840| 349,602,756,000 0 0] 351,514,108810]
Gasconade 0 4, 15,168,000 0 0 0 0 0 340,028,600 |
mxg—r%a%%'—s s ; : 0050 645,93
Greene 179, 750,262 34,815,700 0 937,900 0 10,
Grundy O] 750.000,000] 318,968,000 0 0 0 0 O] 1,068,068,000]
0 160,221,504 5,000,000 200,000 0 0] 3,000000 0 172,421,584
Henry 0| 535272,000) 174,066,000 1,309,200 0| 120,538500,000] 118,012,000 0| 130,367,159,200]
Hickory 5414 29,661,390 0] 2333800 0 0 0 40,536,785
i 102,996,780] __ 60,434,467] 20,800,000 0 0 0] 70,470,000 4708564 759,409811
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Major Water Users Regisiration Summary Table-

Organized by county
NOTE: Water use lotals shown in gallons per year
County Domestic Municlpal Irrigation Recreation Industrial Elecirical Fish and Dralnage and Total
Generation Wildiife Dewatering Water Use
[Foward 37,751,960 294993626 0 371,550 ] 0 0 0 333,116,536
{Howell 108,260,120] 902,367,200 0 400,000] 10,326,680 0 0 0 1,021,354,000
[Tron 11,021 640] 147,676,898 0 D[ 7,499,438,880 0 0] 2.739400000] 4308437418
Jackson 4,172.012000] 3,947 533,000 0 0| 2,660,778,000] _145,876,420,000 0] 3,000,000,000] 159.656.74
%5?« 3,842,164,050] _ 835,172,435|  021.974093 200,000 2,820,337 802 £12,500,000 0 2,000,000 8,034,348,780
oflerson 185.570,600] 2,083,5610.810 0 B[ 1.170,260.700] 283,150,000,000 0 0] 286,500,442.210)]
Johnson 307,011,264| 965,806,700 53,803,000 0 3,861,000 0 0 0 1,371,361,964
Kniox 4,120,560 49,837,800 0 0 125,300 0 0 7,481,540 55,565,200
Laclede 0] 871,335,030 0 0| 68, 0| 7,300,000 000 0 8,268, 135,684
[afayetie ) [ 543,079.360| 36,805,000 0] 44,156,085 0 0 0 913,508,000
Lawrence 133,207/ 31,811,200 139,100,000 21,023,818 75,063,200 0 0 0 1,001 %
Tewis 0| 202,769.300 0 0 0 0 0 0 20,7 |
ncoln 0| 491,258,100 12,800,000 0 0 0 0 0 0581
Lnn 186,359,000] 167,095,100 16,900,000 0| 66,112,900 0 0 0 477,367,000
Livingston 19,078,300 610,306,570 0 0 0 25,376,800| 1,175,040,000 0 1 1470|
mﬁ:dd 65,083,400] 561,272,300 50,000,000 0] 180,000,000 0 0 876,355,700
Macon 457,288 305 39,744,300 264,700 121,030,495 203,400 1] 0 613,622,200
Marles 1,641,600 27,300,400 0] 704,000,000 3,690,400 0 0 0 736,632,400
arion 533,617,700 416,067,746] 203,752,000 0 1,043,288,500 0 0 0  2.196.625048|
Mercer m_mg_ 56,615,000 g ] 0 S 0 0 0 gg_a_.&g%
or 000] 267,928,270 0 0] 5,541,200,755,000] 56,600, 0| 5,541,625,
Igﬂs;ssippi 183.300| 592,785,545 ©6,210,756,909 515,833 0 0 0 0 8,804,241,077|
Moniteau 70,383,514] 10,489,300 0 35,180 19,761,071 a a 0 101,560,065
hqum 0] 836,737,000 0 0 0 0 0 0 838,737,000
Monfj 0 76,086,680 0 0 0 ] 0 0 76,086 680
72,452,300 zs.azg.ggo 0 0] 22,894,800 0 0 0 123,668,
Madrid 95,750,000 171,842,031| 30,460,686,444 0| 251,368,155| 280,255,335,000 0 0] 311,234,781 ,630
Newion 3,000,000] 394,182,600  10,762.780]  2,500,000] 107,224,500 0 0 478,667 860
0] 482,862,086 5,000,000 0 0 0 0 0 488,862 206
Oregon 43500024] 531,541,088 0 604,292 8,460,088 0 1 0 584,114,493
Dsage 0] 171,313,500 0 0 0] 11,849 560,490 0 0] 12,000,873990
Ozark 0| 1,339,732 858 60,480,000 10,000 0 0 1] 0 1,400,222 956
Pemiscol 7000000 712.148,041| 5.148.477 246 0] 50,000,000 0| 436,000,000 0] 6,357 625567
Yy 175,000] 527,532,060 0 0] 2,375,670 0 0 0 530,082,730
Pettis 0 85,233,390 0 0 66,800,000 0 0 152,033,390
Phalps 53,773,520 901,955,400 0 2,020,000 0 2,605 938 000 0 3 553 686 820
Pike 156,432.000] _ 280.682,000] 54,600,000 0| 1,570.872000 463,562,000 0] 175.200,000] 3.100,448,000]
Plarie 0] 755221400 0] 14,240,000 7424000 130,093,177,700 ] 0| 131,770,063,100
Polk 0| 433,149,854 40,099,456 25,000 0 0 0 473,274,310
Pulask 1,370,663,000] 621,784,614 5,000,000 5,326,000] 60,000,000 0 0 0 2071,793614
Pinam o[ 129,818,000 0 0 0 o 0 129,618,000
Falls 0 0 35,218, 0] 94,000,000 0 0 0 129,218,000
Randolph 0] 493,417,900 0 0 0| 239,670,480,000 0 0] 240,163,891,900
Fay D] 737,889,500 0 0 0 0 0 0 737,889,500
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Major Water Users Registration Summary Table-

Organized by county
NOTE: Water use totals shown in gallons per year
County Domestic Municlpal Recreation Industrial Electrical Fish and Drainage and Total
Generatlon Wildlite Dewatering Water Use
Reynolds 102,936,750 7,202,260 —_ 500,000 7,000,000 913,230,000 0] 7,113600,000 8,144, 469,010
Fipley 0] 119,700,000 0 0 0 0 0] 6579733768,
1. Charles 0| 5,656,141,853 0| 422387950 181,084,410,000 0 0 187_,351,@1J,W
St Clair 0 71,652,200 188,000 0 0 71,840,200
e, Genevieve 130,359,454 166,337,375 966,200 109,159,281 0 0 0 408,822 400
1. Francois 48,898,1 673,006,553 0| 649,840, 1] 0 13,801 500 1,385,696,153
1. Louis — 0| 54,067,104,568 0| 4,181,148,000| 110,579,000,000 0 0| 168,827,252,568
ne 0] 1,277,098,900 0 0 0 0 0 1,277,098 800
Schuyler 14,6310 49,605,757 0 2,322,389 0 0 2,786,868 69,346,067
Scotland 0 122,381,853 0 0 0 0 0 129,716,853
T 5642384] 1,415782.900] 000000 9,085,500 300,062800] 7,000,000 0| 6,538,160,687)
Shannon 0 111,510,879 0 0 0 0 0 111,510,879
helby 0 87,735,800 0 0 0 0 0 87,735,800
oddard 338,132,750 365,303,200 1,000,000] 414,347,000 0 0 0| 28679055252
ne 41,500000| 287,693,700 0 0 0 1] 0 331,804,500 |
Sullivan 0| 283,457,000 0 0 0 — 0 0 283,457 000
Taney 235,702,792| 2,515,083,255 0 3,200,000 0| 6,125,615,000 0 5,894,581 047 ]
Texas 36,000 434524498 0] 206,829,750 0 0 0 856,224 248 |
Vemon 1,130,000 796,558,701 0 0 0 3,150,000 0 962,978,701
Warren 0 599, 0| 147,854,300 0 ] 0 00
ashington 17,520,000] 220,143,900 0| 2.422054,000 0 0] 176310000]  2:836,027,900]
Wayne 365,000| 193,091,520 0 8,745, 0| 1,490,000,000 0 1,%,2%%
ebstar 0 ,169, 258,584,000 0 0 0 0 753,
Worh 0 10,447,140 214,000 0 0 0 0 10,661,140
Wright 0 328,699,700 800,000 11,042,000 0 0 0 340,741,700
! City 791,685 53,047,000,000 0| 278816, 0 0 0| 54,026407,715

L6
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Water Use of Missouri

APPENDIX 3
A e P g e e O ey S =y = S o .
USGSNATIONAL WATER-USEINFORMATIONPROGRAM
SUMMARY
N = e = T = T =

Since 1950, the U.S. Geological Survey
(USGS) has collected and compiled water use
datafor the entire United States. Prior to 1979,
water use information compilations were large-
ly unfunded efforts of variable accuracy. In
1979, the National Water-Use Information Pro-
gram was established to “provide more uni-
form, current and reliable information on water
use.” Every five years, the USGS publishes
water use estimates for the United States. The
most current circular istitled Estimated Use of
Water in the United Sates in 1990.

Most of the water use data compiled
through the National Water-Use Information
Program originates with state agencies. In
Missouri, the original data source for most
water use information isthe Major Water Users
Database maintained by the Department of
Natural Resources. The USGS adjuststhis data
to conform to the National Water-Use Informa-
tion Program categories. Where data is un-
available for a specific category, the USGS
estimates water use information through pre-
established techniques. For example, the
Missouri Major Water Users Database does not
collect livestock water use data. To remain
consistent with data collection efforts in other
states, the USGS estimates livestock water use
in Missouri using a method similar to the one
described in this report.

Water use information for all categories
shown in the 1990 USGS circular is summa-
rized by state and by two-digit hydrologic unit.
However, the basic geographic units of the
water use data collected by the USGS are
counties and eight-digit hydrologic units. For
each state, counties are aggregated to estimate
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statewide water use in each county. Similarly,
water use estimates for each eight-digit hydro-
logic unit are aggregated into two-, four-, and
six-digit hydrologic unit summaries. Although
the Major Water Users Database serves as the
basis for this report, USGS estimates of state-
wide water use for selected categories are aso
provided. In Appendix 3, USGS water use data
estimates for eight-digit hydrologic units are
shown (see also Appendix 4). Table 1 shows
this information sorted by hydrologic unit
number; Table 2 shows it sorted by hydrologic
unit name.

Asisthe Missouri Mgor Water Users Data
base, the USGS Nationa Water-Use Information
Program is based upon severa pre-defined cat-
egories of use. Appendices 3, Table 1 and Table
2 tabulate water use in nine categories.

Public water supply: Includes water
withdrawn by public and private water suppli-
ers, who provide water for various uses (such
as domestic, commercial and industrial). To
be included under this definition, suppliers
must provide water to at least 25 persons, or
have at least 15 hookups.

Commercial water use: Water used by
commercial facilities such as hotels, restau-
rants, office buildings, government and mili-
tary facilities, and retail sales stores. Commer-
cial water use may be either self-supplied or
delivered by public water suppliers.

Domestic water use: Includes water
used for household purposes such as drink-
ing, cooking, bathing, clothes washing, and
watering lawns. Domestic water use may be
either self-supplied or delivered from public
supplies.



Industrial water use: Water used for
industrial purposes such as fabrication, pro-
cessing, washing and cooling, and includes
such industries as steel, chemica and allied
products, paper and allied products, mining
and petroleum refining. As with commercial
and domestic use categories, industrial water
use may be self-supplied or taken from public
water supplies.

Thermoelectric water use: Water use
associated with thermoelectric energy produc-
tion. Thermoelectric water use is divided into
two sub-categories. fossil fuel power produc-
tion water use and nuclear power production
water use. The fossil fuel power production
sub-category includes water used in the pro-
duction of electric power generated through
the consumption of coal, oil and natural gas.
The nuclear power production sub-category in-
cludes water used in the production of eectrical
power generated by nuclear fisson. Water use
in the thermoelectric water use category may be
either sdlf-supplied or publicly supplied.

Appendix 3

Mining water use: Includes water with-
drawn for the extraction of minerals. solids
(such as coal and ores), liquids (such as crude
petroleum), and natural gases. While this
category includes quarrying, dewatering and
other activities associated with mining, it does
not include the processing of raw materials.

Livestock water use: Water associated
with the production of red meat, poultry, eggs,
milk and wool. Not included are rural subsis-
tence water use, irrigation water use, or other
on-farm water uses. A sub-category of live-
stock water use, animal specialties, includes
water use associated with the production of
fur-bearing animals, horses, and aguaculture.

Irrigation water use: Water artificially
applied on lands to assist in the growth of
crops or pasture, or to maintain vegetative
growth in recreational lands such as parks
and golf courses.

Hydroelectric water use: Water used in
power plants in which turbine generators are
driven by the force of falling water.
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Taprre 1

wsu USGS Natlonal Water-Usa | y Table-
i by hydrologic unit t
NOTE Water use totals shown In gallons per year
Hydrologic | Hydrologle Unit I Public l Commercial l Domestic | Industrial Thermoeleciric Wining l LT h | Irrigati Hydroelectric Tolal
| Unit Name Supply Power Power | Water Use '
Des Molnes Aiver 580 | 18,250,000 &% ] (] O] 76,650,000 10; [1] 116
aconda Rivers T3540] 294,700,000 T02.2001 T8250,000 0 0] 708,050,000 73] 0 T so00m0]
11 orth Fablis Avar X 313,300,000 [ O] 270,100,000 13% 0 777,450,000 |
0711 South Fabius River 485,450,000 3,650,000 361,350,000 0 0] 219,000,000 69,3500 ] 1,153,400,000 |
North River and Main Stem
07110004 Ls::' River to Missourt 1,025,650,000 240,800,000 | 1,197,200,000 0 0| 390550000 164,250,000 0|  3,095200,000
07110005 River (Norih Fo 667,95 18250,000] 116,800 1] 0] 350400000] 102,200,000 ] 255,600,000
or (Sou 48,040 m. E@ i 153300000 0 405150000 1687 0 775,700,000 |
07110007 er —':_!%?‘11 441650000 36,500,000 65700,000] 453,550,000 0] 266,450,000 757,419,900,000 71,700,000
11 Culvre Aiver [} 1518 400,000 mwm 0 0] 405 150,000 0 .Bm
07110002  |Dardenne/Peruqua Creeks 3,758,500,000 489,100,000  218,000,000| 154,880,450,000 0 18,250,000 146,000,000 0| 159,913,.800,000
Upper Mississippl River
07140101  |(St, Louls to Ste. 69,076,250,000 686,200,000 | 3,808,950,000| 391,393,150,000 7,300,000 102,200,000 47,450,000 0| 465,345800,000
Genavieve)
eramec I*Fm 1 E | 328500,000 | 719,050,000 | 4,025,850, 1] 538,750,000| 328,500,000 74 0] 24,378,350,000 |
X T 095,000,000 | 149,650,000 474,500,000 —n% [} 0] 215,350,000 14 0 1,874 650,000 |
o 773,500,000 | _233.600,000] _B03.500,000| 3, : ] 379800,000] 131,400,000 0] 5828400000
Upper Mississippl River
07140105  |[Ste. Genevieve to Ohlo 1,664,400,000 310,250,000 32,850,000 0 o| 321,200,000 857,000,000 0| 3084250000
River)
07140107 |Headwater Diversy 35,300 1,660,/50,000 | 135,050,000 430,700,000 40,150,000 0 0| 284,700,000 1,232 700,000 0 3,8473,450,000 |
08010100 |Lower Mississippl Aiver . 343,100,000 ! 14,600,000 51,100,000 0 0 o| 2102400000 0| 2518500000
drid Floodwa 5 TA78 15 52,050,000 | 386,049 550,000 [1] 47 450000 | 5,748.750,000 0| _394,159,850,000 |
TS Francis Aiver | 42500 4‘!1‘%4 738,700,000 434,350,000 | 835,850,000 O TSSO 3450000 740950000 0] 4.752,300,000
Tower 5. Franck River : §08,950,000 109, 156,950,000 0 0] 29.200,000 17,151,350,000 78.396,000,000
3,805.500,000 357,700,000 | 485,450,000 1,485,550,000 0]  135,050,000| 97,032,900,000 43,537,200,000 |
@ Alvar 40,150, 10,650,000 0 (] 0 3650000 1 2,047 550,000
Missouri River (lowa to
1020001 |0 o) 7,300,000 0 0 0 0 3,650,000 80,300,000 0 91,250,000
Missour River
10240004 | otna River) 32,850,000 3,650,000 7,300,000 0 0 10,950,000 262,800,000 0 317,550,000
102400ps  [Hfissour fver (Halt and 308,600,000 80300000 58400000 0 0| 175200000 2.209,500000 0| 2945550000
1 way River 386,900,000 81,250,000 3,650,000 0 0] 272650000 135,050,000 0 868,700,000 |
Missouri River (Andrew,
Buchanan and Platte 4,263,200,000 388,650,000| 390,550,000 138,298,500,000 3650,000| 109,500,000 102,200,000 0| 143,656,700,000
var 60000 4,777,850,000 726,350,000 | _1,157,050,000 [} 0] 459300000 193,450,000 ] 7558150000 |
famaityy  [SON TG STV 664,300,000 85,700,000 0 0 0| 156950000 102,200,000 0| 1011050000
JLE i |7 298.400000 %, 1300000 o550 T S0
10280101 [Upo 56350  1,2094 ] 71,900, 7, 0 0 75 55 O] 27410
Ji pson Flver 795,700,000 | 150, T 570,900,000 0] 313900000 738.700.000 0| 2273.850,000
; 1,335,800,000 324,850,000 48,500,000 0 0| 689,850,000 240,900,000 o| 2744800000
——— =] ] 0] 153,300,000 X 0 352,500,000 |
% i 0 0 m‘m’m‘% O] 1.157,050,000
78,150 511,000,000 | 767,001,150000| 3850000 193,450,000 36,500,000 757.513.650,000 |
10,850 500,050,000 0 0 0 D) 21 ggl% [ 657,000,000
— 1220 219,000,000 [} 375,350 ;
470 631.450,000 [ 9000000 7,525.700,000 334,400,000
524,150,000 | 55,700,000 — 783780 000 | TZZ0 25 062,250,000
§3.720]  6,424,000,000 828,550,000 1 ,?;:a;s %%% 233,747,100,000 | 10,813,500,000 |
p [ 1,105,950,000 470, 550, 0| 2273950000
o hammﬁm,— 5,179,350,000 104,846,250,000 | 3650, 509,550,000 751,800,000 0] 112,142,600,000
10290109 g::‘gw River [Lake of ha 682,550,000 1100, 624,150,000 32,850,000 0 0| 332,150,000 40,150,000 1,487,484,500,000 1,908,850,000
"me 7 517,000,000 | 75 Y] 14,600,000 [} 0 ] 43800000 56,867,200,000 527,000,000 |
10830711 [Lowes Geags Fvr g 30 —éﬁ% gs% 350,400,000 __65.700,000 0 0 418,75 18,250,000 0 222,850,000
0280201 1Uppnr Gasconade Aver | sﬁ.gﬁi 003,850, 748.650,000| 436,000,000 131,400, i 0| 624,150,000 351,350,000 0 708,400,000 |
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1990 USGS Natlonal Water-Use Information Program Summary Table-

Organized by hydrologic unit number

NOTE: Water use totals shown In gallons per year

Toglc Unlt | ~Total Public l Commercial l Domestlc [ m—rmmmme I Wining | Uvestock l Trrigation I Hydroelectric Total
Unit Name Peopuistion Supply Power Pawer ] Water Use I
1] [1] 17,
S0 — a3 50000 &7 satono|—7ea egoaal— 2¢as0000 : : —r i
815260| 38043950000 824900000| 2449.150000| 4639150000 132407400000  182s0000| 759200000, 335,800,000 0| 179.477,800,000
Chadte 243230 8843950000| 233500000| 671800000| 142350000 15957800000 o| 12008s0000| 810300000 o| 27860450000
000103 Lami 47, 1 [] 4 47 0
1000a0p (RSN Fiver e 405250 32:660.200,000 of 381350000 372300000 0| 426.940500,000
190000n [P Fiver (iboe Tatke 15000 401500000 o] 116200000 [3 o]  es77s0000
TR 5] 42040005 Y ) 8] 79128350000
19010009  [e Rver faskow Table 35%0|  1,054850000 0| 284200000 73000000 1818605000000|  2.338,000000
OTO00% | Whie Fiver (Norh For T ES000 0] 437050000
11 l‘l“l _—v =¥ 9 S (N
BTOR Tourche Creek ] 73 200,000 (1] M 7 350,000
11010010 __4 s 21120|  295550,000 o 149650,000 3,850,000 0 638,750,000
LR 12540 357,700,000 | 0] 262800000 K] o 1
T o = =
11070207  [oPeing Shver (Adansas 169700| ©573850000( 408,300,000 1029300000 3.474,800,000 627,800,000 o| ss2300000 4730400000 o 17.408850000
570208 __|EK R 21700 T047SS0000| 127750000| 348750000 0 0] 255550000 87,500,000 O] 2195350000
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1990 USGS National Water-Use Inf tion Program St y Table-
Organized by hydrologic unt name
NOTE: Water use totals shown in gallons per year
“_— 1 —“,'.- T
Pn_' Power |
0 DOY [1]
| 500,000 ]
EE D e 7
ML v
154,880,450,000 0 18,250,000 146,000,000 0
131
1 TI:'TP-.' h 1
1 il
& [1]
37 .03 X [']
[] 8,250, 00K 0
] 0
0 o
3630 0 102, 0 2,518 500,000
0 0 2,
g ; 0] 78,508,000,000
10,950 500,050,000 3,650,000 38,500,000 0 ] 0 857,000,000
15470 631,450,000 | 10,950,000 7,300,000 [1] [1] 0 2,304,400,000 |
25500 1,335,900,000 | 116,800,000 324,850,000 36,500,000 0 L] 2,744,800,000
05,700 | 18.290,150,000 | | 719,050,000 | 4,025,850,000 [} O] 24,378,350,000 |
114,160 | 4,263,200000| 120,450,000 360,650,000 390,550,000 138,298,500,000 0| 143,656,700,000
815260 | 38043950000 824900000 2449150000| 4639150000 132407400000 18,250,000 759,200,000 335,800,000 0| 179,477,800,000
408250| 32560200000 383250000 824900,000| 2283000000 390,075.500,000 0 361,350,000 372,300,000 D} 426,940,500,000
50,300,000 58,400,000 0 o 175,200,000 2299500000 0 2.945,550,000
0 o 0 ] 3,850,000 80,300,000 0 91,250,000
671,600,000 142,350,000 15,957 800,000 0] 1,200850,000 810,300,000 0 27 880 450,000
3,650,000 7,300,000 0 o 10,950,000 282 800,000 0 317 550,000
3 a7 | 5.748,750,000 0 %
= R
3 u 2 135, ]
240,800,000 | 1,197,200,000 0 0 390,550,000 164,250,000 0 3,085,200 000
65,700,000 ] 0 0 156,950,000 102,200,000 0 1,011,050,000
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1990 USGS National Water-Use Information Program Summary Table-
Organized by hydrologic unt name
NOTE: Water use ictals shown in galions per year

mﬁ:lwmlmu]m WIW Toul

Population Supply Water Use
[ B5.T00000] 197,100,000 TM [ 2062250000 ]
10?.100.000 624150000 32,850,000 1,808,950,000
e T
mﬁwg 71,700,000

= :
3,474,800,000 17,406 850,000
10,950,000 638,750,000
[]

| 3/550,000 %
131,400,000 3,708,400,000
21500000 2741150000 |
07140105 :an Genevieve 1o Ohio 84,480| 1864400000 ©8550000) 310250000| 32850000 3084250000
tmmm |¢su Louls 1o Ste 1,000,160| 89078250000 226300000  §85200,000| 3,806950000| 391,393.150,000 7.300000  102.200,000 47,450,000 0| 465345800000
B France Aver A0E00] 974550000 198,700,000 434,350,000 | 0 nm"‘rmm""nu‘m 0 4,750,300,000
11010001 {above Tabie 15000(  401500000| 54750000 94800000 189,800,000 [ 0| 118,800,000 0 0 857,750,000
11010003 or (oelow Table 98570| 1054850000 193450000 5609400000 51,100,000 0 0|  394.200,000 73000000 1816605000000  2,336,000,000
936057 B50000 | T2A 00000 TeERS0000 ] T4,800000 5 5 55350000 5 TAOT 80000
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Water Use of Missouri

APPENDIX 4

Bt

EIGHT-DIGIT HYDROLOGIC UNITS OF MISSOURI

- i C}
Source: Hydrologic Unit Map, State of Missouri, USGS, 1974.
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Long Term Average Discharges for Stream Gages in Missourl (cubic fee! per second)
Organized

APPENDIX 5
LONG TERM AVERAGE DISCHARGES FOR STREAM GAGES IN MISSOURI

TaBie 1

"N/A” indicates no data avalable
alphabetically by station name (USGS data distributed by Hydrosphere, Inc)
I_E-. Swtlon Start End IMTW F‘I"k Jan, | Feb. ] War, | Apr. | Wey | Jun. | Jul | Aug. | Sept | Annual
ml Hame 'f‘ﬂl'fﬂ‘ Years | Area(sq. ml) Unit Mi_-lhl- lﬂi-l‘_!&lm Mlm‘hilMIMIMIM|MLl
07085500 |Alley Spring At Mo 1929 1980 27 0| 11010008 92 108 122 138 148 175 200 183 141 114 97 93 134
: Creek Near
07035500 [Fredercktown, Missour 1956 1976 21 4 8020202 1 5 -] 5 ] ] 11 8 3 1 2 2 5
05502000 |Bear Creek At Hannlbal, Mo. 1939 1883 49 <1 7110004 11 15 15 13 EQ 32 33 29 24 24 16 14 21
Beaver Creek Near Rolla,
08931000 _|Mo 1848 1955 8 14| 10290203 15 7 8 20 21 25 15 18 17 3 4 13
Bealer Branch Near Cabool =
06928700 Mo 1968 1977 10 8| 10280202 3 10 11 9 7 12 16 7 4 0.87 1 3 7
Behmke Branch Near Rolla
07012000 Mo 1948 1959 12 1 7140102 0.69 0.33 0.49 0.87 1 2 1 2 0.99 0.79 0.35 0.24 0.89
'8 w.ﬂlw
08923500 |Spring 1829 1993 40 100 10290110 132 153 170 168 185 223 247 240 191 144 126 127 175
Big Butfalo Cresk Near
08922800 |Ste 0 1965 1877 13 24| 10290109 20 18 18 18 18 28 39 34 25 13 8 19 21
07037000 |Big Creek At Des Arc, Mo. 1987 1993 7 100 8020202 41 173 244 222 160 208 282 164 83 ] 24 41 138
Big Creek Near Blairsiown,
06921720 | Mo 1860 1975 18 414| 10200108] 203 215| 220 207| 431 ss7| 408] 579 167 85| a3s1| 318
07084500 |Bia Creek Near Yukon, Mo 1949 1978 28 8| 11010008 4 8 9 9 10 16 20 12 4 4 1 3 8
06927200 _[Big Hollow Near Fulton Mo 1957 1972 18 4| 10300102 2 1 1 2 3 4 [ 4 4 2| o067 3
Piney River Nr Big Piney,
08930000 m = 1822 1893 87 560| 10290202 267 454 453 558 837 839 978 906 624 305 244 258 542
07018500 _|Big River Al Byrnesvill 1922 1993 72 917| 7140104 33| 68| 904 916 1103| 1440 1627 1378) 806 502 207| 368 859
07017200 |Big River Al Irondale, Mo 1965 1993 2 175 7140104 66 222 298 210 256 325 342 21 112 52 62 Al 184
Big River Near Desoto,
07018000 issourl 1949 1983 35 718 7140104 252 448 ™ 875 880 1210 1254 998 489 438 254 261 651
Big River Near Richwoods
07018100 lo 1983 1983 1 735 7140104 370 1232 1309 874 11368 1281 1157 987 731 12 308 597 855
Big Spring Near Van Buren
07067500 |Mo 1922 1993 72 100 11010008 343 384 413 441 483 521 577 558 483 412 75 9 443
07062500 |Black River Al L eaper, Mo 1921 1993 e 867| 11010007 470 681 1009 1155 121 1492 1694 1480 1091 558 484 445 974
Biack River Al Poplar Biuff,
07063000 Mo 1937 1993 55 1245) 11010007 630 287 1407 1850 1690 2080 2288 1977 1297 790 841 604 1330 |
Black Rrver Near Near
07081500 [Annapolls, Mo 1939 1983 55 484| 11010007 268 6815 698 810 730 985 1152 BB1 516 289 208 230 554
Blackwater River At Blue
06908000 |Lick, Missour 1822 1893 68 1120 10300104 ﬂ 600 454 468 669 1052 1374 1088 1211 830 284 614 785 |
Blackwater River Al Valley
08207700 Mo 1859 1873 15 547 10300104 300 210 178 274 269 594 284 599 782 557 125 549 451
Blue River At Coal Mine Rd
06893568 |At Kansas City, Mo 1981 1882 2 230| 10300101) s7efwA (WA (WA INA MR INA INA WA 1131 [NA_ INIA 854
Blue River Near Kansas Chy,
08833500 |Mo. 1839 1933 55 188 10300101 12_§ o7 93 98 121 193 284 238 272 174 80 171 160
Blue River Nr Gr Bivd
06893520 |At Kansas Ci ﬁw 1981 1982 2 198| 10300101 | 1210 |N/A NIA NIA N/A N/A N/A NA NIA 1202 |N/A N/A 1280
Blue Spring Near Eminence,
07066550 Mo, = 1970 1971 2 0| 11010008 138 129 92| 145 189 131 101 112 88 75 74 83| 108
Bourbause River At Unlon,
'gmesw Mo . 1921 1993 73 808| 7140103 37 508 875 625 771 112i] 1237] 1100 843 7 192] 269 664
Bourbeuse River Near
ror0000. gt T e o] s 17 608| 7140103 3198| 3s41| 200s| 3e16| 4047| 308s| aapi| assa| a031| 32e0| o3| mes7| 3740
Bourbeuse River Nr High
07015720 _|Gate Mo 1965 1993 29 135 7140103 50 156 214 136 179 230 232 165 103 38 34 57 132
Bourbeuse River Nr St.
07015000 |James Mo 1948 1982 as 21| 7140103 a 10 14 17 22 33 268 30 15 9 3 5 18
07033800 CNe Mo. 1965 1966 2 2 8020202 0 |NA 0.28 1 3 1 7 3 0.05 |N/A 011 05 1
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Long Term Average Discharges lor Stream Gages In Missour| (cublc feet per second) “N/A” indicates no data available
Organized alphabetically by siation name {USGS data distributed by Hydrosphere, Inc.)
l—E.EI Station ﬁn[mlwdlmlw‘mlﬂu Dec. | Jan. | Feb. | War. | Apr. Wlmlulm.lsm‘kuul
Numbar Year Year Years | Area (sq. mi) Unit W%iﬁlﬂl&tlﬂlﬁlﬂm%mhm
1971 1979 9 15| 10300101 8 4 4 3 4 13 7 10 11 7 [:] 23 8
1974 1975 2 15| 10300101 lm 0.21 [ 5 2 2 3 |NIA 3 3 INA NA 2
1961 1975 15 1] 10200108| 089 09| 093 1| 093 2 2 2 1| 052| o059 1 1
1945 1985 41 570| 11010008| 240| 421 541| 610 631 841| 90| B8eo| s28| ae2| 234| 227| 630/
1860 1973 14 0.331| 10300102 0.18 0.07 0.058 0.08 0.12 0.24 0.38 0.21 0.18 0.13 0.03 0.2 0.15
1965 1972 8 18| 7110004 16 5 10 9 10 9 21 14 16 12 8 1 12
1979 1982 4 12 7140105 4 35 56 55 57 72 12 57 8 26 9 3 41
1979 1982 4 12 7140105 0.73 14 13 24 2 n 25 21 7 10 3 0.73 15
1946 1982 w 175 8020204 32 111 175 281 284 372 301 240 102 -] 38 48 171
1820 1891 72 423 7140107 181 397 588 725 708 1034 1028 787 432 167 108 118 _gp_'
1964 1991 18 45| 10300102 2 13 29 35 M 62 58 84 50 28 18 22 36
1823 1923 49 420| 10290108 179 338 304 265 354 584 512 455 353 253 -] 197 325 |
(Center Creek Near
07188400 Mo _!_E_‘z 1991 30 233' 11070207 113 258 223 181 218 354 333 a2 230 122 83 104 205
06305000 Imer, Mo. 1922 1930 8 1660| 10280202 | 1385| 1209 577 323] 1157] 1477| 2263 608 1748 770 329| 13s4] 1108
Charhon River Al Livonia,
06904050 Mo, 1874 1983 20 B64| 10280201 439 500 678 389 563 918 814 Bi5 B21 1112 861 801 704
Charlion River At Novinger
Mo 1831 1993 81 1370| 10280202 514 585 557 524 802 1459 1430 1240 1448 954 550 556 B84
Charfion River Near Pralrie
1929 1993 B85 1870 10280202 734 832 763 742 1114 1945| 2108 1862 2018 1449 700 769 1254 |
Spring At
M':d 9 1968 1967 2 0| 10290108 2 2 2 3 3 3 3 3 3 2 2 2
Creek Near Piedmont
1957 1976 20 4 8020202 0.82 4 4 5 5 ] 10 7 2 2 0.99 2 4
Coldwater Cr Al 87, Nr
s, Mo i 1961 1965 4 44| 10300200 28 32 30 25 32 66 53 87 52 39 32 29 42
Crooked Creek Near Paris
o 1980 1983 14 80 7110005 a2 77 72 24 71 87 89 100 87 9 30 56 65
Richmond 1848 1970 2 158| 10300101 5 58 20 48 9% 124 149 19 184 179 45 103 99
05514500 |Cuivre River Near Troy, Mo 1922 1993 67 903| 7110008 432 509 538 497 842| 1020| 1185 973 638 580 290 503 671
05514500 Troy, Mo 1991 1993 2 903 7110008 9 984 B42 1152 454 1382 1840 911 an 2991 661 4570 1349
ICurrent At
g1 1921 1983 73 2033| 11010008 1621 2313] 2m9| 2803 3087 3810| 4605( 4102 2972 1988 1677 1578| 2772
River At Van Buren, —
- 1921 1933 73 1667 | 11010008 1072 16855 1924 2014 2218) 2780| 23397] 3023| 2113 1312 1089 1026 1963
:,“' 1921 1978 58 1272] 11010008 803| 1160| 1235| 1477 1632| 2053| 2563| 2332| 1672| 975| B809| 751| 1451
o | i 1978 1982 4 [NA 7110009 8 35 11 20 114 72 144 73 3 135 18 25 568
Cr At Big Bend, I
AN oo 4t 1079|1982 4 ar| 7wa0m01| 9] 78| 30| 10| 43| 47| 04| 7| e 3| as| 28] s
Deer Cr At Warson Rd, |
] ! 1970 1981 5 [N/A 7140104 5 8 5 4 15 11 10 18 15 18 10 4 10
Molnes River At St.
(05490600 Pmlc,m. 1978 1988 9 14300 7100009 s499| 8117| 7144| 6118| 10900| 17000| 17800| 15900| 17700| 18200| 11000| 6456 12200
Dousinbury Cr On Jj Near
06323150 all Streat, Mo g 1983 1993 1 36| 10290110 (NA |N/A NA N/A N/A NA a7 36 52 T 3 305 74
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Long Term Average Discharges for Stream Gages In Missourl {cuble feel per second)

Crganized alphabetically by station name

“N/A" indicates no data avallable
(USGS data distributed by Hydrosphere, Inc.)

on I Station \ it mbr.of | Drainage | Hydrologic | Oct. | Nov, | Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun, | Jul. | Aug. | Sept |Annual
Number Name Year Year Years | Area (sq. ml) Unkit Avg, | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg.
Dry Branch Near Bonne
07017500 _|Terre, Missouri 1856 1978 21 3| 7140104 0.41 2 3 3 4 B 8 5 2 0.79 0.49 0.84 3
East Fork Big Creek Near
06697000 |B¢1han! Mo 1934 1972 39 95| 10280101 _25 25 14 24 60 83 69 74 114 32 17 37 48
East Fork Black River At
07061300 || esterville, Mo 1960 1991 32 95| 11010007 34 165 196 108 168 238 234 154 72 19 29 ke 120
East Fork Little Blue Rivar Nr
I 0, 1975 1983 19 34| 10300101 24 18 17 13 18 3 47 22_ 44 21 22 25 28
East Fork Little Chariton R
M 1983 1993 AN 220| 10280203 120 132 137 131 150 2668 335 253 211 209 84 150 182
East Fork Little Chariton R
06908200 |Nr Macon Mo 1971 1993 23 112] 10280203 67 73 100 B7 82 150 189 173 97 104 69 82 103
Eleven Point River Near
07071600 |Bardley, Mo 1922 1893 72 703 11010011 417 566 716 802 B840 1058 1318 1155 897 811 487 431 774
Eleven Point River Near
07070500 Mo 1951 1977 27 361| 11010011 28 85 90 88 113 164 243 193 93 57 29 25 100
Elk Fork Salt River Near
Madison, A 1969 1993 25 200 7110008 118 148 160 113 178 279 314 220 180 168 47 137 171
Elk Fork Salt River Near
05508800 |Madison, Mo. 1974 1974 1 200 7110008 168 52 343 534 239 178 a1 6850 1848 [N/A N/A N/A 290
Elk Fork Salt River Near
05507000 |Paris, Mo. 1935 1982 23 262 7110008 86 94 97 148 210 343 318 310 369 186 72 48 190
07 189000 1840 1994 55 872 11070208 437 727 787 679 868 1348 1685 1551 947 487 273 203 841
1987 1987 1 0 0 0.42 0.14 033 0.37 0.23 0.58 0.32 |N/A N/A 0.14 0.01 [N/A 0.24
1951 1973 23 20| 10300101 10 9 4 5 10 18 22 17 21 28 T 14 13
08906700 _|Flat C Nr Sedalla, Mo. 1961 1967 7 148| 10300103 48 51 25 29 36 123 154 123 161 88 55 159 88
Fourche River Near Poynor,
07068863  |Mo. 1976 1984 9 87| 11010009 21 70 225 86 126 252 194 111 72 38 32 19 103
05495000 |Fox River At Wayland, Mo. 1922 1993 72 400| 7100009 170 180 148 162 317 450 459 314 387 252 119 188 262
07084300 |Fudge Hollow Nr Licking, Mo 1957 1976 20 2| 11010008 0.1 0.3 0.18 0.21 0.18 0.24 0.33 0.48 0.19 0.15 0.08 0.19 0.22
Gasconade River At Jerome
06933500 1903 1983 75 2840| 10290203 1404 2235 2529 2420 2951 3988 4597 4231 3103 1583 1207 1314 2830
Gasconade River Near
1929 1972 44 1250| 10290201 511 667 713 965 1164 1580 1778 1856 1139 556 294 372 964
Gasconade River Near Rich
08934000 |Fountain, Mo. 1922 1983 45 3180 10280203 1707 2274 2535 2866 3187 4437 5503 5061 3937 1858 1418 1492 3021
|Gasconade River Near
06928500 |Waynesville, Missourl 1915 1972 58 1680 10290201 749 977 1049 1323 1680 2113 2600 2521 1783 754 684 600 1392
Grand River Near Gallatin
06897500 Mo 1921 1993 73 ?_250 10280101 823 871 539 508 949 1742 1914 1738 2318 1668 565 1140 1228
Grand River Near Sumner
06902000  |Mo 1925 1993 88 6880 10280103 2725 2077 2080 1908 3529 5850 6649 5486 7369 4782 1809 3218 4025
Gravols Cr At Tesson Ferry
07010155 |Rd, Sappington, Mo 1979 1982 4 |N/A 7140102 4 7 2 3 12 8 15 2 ] 13 L] 2 7
Green Acre Branch Near
07011500 |Rolla Mo 1848 1876 28 1 7140102 0.2 0.23 0.35 0.48 0.58 0.77 0.49 0.68 041 0.23 0.13 0.13 0.39
07071000 _|Greer Spring At Greer Mo 1922 1993 7 100 11010011 255 280 304 330 345 381 445 445 403 335 295 267 341
Hahatonka Sp Al Hahatonka
08924500 |Mo 1923 1926 4 0| 10290110 B84 yal 74 B6 89 77 B4 74 88 72 73 79 74
Hamilton Branch Near New
08902500 |Boston Mo 1956 1972 17 3| 10280103 2 1 1 1 2 3 4 3 3 3 0.61 2 2
Hinkson Creek Al Columbla,
06910230 |Mo. 1987 1991 20 70| 10300102 30 23 31 38 51 8 80 99 78 52 18 20 50
Hodgson Mill Spring At y
07057800 |Sycamore, Mo, 1966 1968 3 0| 11010008 38 a7 41 41 43 41 45 43 41 42 39 38 41
07066000 |Jacks Fork Al Eminence, Mo 1922 1993 72 398| 11010008 222 395 457 477 550 702 838 726 4687 257 208 206 458
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Long Term Average Discharges lor Stream Gages In Missourl (cuble feet per second)
Organized alphabatically by station

"N/A® indicates no data avallable
(USGS data distributed by Hydrasphere, Inc.)

=] = [T el R SRS R
1993 1993 i 28 " 43| s9| 23 33| s0s| 78| t007] 3st

1974| 1983 10 % wwowr] 12| 1| 8l 20| 27| 3| 7| sof 74| | 2| | 2

1974] 1974 1 26| 10300101 [NA WA 34| a4 ozafwa  |wa  fwa Ina [N [Na Ina 2

1922| 1933 2 987| 11010002| 497| 37| ore| ser| 1098 1505 1748 1583 19| e02| 40| a40| g81)

 ser2| e 10 482 11010002 204 780| 45| 08| ses| 1269] 90| 31| aee| 32| sar| 07| s

19s6] 1993 38 2| 11010002| 08| 246| 3| 2va| 2ea| a2a| a08| ses| 24| 7| @] 2| 2w

1974 1988 13 165] 11010002 61 219 266 129 l_m 332 208 185 178 _E N 81 170

1950 1976 7 3 |m!_2_ 2 1 0.48 0.68 1 2 2 3 3 2 0.68 2 2

1971 1971 1 25 7140101 19 18 18 21 62 |NJA 25 58 [NA NIA |IUA N/A !'

1985  1e87 13 s| 1om0011| 017| o24| 022 o3s| oer| oss| s 2| o031] 048] oo0s| o00s| os

1922] 1971 50 ses| 1w0000103| 336 202| 61| %8| 23| ses| 7m0l 72| emd| 3s0) ser| a3us| 4ss

1088  10m3 5 s43| 10300103] 18 33| 283 aa1| e| 730 10| a2 exs| 18| e s

1952 1971 20 0.221 7140103 0.07 0.08 0.22 0.18 0.27 0.38 031 044 0.2 0.11 0.05 0.1 02

1958 172 s 2| 0200001| o078 o71| 2 1 1] 2| 3l 3| oss| oss) o8] o7s|

1880 1293 14 104 7110007 14 89 103 41 80 20 88 a7 53 103 27 87 72

1857 1991 35 112 m_gmtl? 85 92 120 94 127 @5 170 144 79 ) 14 3 99

1976| 1082 7 19 to2e0011| 14 ol ol 3| o] 3¢] 2| 28| 22| | 4| 28] s

1048|1078 2 ¢l to2o020a] 3| ol 4| e 2l wl o o e 8| 2/ 2 s

_1&) 1986 7 194 | 11010008 105 313 558 252 302 332 372 299 118 58 84 48 2_2’;_‘

1960 1984 5 go| 11o0008] 25| e7| 2rs| 131] es| e7| 20| o8| 31| | er| 8 3

M 1948 1993 48 184 | 10300101 135 101 B8 92 121 189 231 240 283 144 94 161 156

08893790 w 1988 1975 10 a7] 10000101 s3] 23| 35| 45| 35| 72| s2| s3] ws| 45| wm| 3w s
06932000 _[Niowburg Mg+ 1928| 1993 85 200| 10200203] e8| 131| 1sa| 148| 475| 25| 20| 58| 208| 100| e2| 8| 1se
el 1985) 1993 2 2| to0012| 163 110| es| 3| o8| 1es| o204 31| 2ar| 24p] tas| 198 we

s M 1975|1975 i 4| 10240012] se| 78| 22|  ae| izolvm  Inm [nm 5] 3l 3| | s
| Near 1027] 1979 53 26| 8020204| 104) 28| 8| 772| 719| 758| 7ss| sss| amo| 1es| 113] 02| a2

Ly St hon S Nowe 19027 179 53 883 soco204| 251 aas| ea7| toss| 1oa2| 1203] 1177 21| eve| a0r| 276| 243 em3
b 1946|1991 48 25| soo0204| 138| 257 ase| 4er| se2| sa| aer| aer| 202 2o7| 198|122 9%

e s O T8 Near 1927| 1979 5 so| socoz04| 20| 78| 21| 23| 08| o297 212| s3] es| 48| 28| 22| 120

Little River Ditch 68 Near — 1970 53 v 8020204 18 258 413 838 828 703 772 552 83| 208 134 126 410

Q0. [t e 1927 1085 39 |N/A so20204| 4| 22| 8| 23| 74| e0| t01] es| o] 10| 2| oss| 48
04100 [Karati o 1927 1979 53 111) sooooos| 74| 13| ves| 13| aoo| az0| 32| e| 24| vas| s2| 72| 20
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Long Term Average Discharges for Stream Gages In Missourl (cublc feet per second)

"N/A" Indicates no data avallable

Organized alphabetically by station name (USGS data distributed by Hydrosphers, Inc.)
n [ Station I Start End ] Nmbr. of 'rﬂ_["ﬁ'_ﬂbTTﬂn—IHm ic v. I Dec. | Jan. | Feb. | Mar. | Apr. I Wey | Jun. | Jul. | Aug. | Sept | Annual
Number Name Year Year Yeara | Area (sq. ml) Unkt Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. l Avg. 1 Avg.
Litle River Ditch No 1 Near
1848 1891 48 450| B020204 177 427 857 772 898 961 878 741 383 287 180 178 541
Little Sac River At Aldrich,
1967 1968 2 304| 10290108 356 354 922 388 813 257| 205 148 45 37 27 288
1968 1993 % 237| 10290108| 128 329) 325 241| 283| 488| 396| 285| 185 80 37| 220 280
Lirtle St. Francis River At
07035000 1939 1993 12 91 8020202 41 198 183 134 183 212 171 172 88 19 35 28 119
Creek Near Linneus, it =
06901500 1929 1972 44 550 10280103] 189 207 1468 190| 304| 478| s580| 458 692 284| 37| 189 318
t Croek Near Milan, —
06901000 1822 1933 12 225| 10280103 171 238 20 77 124 189 283 70 102 121 148 153
07088540 |Logan Creek At Oxly Mo 1880 1984 5 38| 11010008 s a7 109 62 45 4 84 50 13 6 20 4 7
05513500 |Lost Creek At Eisberry, Mo. 1855 1961 7 12| 7110004 4 1] o7 1 - 7 12 16 8 8 3| os 8
07 188500 1849 1858 1 42| 11070206 15 14 10 18 38 41 57 48 L) 21 19 28
06835500 _|Loutre River At Mineota, Mo. 1948 1967 2 202| 10300200 64 30 28 123| 205] 204 130] 122] 112 18 82 8
L.Blue R.BI Ds.
08883783 1975 1993 19 50| 10300101 35 2 23 18 30 45 51 70 60 28 17 7 krd
Maline Cr Al Bellefontaine,
07005000 1979 1981 3 INA 7140101 29 24 23 3 pid 177 871 47 38 41 50 23 153
Maramec Spring Near St.
07010500 1922 1988 2 0 7140102 109 140 160 138 164 183 218 196 170 128 117 107 152
Maries River Al Westphalia.
06927000 1948 1871 24 257| 10290111 122 a1 133 191 245 361 356 402 352 145 55 101 213
Creek Near Galt,
08800000 1822 1991 68 225| 10280103 102 %8 70 71 143] 21| 252] 201 285| 138 71 99 145
Meramec River At Cook
07010350 1968 1982 17 199 7140102 38 100 113 135 148 207 221 163 83 M 27 2 108
Mearamec River Al
07017000 Mo, 1840 1951 12 2673 7140102 1613 1600] 1813 2747 2778 3500 4705| 4014 4015 2037 1048 1118 2568
Meramec River Near Eureka, [ & o]
070129000 |Mo 1974 1974 1 3788 7140102 995 5377 7350 8188 7654 B432 6736| 4876 [NA NIA WA N/A 6584
Meramec River Near Eureka,
07019000 1904 1993 75 3788| 7140102| 1434] 2378 3070| 3154| 3840 S5161| 6148 5090 3570| 1830| 1178 1487| 3202
. |Meramec River Near
07013000 1823 1993 7 781) 7140102] 286| 466| 587| s566| 652| 870| 1041| 951) 735| 348| 265| 287 587
Meramec River Near
07014500 Mo. 1922 1893 B2 1475 7140102 580 884 1260 1215 1425 1905 2313 1931 1318 724 538 556 1227
Middle Fablus River Near
05487500 1938 1880 25 185 7110002 57 i 53 75 172 205 189 127 191 77 38 31 103
Middle Fablus River Near
05498000 Mo, 1948 1883 48 393 7110002 168 183 171 205 315 473 486 73 310 330 123 172 275
Middle Fork L Black R At
070688250 _ 1981 1984 4 T Ilﬂim_l_ﬂ 0.33 8 28 13 4 9 10 10 1 0.16 6 3 8
Middle Fork Litle Chariton R
06908470 1965 1970 8 201| 10280203 128 73 50 150 118 165 382 258 348 354 47 153 185
Middle Fork Sah River At [ ——ap——
05506190 ncans Bridge Mo, 1881 1982 2 200 7110008 10 148 45 113 385 214 81 530 508| 1338 40 7 257
Middle Fork Sah River At
05508500 |Parls, Mo, 1840 1993 54 356 7110008 170 183 174 169 270 440 464 363 314 283 102 150 257
Middle Indian Creek Near
07057380 _|Cabool, Mo. 1987 1987 1 5] 11010008 3] o023 02| 019 [ 3 3| 012] o028) 0.12 0.1 |N/A 1
06816000 | Ml rego 1850 1976 27 5| 10240005 2 1 1 1 2 2 2 4 4 3 2 2 2
Misslssippl River At St Louls
07010000 1933 1993 61 97000 7140101 | 135900 | 140000 121600 | 114300 | 141300 | 230400 | 305400 | 280300 | 258600 | 218000 142300 | 138300 | 188000
Missourl River At Boonville,
08909000 |Mo. 1928 1993 88 501700 10300102 52900( 48800| 33700 28900| 41300| 68100 88000/ 80500| 99300 83800| 55700| 56800| 61300
Missourl River At Hermann,
| 08934500 |Mo 1929 1993 65 524200| 10300200| B3700| 63700| 48900| 43400| 57600| 89700| 115000 108400 | 120400| 99100| 64700| 66200 78400 |
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Long Term Average Discharges for Stream Gages in Missour| (cublc feet per second) *N/A" indicates no data avaiiable
Organized aiphabetically by station name wmmmww Inc.)
1829 1983 485200| 10300101] 45800 41000| 27100 23100| 32200| 53700| 69400 B5400| 82600| 70600| 49400| 49400| 50900
1829 1983 65 A20300| 10240011| 38500| 34800| 22300| 19700| 26500| 44500| 57200 S1B00)| 64000 55600 41500 40800 41500
1928 1993 65 487200| 10300101 45900| 41100| 27900 23700 32800| 53800 71800| 66700| B3B00| 72800| 49700| 49000| 51600
1948 1969 2 81| 10300102 21 2 19 32 51 62 83 44 52 53 12 14 ar
1948 1975 b g S81| 10300102 1A 224 21 359 422 852 534 542 11 333 119 289 385
1982 1982 1 [NA 10290102 [NA 720 INIA NA NA NA NA N/A NA NA NA NA 720
1948 1890 32 287| 10280202 163 158 168 143 243 318 483 | 335 315 245 71 158 230 |
1850 1957 8 1] 10200110 043 07 032| 018 079 079 1 1 07| 038] 0.19] 011 058
1923 1830 8 698) 10200110| 658 745| 830 701 708) 1028 1574| 1395| 1818 535 913 527 840
1891 1993 3 77| 10290110 35| sea| s38| 370| 308 349 328 313| 378| 108 53| 48| 9363
Niangua River Near
06924000 _|Decalurville, Mo. 1930 1969 40 627| 10290110 423 451 462 541 847 873 1022| 1078 849 455 350 393 829
Nodawayﬂhuanr
06817500 |Burdington Jet, Mo 1922 1984 83 1240| 10240010 315 316 238 263 588 991 785 850| 1148 523 349 455| 588
06817700 |Nodaway River Near Grahm 1987 1993 7 1380 10240010 529 585 m 450 575 1033 1280 1408 1451 2528 951 1404 1078
North Fabius River At
1922 1993 72 452| 7110002 188 202 180 194 342 488 518 380 415 310 138 197 2683 |
1981 1981 1 452| 7110002 |N/A WA WA NA NIA N/A 582| 1114 7ivA A INa 959
191 1941 1 830 7110002 157 427 285 w2 538 B34 714 871 875 342 183 467
1922 1944 P 1157 | 11010008 796 9285 1074 1201 1329 1439 1944 1862 1583 790 703 835 1184
1945 1993 48 581| 11010008 404 720 735 852 1055 1250 1124 778 551 415 428 743
1880 1984 5 38| 11010008 i 42 141 80 35 43 50 ] 10 8 20 7 7
1837 1974 38 58 7110004 27 20 18 38 54 75 82 42 5 s 22 25 41
05501000 | North River At Paimyra, Mo 1835 1993 59 73 7110004 160 180 179 181 308 458 468 445 324 284 110 138 268 |
N. F. Wilson Ck At Hwy 13
07052050 |And 160,Springfieid, Mo 1973 1877 5 5| 11010002 3 3 8 8 10 8| s6so 8 7 8 8 57
(Oak Dale Branch Near
Emden, Mo 1955 1978 2 3| 7110005 2 1 2 3 4 5 4 4 4 3 1 2 3
1956 1975 20 1] 10200108| 044 1 1| oes 1 2 2 1| o40] o065] 005| 04] 087
— 1933 1991 59 515| 10240013 149 118 82 102 234 419 338 410 478 219 134 168 237
One Hundred And Two River
08819500 At le Mo 1974 1975 2 515| 10240013 |N/A N/A 17 12 |N/A N/A N/A N/A N/A N/A N/A N/A 7
(Osage Fork Gasconade
08927800 |River At Drynob, Mo. 1962 1982 21 404| 10290201 130 a7 283| 281 358 515 489 449 265 133 " 143 260 |
Osage River Above Schell
08918070 |Chy, Mo. 1880 1993 14 5410| 10200105| 6737| 5183| 4414| 2888| 4817| 7924| 6729| 6272 7708| 5907| 2530f 2175| 5378
08020500 |Osage River At Osceala, Mo 1917 1978 80 8220| 10290105| 3919| 3928 2800 3450| 4143| 6687| @368 B8103| 8480 4989| 2841| 3609| 5194
08922500 |Osage River At Warsaw, Mo, 19268 1931 8 11500| 10200109| 9748| 7962| 5700 6779| 7955| 8150 21500( 16100| 15400| 4280| 9008| 3904| 9599
(Osage River Near Bagnell,
08826000 |Missour 1925 1993 89 14000| 10200111)| 7283 8268 8081| B8192| 0934 13500 16900| 15400| 14400 8822| 5302| 5019| 10100
(Osage River Near St
08926500 |;.lﬂﬁ Missouri 1831 1993 83 14500 10290111] 7012| B 8491| 8848| 10500| 14500| 16800| 16000| 15200| 10000| 5248] 6354] 10800
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Long Term Average Discharges for Stream Gages In Missourl (cublc feet per second)

Organized alphabetically by statlon nama

“N/A" indicates no data avallable
{USGS dala distdbuled by Hydrosphere, Inc.)

n 1 Station Start Nmbr.of | Drainage Hyﬂrolagch Oct. { Nov. [ Jan. l May [ Jun. | Jul. | Aug. | Sept |Annual
Number Name Year 'fur Years | Area (8q. ml.) Unh Avg. | Avg. Avg Avg. Avg l.vg l.vg Avg. | Avg. | Avg. | Avg. | Avg. | Avg.
Osage River Near St.
06926500 |Thomas, Missour 1979 1980 2 14500 10280111 893 21 2830 [NIA MN/A N/A N/A NIA N/A 8709 2621 2878 2847
OsageR. BI Hury S Truman
06922450 |Dam At Warsaw, M 1982 1993 10 7856| 10290109| 8585| 11200| 16300 10000| 10400| 18000| 17300| 15700| 12800| 6362| 5995| 4382| 11300
Paddy Creek ﬁbmra
06929315 |Slabtown Spring, Mo 1993 1993 1 34 0 |N/A N/A NIA NIA N/A N/A NIA NIA 12 1 1 139 43
Petite Saline Creek Near
nville, Mo. 1948 1967 20 182| 10300102 85 45 28 84 103 144 140 137 168 125 71 96 89
06818900 |Platte R At Ravenwood Mo 1958 1971 14 486| 10240012 13 148 €8 152 337 511 344 399 438 234 119 281 281
Platte River At Sharps
06821190 _|Station, Mo 1979 1993 15 2380| 10240012 1288 910 1288 669 1370 2407 2770 3128 2747 3548 1275 1817 1847
Platte River Near Agency,
06820500 |Mo. 1925 1993 67 1760 10240012 661 542 a7 389 821 1389 1465 1480 1850 1207 462 961 72
07019790 _ |Plattin Creek At Plattin, Mo. 1966 1973 8 88 7140101 1 52 7 56 B84 63 122 71 23 25 15 14 49
Pomme De Terre Lake Near
06921325 |Hermitage Mo 1973 1973 1 6811 10290107 | 231600 | 271900 | 250300 | 257000 | 256000 | 329800 | 441600 | 387100 | 255700 | 238700 | 234000 | 232700 | 267200
Pomme De Terre River At
06921500 |Hermiage, Mo. 1922 1965 44 655| 10290107 370 369 382 476 561 867 1083 1044 850 400 357 287 587
Pomme De Terre River Near
06921000 |Bolival 5 1951 1969 19 225| 10290107 95 110 148 121 223 286 299 290 171 181 35 79 170
Pomme De Terre River Near
06921350 |Hermitage, Mo. 1960 1993 3 615| 10280107 241 510 718 544 590 871 877 842 513 310 105 138 520
Pomma De Terre River Near
06921070 |Polk, Mo 1969 1993 25 276| 10290107 156 383 381 273 336 563 493 33 218 80 42 184 284
River Des Peres At Halner
07010018 |P|, University City Mo 1979 1981 3 -] 7140101 3 2 1 0.93 8 5 13 4 4 5 2 8 5
Roaring River Spring Near
07050160 _|Cassville Mo 1966 1968 3 0] 11010001 19 23 32 33 45 45 45 ar 29 27 28 25 32
Rock Creek At
068893800 |Independence Mo 1967 1978 10 5| 10300101 8 2 2 2 2 5 5 T 7 3 2 7 4
Round hsﬂpdng At Round
07085000 |Sprng Mo 1929 1980 26 0| 11010008 25 35 42 49 53 68 81 73 48 38 28 27 47
RAumbo Branch At Danville,
08935000 |Mo. 1953 1958 8 1| 10300200 0.23 0.01 0.01 0.25 0.69 0.77 1 1 1 2 0.11 0.83 0.85
Sac River Al Highway J
06919020 |Below Stockton Mo 1974 1983 20 1292| 10280108 554 847 1210 1375 1220 16588 1928 1847 1371 1057 850 949 1200
| Sac River Near Caplinger
06919900 ' |Milis, Mo, 1975 1993 19 1810 10280108 954 1260 1788 1655 1817 2401 2515 2222 1782 1291 937 1220 1852
Sac River Near Dadeville,
06918440 1966 1993 28 257 | 10290108 127 292 336 247 283 452 388 302 212 119 85 125 244
06919000 |Sac River Near Stockton, Mo 1921 1990 70 1160| 10290108 552 646 763 904 288 1263 1793 1673 1414 840 619 589 1001
Saline Creek Near Minnith
07020270 (M 1980 1982 3 B3| 7140105 ] 12 20 11 30 18 168 141 98 28 11 8 28
Salt River At Hagers Grove
05502300 1974 1993 20 385 7110005 192 346 243 108 321 474 428 445 27 421 85 142 289
1980 1993 14 2350 7110007 728| 1529 2254 1190 1663 2715 2373 22688 2308 2350 1347 1363 1841
1931 1988 19 626 7110005 kL 554 462 211 623 612 575 17 592 283 314 169 461
1840 1981 42 2230 7110007 988 743 715 1145 1508 | 2707 2008 | 2001 1971 1351 592 B45 1454
Salt River Near New London,
1923 1993 " 2480 7110007 1037 1108 1158 1258 1862 2820 3081 2380 2401 1582 933 1076 1721
1934 1993 48 481 7110005 137 172 151 208 343 483 503 407 478 362 132 196 294
1968 1873 i 33 7140101 8 11 25 13 21 26 58 a2 T 3 30 18 21
1952 1985 14 3| 10300104 0.95 0.7 0.66 0.53 1 2 2 2 1 2 0.76 2 1
Shoal C Nr Joplin Mo 1924 1941 18 458| 11070207 285 228 280 319 331 338 695 575 754 321 357 307 400
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Long Term Average Discharges for Stream Gages in Missourl (cublc feet per second) "N/A" Indicates no data avallable
Organized alphabetically by statlon name (USGS data distributed by Hydrosphere, Inc.)

Station | Statlon Start ] End Nmbr.of | Drainage | Hydrologic | Oct | MNov. | Dec. | Jan, | Feb, | War. | Apr. | Wey | Jun. | Jul. Aug. | Sept | Annual
Humber Name Year Year Years | Area(sq. ml) Unkt Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. Mg.]

Shoal Creek Above Joplin,
07187000 |Missour 1942 1993 52 427| 11070207 288 394 380 322 81 552 852 70 555 352 221 280 419
Shoal Creek At Claycomo,
06893670 1975 1982 8 30| 10300101 12 7 5 2 ] 21 18 28 a0 18 7 25 16
Shoal Creek Near Braymer
06899700 Mo 1958 1978 21 391| 10280102 155 182 85 187 247 349 384 380 a7 223 23 274 243
Snlabar Creek Near Tarsney
06894880 |Mo e 1970 1982 1 29| 10300101 13 14 45 17 21 47 7 38 13 14 077 44 25
South Fabjus River Near
05500000 |T; Mo 1935 1993 59 820 7110003 270 298 266 290 497 719 741 6834 490 408 172 218 418
South Fork Blackwsater River
08907500 |Near Elm, Mo. 1954 1980 27 17| 10300104 10 5 5 T 9 17 23 17 15 12 4 13 11
South Fork Salt River Above
05504800 |Santa Fe 1987 1993 7 233 7110008 69 98 144 95 140 237 189 237 109 133 55 274 148
South Fork Salt River Above
05504800 |Santa Fe I 1991 1993 2 233 7110008 19 243 203 238 113 287 439 282 54 388 91 451 234
South Fork Salt River Al
05505000 |Santa Fe, Mo. 1940 1986 41 298 7110008 105 138 127 109 216 324 338 262 230 185 54 110 183
South Fork Salt River Near
Santa Fi A 1968 1975 8 295 7110006 327 118 207 335 285 468 459 450 484 408 70 184 310
South Grand River At Archie,
M == 1970 19886 17 256| 10290108 217 266 211 198 269 478 459 457 542 116 28 312 301
South Grand River At Urich,
08921600 |Mo. 1961 1969 g 870 10290108 232 381 238 258 297 475 700 652|. 1105 207 121 890 444
South Grand River Near
06922000 |Brownington, Mo. 1921 1971 51 1660| 10290108 750 691 445 820 799 1265 2025 1877 2071 1005 490 856 1055
South Grand River Near .
06921760 |Clinton, Mo 1985 1993 ) 1270] 10290108 1862 1203 1315 638 565 1401 16883 1899 767 1727 550 803 1185
ISpancer Cr Below Plum Cr
05508805 |Nr Frankdord Mo 1976 1993 18 208 7110007 59 196 224 89 197 286 243 261 94 191 B84 120 169
Spencer Creek Nr Frankiord
05508800 |Mo 1980 1980 1 200 7110007 39 1 0.91 |N/A MNIA NIA NIA NA NIA N/A MN/A WA 6
07 185765 ring River At Carthage, Mo 1967 1981 15 425| 11070207 225 501 389 331 429 701 545 483 436 273 138 230 389
I\SFIW River At Lanusssll,
07185700 0. 1957 1982 26 308| 11070207 183 27 212 184 226 385 368 393 358 205 113 142 251
07186000 1924 1993 70 1164 | 11070207 852 201 727 705 914 1217 1415 1474 1388 710 457 599 929
1950 1977 28 41 11070207 3 4 2 2 3 5 4 4 4 2 0.58 1 3
Starks Creek At Preston Mo 1958 1977 22 4| 10280110 3 3 4 4 4 8 ] 8 3 1 0.44 2 4
Stinking Creek Near Calleo
0690834025Mo 1984 1984 1 |NA 10280203 |N/A N/A NA NIA NIA 10 14 |N/A MNIA N/A LY NIA 13
07040000 |St. Francis River At Flsk, Mo 1928 1941 14 1370 8020203 LAl 845 1228 2552 1695 2163 2598 1965 1438 522 293 280 1309
St. Francis River At
07039500 |Wappapello, Mo. 1941 1993 53 1311] 8020202| 394| 899 1913| 2384| 2200| 2715| 2002| 2481| 1357 730| 393| 408| 1567
St, Francis River Near Mill
07035800 |Creek, Mo 1988 1993 ] 505 8020202 74 816 1074 994 895 934 1005 868 247 79 74 223 588
S1. Francis River Near
07037500 _|Patterson, Mo 1921 1993 73 958| 8020202| 3ss| 9s8| 1326| 14e8| 1554 2163| 2314 1708 923| 330 219] 258| 1126
St. Francis River Near
07034000 |Rosslle, Mo 1987 1993 7 234 8020202 46 242 460 340 e7 408 414 47 99 41 39 125 243
St. Francls River Near
Saco Mo. 1963 1993 11 664 8020202 355 1710 1573 1151 1338 1588 1390 1213 B892 102 176 201 935
08813000 [Tarkio River At Faldax Mo 1922 1991 70 508| 10240005 131 117 94 28 185 292 252 298 420 285 166 186 208
Thompson Branch Near
08896500 M"THQ_ 1958 1972 17 6] 10280104 3 2| 054 i 3 4 k| 5 4 3 0.58 8 3
Thompson River At Mount
06898100 |Moriah Mo 1960 1977 18 B91| 10280102 337 381 207 21 539 984 912 726 745 405 143 574 518
Thompson River At Trenton
06899500 Mo 1928 1993 65 1670 10280102 603 685 496 478 903 1619 1700 1584 1794 1109 548 755 1021
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Long Term Average Discharges lor Stream Gages in Missourl (cubic feet per second)

"NA" Indicates no data avallable

Organized aphabetically by station name (USGS data distributed by Hydrosphers, Inc.)
E] = (S E T ER eSS RN E ST
07087350 |Creek Noat Cabodh o 1987| 187 1 1| 1ioo008] 1| 22| ose| o021 2| 1| osr| oos| o ooilna A 3
1933 1939 7l m| mojoeor| w7| | wa| el u| 7| ie| 28] 34| 8| sl ol s
1964 1973 10 42| 11o70207) | 40| | 30| 3| | e 1| ss| 2| 28| w| 3
1965  1em 2 262| 10200108| 139| 34| 327| 2s8| a3z aso| a2s| 36| 254 18| ee| s| 2w
1984 1984 1 10280203| o0se| o067 ossiva lwa os| o091| o8| ossfva  INA  Na 074
1982| 1982 1 [NA 10290102 |N/A PRCI S (7 S TS 7 N LS N TN T T 218
wse| 172 7 1] w020111] o37| 02| os| o3| osr| om 1 1| oss| 03| oos| o ous
1948|1870 z 28| 10000101) 2| s3] 3s| es| wo| 75| | s3] 2 35| il e
1929)  1om2 “ as4| 10280102] 137 162 oe| 138| 252 3se| ae0| el sv| ses| ves| 73] 28
1940 1959 2 8| wze0102) sa| 38| 38| es| 13| om 22| a0s| ss| 01| a3 13
1934|1940 7 15| t0240005| e8| 38| 23| 28| 8| sos| ws| 28| as3| s3] es| o] e
1958|1877 19 135) 10280103) e4| 48] 38| e7| s 72| 20| 2| 15| @] 28] 95| o0l
9| 1em 2 o waoora| 2| 1| oss| 2| 3] & 4| s| 3| s 2 3| 3
1952  1em & 4022| 11010008) 1613 27es| aseo| asi7| 3047| sa00| soes| sece| 401a| does| 2701| 1ewe| Ime2
1938 1952 15 3617 11010008 1e00| 26s8| 30e8| 4007| es2s| ess| sesw sa7e| 2203 1363 1028| azm2
1953| 1959 7 of wewoos| 6 s| e e e s 8 8 7| 7| e e e
1933|1977 12 8| 1100002] 14| 18| 1e| 2| 22| 27| 28] 3| ar] w| )| 49|
07052150 _|Springfield, Mo. 1967 1972 8 47| 11000002| 48| 47| es| 37| 38| as| 41| 30| 30| 2] 20| |
07052180 [ ok Bationeld | oes| 1om 18 ss| 1owo02| er| 15| e 78| ee| so| 23| o8| e8| e3| sof e o0
01052100 [Mo o P ora|  vee 1 1| 1100002 19| 28] 14| 13| 18| 3] s3] 36| 34| a8] | 7] 2
05496500 _|Wyaconda R Nr Canton Mo 1922 1032 1 47| 7110001) 407| 38s| 70| e8| a78| 32| sa7| i3t s24| 208 78| 2s7| 312
08490000 |G oo 1933) 1093 = 39| 71i0001| 139 71| vea| 1se| 33| ate] at3| aso| sea| 20| 1a4| 77| 20
08903000 [Mor o NearROMI® | oe] 1am 7 405| 10260103] 118] 313| 117) 2s6] 30| 21| sos| 80| 732) 78| 48| 77| 262
0506000y 0 oo MO0 | oar| veme 3 7| 7100008] 25| 1e] 18] 32| a8 7| 70l ef o 70f 19] 2] s
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Long Term Average Discharges for Stream Gages In Missouri (cublc feel per second)

Organized numerically by stalion number

TABLE 2

“NIA" indicates no data avallable
(USGS dala distributed by Hydrosphere, Inc.)

on ‘ Statlon | Start [ Nmbr. of | Drainage | Hydrologic Jan. | Feb. | Mer. | Apr. | May | Jun. | Jul. | Aug. | Sept Mnul
MNumber Name Year Yur Years | Area (aq. rnl.} Unit Avg Mg Avg. Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg.
Des Molnes River At St.
05490800 |Francisville, Mo. 1978 1986 -] 14300 7100009 5499 B117| 7144 B6116| 10800| 17000 17800| 15900| 17700( 18200| 11000 8458| 12200
05495000 |Fox River At Wayland, Mo. 1922 1983 72 400 7100009 170 180 148 162 37 450 459 314 387 252 118 188 262
Wyaconda River Above
05496000 |Canton, Mo 1933 1903 54 393 7110001 139 1714 164 156 334 419 413 352 83 291 134 177 259
05498500 |Wyaconda R Nr Canton Mo 1922 1932 11 447 7110001 407 385 170 168 78 432 527 131 524 206 176 257 312
North Fabius River At
05497000 |Monticelio, Mo 1981 1981 1 452 7110002 |N/A N/A N/A NIA N/A N/A 582 1114 71 [N/A NIA NIA 959
North Fabius River At
05497000 |Monticello, Mo 1922 1993 72 452 7110002 188 202 180 194 342 488 518 380 415 310 138 197 293
Middle Fabius River Near
05497500 |Baring, Mo. 1938 1960 25 185 7110002 57 3 53 75 172 205 189 127 191 [d 38 36 103
Middle Fablus River Near
05498000 |Monticello, Mo. 1946 1983 48 393 7110002 168 183 171 205 315 473 486 373 310 330 123 172 275
North Fablus River At Taylor,
05498500 |Mo. 1831 1941 1 930 7110002 167 427 285 342 538 634 714 871 875 288 32 163 487
South Fabius River Near
05500000 |Taylor, Mo 1935 1993 59 820 7110003 270 298 266 290 497 719 741 634 490 408 172 218 418
05500500 |North River At Bethel, Mo 1937 1974 38 58 7110004 27 20 18 38 54 75 82 42 53 35 22 25 41
05501000 |North River At Palmyra, Mo 1835 1993 59 373 7110004 160 180 179 181 308 458 466 445 324 284 110 138 268
05502000 |Bear Cresk At Hannlbal, Mo. 1939 1993 49 3 7110004 11 15 15 13 26 32 33 29 24 24 16 14 21
Salt River At Hagers Grove,
Mo. 1974 1993 20 385 7110005 192 346 243 108 321 474 428 445 271 421 95 142 289
1934 1903 46 481 7110005 137 172 151 208 43 4683 503 407 478 362 132 188 294
1955 1978 22 3 7110005 2 1 2 3 4 5 4 4 4 3 1 2 3
1931 1988 19 826 7110005 341 554 462 211 823 612 575 "7 592 383 314 169 461
1880 1993 14 80 7110005 32 L 72 24 " 87 89 100 87 29 30 58 85
South Fork Sall River Above
1991 1993 2 233 7110008 19 243 203 238 113 287 439 282 54 388 i 451 234
South Fork Salt River Above
1987 1993 T 233 7110008 69 98 144 95 140 237 189 237 109 133 55 274 148
1968 1975 B 295 7110008 327 118 207 335 285 4€6 459 450 464 408 70 184 310
1840 1988 41 298 7110008 105 138 127 109 218 324 339 262 230 185 54 110 183
, ' 1937 1982 B 87 7110008 25 19 18 32 48 71 70 61 80 70 19 23 45
Middle Fork Salt Hhmr At
05506190 |Duncans Bridge Mo. 1981 1982 2 200 7110008 10 146 45 113 365 214 81 530 508 1338 40 7 257
Middle Fork Salt Flh‘ar At
05508500 |Paris, Mo. 1940 1993 54 356 7110008 170 183 174 169 270 440 484 363 14 283 102 150 257
Elk Fork Sall River Near
Mo. 19892 1983 25 200 7110008 116 148 160 113 178 279 314 220 180 168 47 137 171
Elk Fork Salt River Near
Madison, Mo, 1974 1974 1 200] 7110008 188 52 33 534 239 178 31 650 1848 [N/A NIA NIA 290
Elk Fork Salt River Near
05507000 |Paris, Mo. 1935 1982 23 262 7110008 88 94 a7 148 210 343 318 310 389 186 72 48 180
Salt River Near Monroe Clty,
05507500 |Mo. 1940 1981 42 2230 7110007 988 743 715 1145 1508 2707 2908 2001 1971 1351 592 B45 1454
05507600 |l ick Creek At Perry Mo 1980 1993 14 104 7110007 14 99 103 41 90 90 86 97 53 103 27 87 72
05507800 |Salt Aiver Near Center Mo 1980 1993 14 2350 7110007 728 1529 2254 1180 1663 2715 2373 2266 2308 2350 1347 1363 1841
Salt River Near New London,
05508000 (Mo 1923 1993 Al 2480 7110007 1037 1109 1158 1258 1862 2820 3061 2390 2401 1582 933 1076 1721
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Long Term Average Discharges for Stream Gages n Missourl (cubic feet per second)

"N/A" Indicates no data avaliable
Crganized numerically by siation number (USGS data disiributed by Hydrosphers, Inc.)
I"'Ei'm Stetion J Nmbr. of mﬁa‘rwrﬂa Moy | Jun. | Jul. | Aug. | Sept | Annual
ml Name I L"'" L h(ﬂ-ﬂ_ﬂﬂlﬂﬂ Avg. MIMIMI le l Ikd_&_li‘ﬁj_m-_,
Cresk Nr Franidord l I |
05508800 1980 1980 1 200 7110007 39 1| 091 |NA NA NA NA NA NA NA N/A N/A [
Cr Below Plum Cr
05508805 1976 1993 18 208| 7110007 59 196 224 89 197 286 243 261 k7] 191 B4 120 169
Creek Near
05509700 Mo 1985 1872 8 18 7110004 15 5 10 L) 10 2 21 14 18 12 B8 11 12
05513500 |Lost Creek Al Mo. 1958 1861 7 12| 7110004 4 1| 079 1 4 F 4 12 18 8 8 3 08 [
05514500 River Near T 1991 1993 803 7110008 9 984 842 1152 454| 1382| 1840 o211 7| 22N 661 4570 1349
| 05514500 River Near T 1922 1993 67 203 7110008 432 509 538 497 B42 1020 1185 973 898 580 290 503 871
Dardenne Creek Al
05514800 1979 1982 4 [NfA 7110009 8 35 11 20 114 72 144 73 34 135 18 25 58
st Tarkio C N Westboro
06812500 |Mo 1934 1940 7 105| 10240005 89 38 23 28 338 598 105 258 483 183 85 a7 192
06813000 | Tarkio River At Falrlax 1922 1991 70 508| 10240005 131 17 94 88 185 292 252 208 420 265 166 188 208 |
086168000 |Mill Cresk Al O Mo 1950 1976 27 5| 10240005 2 1 . 1 1 2 2 2 4 4 3 2 2 2
Nodaway River Near
08817500 urlington Jct, Mo 1922 1984 63 1240] 10240010 315 316 236 263 568 991 785 850 1148 523 349 455 566
08817700 River 1987 1993 7 1980| 10240010 529 885 711| 450 675 1033| 1260| 1409| 1461| 2528 951| 1404| 1078
Missouri River Al St Joseph,
06818000 |Mo. 1929 1993 65 420300 10240011 | 38500| 34800| 22300| 19700| 26500| 44500 57200 51800| 64900| 55800| 41500] 40800| 41500
08818900 |Plane R At 1958 1971 14 488| 10240012 1 148 688 1562 337 511 4 399 436 24 119 261 261
Hundred And Two River
08819500 Mo 1974 1975 2 515 10240013 |N/A A 17 12 |NA N/A NIA N/A NA INIA NA N/A 7
One Hundred And Two River
06819500 |ar Mo 1933 1991 59 516| 10240013 149 118 ﬂ_g t@_ 234 419 338 410 478 219 134 168 37
Whits Cloud Creek Nr
1949 1970 2 6] 10240013 2 1 0.55 2 3 4 4 5 T 5 2 3 3
Platie River Near Agency, =
068820500 Mo. 1925 1933 67 1760 10240012 e61 542 e 389 821 1389 1485 1480 1950 1207 462 9261 72
Jankins Branch At Gowser
06821000 Mo 1950 1978 Fid 3! 10240012 2 1 048 0.68 1 2 2 3 3 2 0es 2 2
, Linle Plane River Al
06821150 1975 1975 1 234| 10240012 -] i75 2 9 122 |NA NA NA 15 3 3 71 57
Platte River At
06821150 Mo. 1965 1923 22 234| 10240012 183 119 85 a3 26 165 2 318 47 242 144 198 178
Platte River Al Shamps
06321190 Mo 1979 1993 15 2380| 10240012 1288 910 1288 869 1370 2407 2770 3129 2747 3548 1275 1817 1947
068821280 Cresk At Mo. 1978 1882 7 19| 10240011 1 8 4 3 8 kK 21 2% 2 14 4 28 15
Missouri River At Kansas
06883000 Mo 1929 1993 85 485200| 10300101| 45800 41000| 27100| 23100| 32200| 53700| 69400| 65400| 82600| 70800| 49400| 48400| 50900
Blue River Near Kansas City,
06893500 |Mo. 1839 1993 55 188| 10300101 129 a7 23 26 121 193 284 238 2712 174 80 171 180 |
EmﬂthrBwyﬂkd
08893520 A1 Kansas Cit 1881 1982 2 198| 10300101 1210 |NIA INFA N/A N/A N/A N/A N/A NIA 1292 [NIA NIA 1280
Brush Creek At Kansas Chty
08883560 (Mo 1971 1979 9 15| 103001014 8 4 4 3 4 13 T 10 11 7 ] 23 8
Brush Creek At Kansas Clty
06883560 |Mo 1974 1975 2 16] 10300101 |N/A 0.21 ] 5 2 2 3 |N/A 3 3 [N/A N/A 2
Blue River At Coal Mine Rd
0€093566 nsas C 1981 1982 2 230| 10300101 576 [N/A N/A N/A NIA N/A N/A NIA N/A 1131 |N/A N/A 854
Rock Craek At
06893600 Mo 1967 1978 10 5| 10300101 8 2 2 2 2 5 5 7 7 3 2 7 4
Shoal Creek At Claycomo,
06893670 [Missour 1875 1982 8 30| 10300101 12 7 5 8 21 18 26 30 18 7 25 15
Little Blue R. At L
06893790 |Road In Kans. 1966 1975 10 47| 10300101 53 23 35 45 35 72 82 83 115 15 11 39 50

¢ xipuaddy



911

Long Term Average Discharges for Stream Gages In Missourl (cublc feel per second)
Organlzed numerically by station number

“N/A" Indicates no data available
(USGS data distributed by Hydrosphere, Inc.)

g
on l Station Start | End l Nmbr, of ] Drainage | Hydrologic l Dec. | Jan. X May | Jun. | Jul. Sept | Annual §
Number Name Year Year Years | Area (sq. mi) Unit Avg A\rg Avg, | Avg. | Avg Avg Avg Avg. | Avg. | Ava. A.vg Avg. | Avg. c
L. Biue R, Bl Longview D.5. 8
08893793 |At Kansas City,Mo. 1975 1983 19 50| 10300101 35 28 23 18 30 45 51 70 80 29 17 a7 37 9,.
Jackson coumy Lake Near
06893880 lue Springs, Mo, 1974 1983 10 28| 10300104 12 14 8 20 27 38 57 59 74 14 17 14 30 E
Jackson Coumv Lake Near
08893880 |Blue Springs . 1974 1974 1 26| 10300101 [N/A IN/A el A4 0.23 [N/A N/A N/A N/IA NIA NIA N/A 28 8
East Fork Lnﬁe Blue River Nr =}
06893880 |Blue Sprli Mo. 1975 1993 19 34| 10300101 24 18 17 13 18 s ] 47 52 44 21 22 25 28
Little Blue River Near Lake
08884000 |Chty, Mo 1848 1993 48 1841 10300101 135 101 B8 92 121 199 231 240 283 144 94 161 156
EF. Fishing A. Al Excelsior
06884500 s, Mo, 1951 1973 23 20| 10300101 10 9 4 5 10 18 22 17 21 28 7 14 13
ISniabar Creek Near Tarsney
06894680 |Mo 1970 1982 1A 29| 10300101 13 14 45 17 21 47 i 38 13 14 0.77 44 25
Crooked River Near :
06895000 |Richmond, Mo. 1948 1970 23 159 10300101 55 58 L 20 48 96 124 149 118 184 179 45 103 99
Missouri River At Waverly
08895500 rMu 1929 1983 85 487200| 10300101] 45900 41100| 27900| 23700 32800| 53800| 71800) €B700| 83800 72800| 49700 49000| 51600
Wakenda Creek At
08898000 |Carroliton, Mo. 1948 1970 23 248| 10300101 142 83 35 89 140 175 168 153 244 223 135 141 143
Thompson Branch Near
08896500 |Abany Mo 1956 1972 17 6| 10280101 3 2 0.54 1 3 4 3 5 4 3 0.58 8 3
East Fork Big Creek Near
Bethany Mo 1934 1972 39 95| 10280104 25 25 14 24 80 83 69 74 114 32 17 37 48
1921 1993 73 2250| 10280101 823 87 539 508 949 1742 1914 1736| 2318 1668 555 1140 1228
1980 1977 18 891| 10280102 37 361 207 2n 539 984 912 726 745 405 143 574 516
1840 1959 20 246| 10280102 54 38 38 68 138 204 220 262 405 95 101 43 138
1929 1972 44 494 | 10280102 137 162 94 138 252 394 309 ar9 527 163 184 173 248
1929 1993 85 1670| 10280102 603 685 496 478 903 1619 1700 1584 1791 1108 548 755 1021
1958 1978 21 391| 10280102 155 182 85 167 247 349 394 380 a7 223 93 274 243
1922 1991 68 225| 10280103 102 98 70 Fii) 143 241 252 201 265 135 71 99 145
1922 1933 12 225| 10280103 171 236 20 77 124 189 283 70 226 102 121 148 153
1929 1972 44 550 10280103 169 207 148 190 304 476 589 458 892 284 137 169 318
1925 1983 68 B8880| 10280103 2725 2077 2080 1908 | 3529 5850 6849 5488 7369 4792 1809 3218 4025 |
1959 1977 19 135| 10280103 64 48 38 87 83 172 220 182 115 81 28 a5 100
1956 1972 17 3| 10280103 2 1 1 1 2 3 4 3 3 3| 081 2 2
1929 1951 7 405| 10280103 118 313 117 258 340 211 505 180 732 178 48 77 282
1974 1993 20 864 | 10280201 439 500 678 389 563 919 914 815 821 12 661 601 704
1931 1993 81 1370| 10280202 514 585 557 524 802 1459 1430 1240 1448 954 550 556 B84
06905000 |Chariton River At Elmer, Mo. 1922 1930 9 1660 10280202 1385 1208 577 323 1157 1477 22683 608 1748 770 320 1364 1106
Charfton River Near Pralrle
08905500 [Hill, Mo. 1929 1993 €5 1870 10280202 734 B3z 783 742 1114 1945 2108 1862 2018 1449 709 769 1254)
Mussel Fork Near
06908000 |Mussallork, Missouri 1949 1990 32 267 | 10280202 163 158 169 143 243 318 483 335 315 245 71 158 230
East Fork Little Chariton R
08906200 |Nr Macon Mo 1971 1983 23 12| 10280203 87 73 100 67 82 150 188 173 97 104 89 82 103
East Fork Little Chariton R
06906300 |Nr Huntsville Mo 1963 1993 3 220| 10280203 129 132 137 131 150 266 335 253 211 209 B4 150 18_2_|




LIT

Long Term Average Discharges lor Stream Gages in Missour {cublc eet per second) "N/A® indicates no data avaliable
numerically by station number (USGS data disiributed by Hydrosphers, Inc.)

=~ A SR A A A A A

Mine Discharge
0e2083391 1984 1984 1 INIA 10280203 0.54 067 0.68 [INA NA 0.9 0.91 0.8 0.84 [N/A NA NA 0.74
Stinking Creek Near Calieo
1984 1984 1{NA 10280203|NA A |NA  INA  [NA 10 WINA A INA INA INA 13
Middie Fork Liie Chariton R
Mo. 1965 1970 8 201 | 10260203 128 73 50 150 118 185 382 256 348 354 a7 153 185
Branch Near Ammow
6908600 1960 1973 14 0.331| 10300102 0.5 007 005 008| 042] 024 038 021 0.19 0.13 0.03 0.2 0.15
DB908700 _ |Flat C Nr Sedalia, Mo. 1981 1967 7 148| 10300103 48 51 25 29 38 123 154 123 181 88 55 159 88
Lamine River Near Otterville,
06906800 i 1968 1993 8 543| 10300103 18 6824 533 283 341 817 730 1110 332 825 128 B47 516
Lamine River At Clitton Chy,
1922 1971 50 598| 10300103| 336) 202| 261 336) 423| s65| 758 772| 884| 350 61| 315 483
1954 1980 27 17] 10300104 10 & 5 7 9 17 2 17 15 12 4 13 11
1959 1973 15 547| 10300104 300 210 178 274 269 584 984 599 782 557 125 549 451
1922 1993 68 1120| 10300104| 58| 00| 454| 488 @69 1052| 1374| 1088| 1211| 830| 284| 64| 765
1952 1965 14 3] 10300104 0.95 07 0.88 0.53 1 2 2 2 1 2 0.78 2 1
1826 | 1993 88 501700 10300102| S2900| 48800| 33700| 28900| 41300 68100| B88000| B0S00| 99300| 83900| 55700| S6800| 61300
1948 1969 22 81| 10300102 21 21 19 2 51 62 &3 44 52 53 12 14 7
1948 1967 20 182] 10300102 85 45 28 B4 103 144 140 137 168 125 71 96 99
1867 1991 20 70| 10300102 30 23 Eh 38 51 83 B0 89 78 52 18 20 50
1964 1991 18 45| 10300102 32 13 20 35 34 62 58 64 50 28 18 22 38
Moreau River Near Jetferson
06910500 |Chy, Mo 1948 1975 27 561 10300102 3 224 221 359 422 652 534 542 811 333 119 289 386
Unnamed Trib To Mulberry
06916854 |Ck Nr Amoret, Mo 1982 1982 1 |N/A 10290102 |N/A 216 |N/A NIA N/A N/A NIA NIA N/A N/A NIA NIA 218
M GCreak Nr
MM 1982 1982 1 |N/A 10290102 |N/A 720 [N/A NIA N/A NIA NIA N/A NIA MiA N/A N/A 720
1980 1993 14 5410) 10290105 8737 5183 4414 2688 4817 7924 8729 B272 7708 5907 2530 2175 5378
1968 1833 28 257 | 10290108 127 282 338 247 293 452 386 302 212 119 B85 125 244
1966 1967 2 0| 10200108 2 1 2 2 3 3 3 3 3 3 2 2 2
1965 1883 29 252] 10290108 139 314 27 256 321 480 426 336 254 156 26 150 270
1956 1975 20 11 10290108 0.44 1 1 088 1 2 2 1 049 065| 005 0.4 0.97 |
1968 1993 2% 237| 10290108 128 329 325 241 283 488 398 285 185 B0 7 220 250
1967 1988 2 304| 10280108 358 354 922 823 813 257 205 148 45 37 27 288
1921 1980 70 1160 10280108 552 846 763 904 986] 1283] 1793 1673| 1414 840 819 588| 1001
Sac River At Highway J
Below Btndq:nngMu 1974 1983 20 1292| 10290108 554 847 1210 1375 1220 1598 1828 1647 13N 1067 | 850 949 1200
Cedar Creek Near Plaasant
Vi 1923 1983 49 420| 10290108 179 338 304 265 394 584 512 455 353 253 86 197| 326
Sac River Near I
I \ SN 1978 1993 19 1810| 10290108 954| 1280| 1788| 1855 1B17| 2401| 2515| 2222| 1782| 1201 937| 1220{ 1852
1917 1978 80 8220| 10290105| 3918| 3928 2809| 3459| 4143| 6687 9366| B193| 8480 4909| 2641 3609| 5194
1951 1969 19 225| 10280107 95 110 148 121 223 286 299 290 171 181 35 79 170
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Long Term Average Discharges for Stream Gages in Missourl (cubic feet per second) “N/A” Indicates no dala avallable
Organized numerically by station numbar (USGS data distributed by Hydrosphere, Inc.)

[_li-hnl Statlon [WTﬁnbr.dIMﬂmIW'MI&!.]MI#LIM'M\Mr\HlJun.{Jul.J l lhmull
Number Name 'lur ¥ Area (sq. ml) Unit Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg. | Avg.
r DonﬁMer
06921070 _|Polic Mo 1969 1993 25 278) 10280107) 158| 63| 381 273 338| s563| 493| 33| 218 80 42| 184| 284
068921200 |Lindley C ar Pok 1957 1991 5 112| 10200107 85 92| 120 g4| 127] 208 170 144 79 M 14 13 9
1873 1973 1 811 10290107 | 231600 | 271800| 250300 | 257000 | 256000 | 329800 | 441600 | 387100 | 255700 | 238700 | 234000 | 232700 | 267200
1960 1993 M 815| 10200107 241 510) 718] seaf 590| 71| 877| 842| 13| 30| 105| 138)| 520
1922 1985 44 855| 10200107) a70| 69| 382| 478| se1| ee7| 1083| 1044| 850 400 as7| 287| se7
1870 1988 17 258| 10200108 217 288| 211 198| 269| 478| 459| 457 s42| 118 88| 312|301
1961 ) 3 670| 10200108 232 381] 236/ 207) 45| 700 es2] 1108| 207 121]| 690 4as
1960 1975 16 414| 10200108| 283| 215| 220| 278| 207| 431| s57| 408 79| 187 95| as1| ais
1961 1975 15 1] 10200108| 089 08| o093 1] 08 2 2 2 1] o0s2| ose 1 1
1985 1993 3 1270| 10290108| 1862 1203 1315| 638| 565| 1401| 1863 1899| 767| 1727| 550 1185
1921 1871 51 1660| 10200108| 750! 691| 445 799 1285| 2025| 1677| 2071 1005| 490| 8se| 1055
1882 1983 10 7856| 10200109 8S95| 11200| 18300| 10900| 10400 16000| 17300| 15700| 12800| e362| 5895| 4382| 11300
1928 1931 i 11500 10290109 9748| 7062| S700| 5779| 7955| 8159 21500| 16100| 15400 4280| 90068 3904| 9599
1985 1977 13 24| 10280108 20 18 18 18 18 29 39 M 25 13 & 19 21
Marshiieid Mo 1950 1957 8 1| 10280110 043 07 032] 018] 079] o079 1 1 07| 038 019] 011] 058
Dousinbury Cr On Jj Near
06923150 |Wall Street, Mo 1933 1893 1 36| 10200110NA WA INJA INIA [NIA [NAA 37 36 52 7 3| ao0s 74
langua River At Windyville,
06923250 |Missou 1991 1983 3 a77| 10280110 35| se3| s8] 70| 308 349 328) 33| aIre| 108 948| 363
: 1 Spring Al Bennent
08923500 |Springs Mo 1929 1983 40 100] 10200110| 132 153] 1700 e8| 185| 223| 247 240 191 44| 128 127] 178
i ' |Niangua River Near
06924000 _|Decaty Mo, 1830 1969 40 627| 10200110 423| 451| 482| s41| 47| 73| 1022| io78| 49| ass5| a3s0| 33
Hahatonka Sp At Hahatonka -l
06924500 |Mo 1923 1926 4 0| 10290110 64 7 74 ) 69 77 84 74 88 72 73 79 74
06925000 |Niangua R Nr Roach Mo 1923 1930 8 698| 10200110| 658| 745 70| 708] 1028 1574 1395| 818 sas| @13 s27| 940
08925200 _|Starks Creel Al Mo 1956 1977 22 4| 10290110 3 3 4 4 4 8 8 8 3 1| 044 2 4
Osage River nell
06926000 |Missour i 1925 1993 89 14000| 10200111| 7283| 8268| 8081| 8192 9934| 13500| 16900| 15400| 14400| 8822 5302| 5919| 10100
Clove Branch Near Meta
06928200 v = 1958 1972 17 1] 10290111| 0.7 0.2] 044 03| 041| 077 1 1] 058 03| 006] 038 048]
Osage River Near St, —
08928500 | Thomas, Missourl 1831 1983 63 14500| 10290111| 7012| 8532| 8491| 884B| 10500) 14500| 16800| 16000| 15200 10000| 5246] 6354 10600
(Osage River Near 51,
06926500 |Thomas, Mis: . 1979 1980 2 14500| 10200111| @93 2711 2830(NA  [NA  [NIA  [NIA  [NIA |N/A 8700| 2621| 2876| 2047
Wi lia,
06927000 ‘mnmm e 1848 1971 24 257 10200111 122 81 133)  191| 245| 31| 356 402| 352| 145 55 101 213
06927200 |Biq Hollow Near Fulton Mo 1957 1972 18 4| 10300102 2 1 1 2 3 4 [ 4 4 2| 087 4 3
ad
068927600 E."‘.‘."""’: ° 1982 1982 21 404 | 10290201 130| 273| 283| 28| 358 515 489| 448) 265| 133 7 143 280
N
08928000 G"'H"i:' T 1929 1972 44 1250| 10290201 511 867| 713| 9e5| 11B4| 1580| 1778| 1858| {139| ss6| 284| 372| 984
aqmar- ch N
08928200 : mrho ™ 1958 1972 15 2| 10200201 o0.79| 071 2 1 1 2 3 3| 086] o084 018 075 1
lennldeHMrNur
06928500 |Waynesville, Missourl 1915} 1972 58 1680| 10200201| 749| 977] 1049 1323| 1580| 2113 2600| 2521| 1703 754| 84| 600| 1392
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Long Term Average Discharges for Stream Gages In Missouri (cubic feel per second)
Organized

numerically by station number

“N/A” indicates no data avalisble
(USGS data distributed by Hydrosphers, Inc.)

E slE e imfen R aEan m a aann i
R 1968 1977 10 8| 10290202 3 0 u 8 7 12 18 7 4| o087 1 3 7
Ao ag 1993 1993 1 3 ova A A Ina A jwa fwa e 12 1 1| 139 4
M Y erhr B PR on|  1em 67 560 10200202| 287| 454| 4s3| s58| e37| B38| e78| o908) 624| 305] 244| 258| 542
tieer Clovvc o e 1948 1955 8 14| 10280203 15 T 8 20 21 25 15 18 17 B 3 4 13

(CrNrRolla,Mo| 1948 1975 28 8| 10290203 3 4 4 8 71 10 9 9 8 3 2 2 5
omernag 1929 1993 B5 200| 10290203 98 131 153 148 175 225 | 250 258| 208 100 82 28 159
1883 1959 7 0| 10290203 8 5 8 8 8 8 8 8 7 7 8 -] 8

1903 1993 75 2840 10290203 1404 | 2235| 2520| 2420( 2951 3938| 4597| 4231 3103 1583 1207 1314| 2630

1922 1983 45 3180| 10290203 1707| 2374 2535 3187 4437| 5503| 5081 3937 1858| 1418 1492| 3021

1929 1983 65 524200| 10300200| 63700| 63700| 48900| 43400| 57600| 59700) 115000) 108400| 120400| 99100| €4700| 65200| 78400

1953 1958 -] 1| 10300200 023 0.01 0.01 0.25 069 077 1 1 1 2 0.1 0.683 0.85

1948 1987 20 202] 10300200 B4 0 28 82 12 205| 204 130 122 112 18 82 88

1961| 1965 2 44| 10300200) 28| 32| 30| 25| 32| es| s3] 87| s2| 39| 3@ 29 4

Nbr, 1978 1981 3 |NA 7140101 28 24 23 k] 77 177 871 47 38 41 50 23 153

T SR 1933 1993 81 97000| 7140101 | 135900 | 140000 121600 114300 141300 | 230400 | 305400 | 280300 | 259600 | 218000 | 142300 | 138300 | 186000

07010018 E’h.rorDu?ﬂEtAll-hhu 1979 1981 8 7140101 3 2 1 0.93 -] 5 13 4 4 5 2 8 5

07010044 DnLEErG‘mWIKDan.In 1870 1981 5 |N/A 7140101 5 ] 5 4 15 11 10 18 15 18 10 4 10

07010086 E‘:Drmaagand.ln 1979 1982 4 £ 7140101 49 73 30 10 43 47 104 " 69 83 44 26 53
o e Y 1979) 1982 4 [NA 7140102 4 7 2 3l 12 8| 15 2 8l 13 9 2 7

1968 1982 17 189| 7140102 36| 10| 13| 13s| 48| 07| 221| 183 83 K7 27] 32| 108
1822 1888 2 0 7140102 109 140 160 138 164 183 219 196 170 128 117 107 152
48|  ta7s 28 1| 740102] 02| 023 o03s| o48| o0s8] 077] o4 oe8| o41]| o023| 013] 03] o030
~pmessaiiiiabion 1848 1959 12 1 7140102 0.69 0.33 0.49 0.97 1 2 1 S 098 0.79 0.35 0.24 0.89
1823 1893 n 781 ?‘Iﬁﬂt 286 466 587| 568 652 870 1041 851 735 8 265 287 587
1922 1993 62 1475| 7140102]  se0 1260] 1215| 1425| 190s| 2313] 1931| 1316 724 538 558 1227|
1948 1882 35 21 7140103 9 10 14 17 2 k<] 28 0 15 8 3 5 168
1952 1971 20 0.221 7140103 0.07 0.08 0.22 0.18 0.27 0.38 0.1 0.44 0.2 0.1 0.05 0.1 0.2
Gat 1965 1893 29 135 7140103 50 156 214 138 179 230 232 185 103 39 M 57 132
u. Fver e Sod 1966 1982 17 608| 7140103| 3198 3541 2005| 9B16| 4047 3388| 4421| 4584| 4031 3260 @2173| 3487| 3740
EORNE S0 L 1921 1993 73 808| 7140103 a7 508 875 625 m 12| 1237 1100 B43 7 192 269 664
1940 1951 12 2673 7140102 1813 1800 18613| 2747| 277B| 3590| 4705| 4014| 4015| 2037 1048| 1118 2688
1965 1983 29 175 7140104 ] 208 210 256| 325 42 n 12 52 62 7 184
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Lang Term Average Disch for S

Organized numerically by station number

Gages in Missouri (cublc feet per second)

“N/A" Indicates no data available
(USGS data distributed by Hydrosphers, Inc.)

Start

Nmbr. of

l Station J Station | Dreinage [ Hydrologic ‘ Oct | Nov. . | Jan, Jun. | Jul. Aug. | Sept | Annual
Number Name Year Year Years | Area (sq. ml.) Unit Avg. | Avg. | Avg. | Avg. | Ava. l.vg vg Mg Avg. | Avg. | Avg. | Avg. | Ava.
Dry Branch Near Bonne
07017500 |Terre, Missouri 1958 1978 21 3 7140104 0.41 2 3 3 4 8 8 5 2 0.79 0.49 0.84 3
Big River Near Desoto,
07018000 [Missour 1949 1883 35 718 7140104 252 448 741 675 860 1210 1254 998 469 438 254 261 6851
Blg River Near Richwoods
07018100 1983 1983 i 735 7140104 370 1232 1309 874 1138 1281 1157 987 731 32 308 597 855
07018500 1922 1993 72 917 7140104 338 688 204 918 1103 1440 16827 1378 808 502 207 388 859
Meramec River Near Eureka,
07019000 Mo 1974 1974 1 3788 7140102 995 5377 7350 8189 7654 8432 68736 4876 |N/A N/A N/A NIA 8584
Meramec River Near Eureka,
07019000 1904 1993 75 3788 7140102 1434 2378 3070 3154 3840 5181 8148 5080 3570 1930 1178 1487 3202
Joachim Creek Al Hematite,
07019570 |Mo. 1971 1871 1 95 7140101 19 18 16 21 62 |N/A 25 58 |N/A NIA N/A N/A 28
Sandy Creek Near Pevely,
07019690 |Mo. 1968 1973 7 a3 7140104 8 11 25 13 21 28 58 32 7 3 30 18 21
07019790 _|Plattin Creek At Plattin, Mo. 1966 1973 8 66| 7140101 1" 52 Eil 55 84 83| 122 71 23 25 15 14 49
Saline Creek Near Minnith
07020270 (Mo 1980 1982 3 83 7140105 9 12 20 1 30 18 16 141 28 28 1" 8 28
Cape La Croix At Highway
07020860 |81 In Cape Girardeau Mo 1979 1982 4 12 7140105 0.73 14 13 24 23 33 25 21 1 10 3 0.73 15
Cape La Grolx At Bloomfield
07020870 |Rd In Cape Girardeau 1979 1982 4 12 7140105 4 35 56 55 57 72 112 57 8 26 9 3 41
LA T
07021000 |Castor River At Zalma, Mo 1920 1991 72 423 7140107 161 97 588 725 708 1034 1028 787 432 167 106 118 520
07033800 lBrewm! C Nr lronton, Mo. 1985 1966 2 2 8020202 0 |N/A 0.28 1 3 1 7 3 0.05 [N/A 0.11 0.5 1
St. Francis River Near
07034000 |Roselle, Mo 1987 1993 7 234 8020202 48 242 460 340 387 408 414 347 99 41 39 125 243
Litlle St. Francis River At
07035000 |Fredericidown, Mo. 1939 1993 12 91 8020202 41 198 183 134 163 212 171 172 86 19 35 28 119
Barnes Creek Near
07035500 |Fredericktown, Missourl 1956 1878 21 4 8020202 1 5 8 5 ] 9 11 B 3 1 2 2 5
St. Francis River Near Mill
07035800  |Creek, Mo 1988 1993 [ 505 8020202 74 616 1074 994 885 934 1005 868 247 79 74 223 589
i St. Francis River Near
07038100 |Saco,Mo. 1983 1993 11 664 8020202 355 1710 15673 1151 1338 1588 1390 1213 892 102 178 201 935
07037000 |Big Creek At Des Arc, Mo. 1987 1993 7 100 8020202 41 173 244 222 180 209 282 184 83 38 24 41 138
St. Francls River Near E
07037500 |Patterson, Mo 1921 1993 73 956 8020202 366 958 1326 1468 1554 2163 2314 1708 923 330 219 258 1128
Clark Creek Near Pledmont
07037700 Mo 1957 1978 20 4 8020202 0.82 4 4 5 5 9 10 7 2 2 0.99 2 4
51. Francis River At
07039500 |Wa lo, Mo. 1941 1993 53 1311 8020202 394 899 1913 2384 2290 2715 2902 2481 1357 730 393 408 1587
07040000 |81, Francis River At Fisk, Mo 1928 1941 14 1370 8020203 kYAl B45| 1228| 2552| 1695| 2163| 2598| 1965| 1438 522 293 260] 1309
Little River Ditch B1 Near
07041000 |Kennett Mo 1927 1879 53 11 8020204 T4 134 185 N3 300 320 332 261 214 135 82 72 201
Little River Ditch 1 Near
07042000 |Kennstt Mo 1927 1979 53 235 8020204 104 238 378 772 719 758 758 558 380 188 113 102 421
Lintle River Ditch 251 Near
07042500 |Lilbourn, Mo. 1948 1891 48 235| 8020204 138 257 388 461 542 537 487 481 282 207 138 122 333
07043000 [Castor River At Aquilla, Mo 1948 1982 37 175 8020204 32 i1 175 281 284 372 301 240 102 89 38 46 171
Little River Ditch No 1 Near
07043500 |Morehouse, Mo. 1946 1991 46 450 8020204 177 427 657 772 898 961 878 741 383 287 180 178 541
Litle River Ditch 251 Near
07044000 _|Kennett Mo 1927 1979 53 883| 8020204 251 448 B637| 1058| 1042 1203 1177 921 678 401 278 243 693
Little River Ditch 66 Near
07045000 |Kennett Mo 1927 1979 53 |N/A 8020204 119 258 413 636 6828 723 772 552 383 208 134 126 410
Little River Ditch 88A Near
07045500 |Kennett, Mo. 1927 1965 39 [N/A 8020204 4 22 18 123 74 20 101 66 59 10 2 0.88 48
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Long Term Average Discharges for Stream Gages In Missourl (cublc feet per sacond)

"N/A" Indicates no data avallable
Organized numerieally by station number (USGS data distributed by Hydrosphers, Inc.)
on | Station l Start Nmbr.of | Dralnage | Hydroiogic | Oct | Mov. | Dec. | Jan. | Feb, | War. | Apr. y | Jun. | Jul. 1 l Snpt. lnnun
Number Name Year \“ur Yearas | Area (sq. ml) Unit Avg. | Avg. | Avg. | Avg. | Ava. | Avg. | Avg. | Avg. | Avg. | Avg. !wn
Little River Ditch 259 Near
07046000 |Ken) 1927 1979 53 89| 8020204 20 78 121 230 208 217 212 153 a5 48 28 22 120
Hoaﬂn%eﬁhmr Spring Near
07050150 1966 1968 3 0] 11010001 19 23 32 33 45 45 45 37 29 27 28 25 32)
James River Near Strafford,
07050580 [Mo. 1974 1988 13 165] 11010002 81 219 268 129 208 332 298 185 178 60 AN 81 170
James River Near
07050700 |Springfield, Mo. 1956 1893 38 248| 11010002 108 248 317 214 264 423 408 385 204 17 41 127 237
07052000 ‘Sf‘llsnl; cga* %! sk’lm"‘c 1933 1977 12 8 01000! 8 26 24
rive In 0. 1 11010002 14 1 14 23 22 27 31 41 14 &l 49
N. F. Wilson Ck At Hwy 13
07052050 tield 1973 1977 5 5| 11010002 8 8 8 8 g 10 6 659 ] 7 8 9 57
Wilsons Creek Nr Springfield
1972 1882 1 31| 11000002 19 28 14 13 18 39 33 38 34 18 11 17 23
ald 1967 1972 8 47| 11000002 48 47 84 a7 38 45 41 39 30 23 20 7 38
Wilsons Creek Nr Battietield
07052180 Mo 1968 1882 14 55| 11010002 81 115 80 78 89 150 123 108 29 83 50 61 80
07052250 |James River Near Boaz, Mo. 1972 1981 10 462| 11010002 234 780 445 398 548 1253 930 731 468 324 147 307 545
07052500 |James River At Galena, Mo 1922 1993 72 9887| 11010002 497 837 979 897 1089 1505 1748 1583 1198 602 406 440 981
\M’!ita River Near Reeds
07053000 |Spd 1938 1952 15 3617| 11010003 1699 3658| 3J048( 4037 6425| 6538| BB57| 9232| 4478 2203 1363 1029 | 4382
White Flhrar Near Branson, —
07053500 |Mo. 1952 1982 41 4022| 11010003 1613 2795| 3860 517 3947 5330 5083| 5888 4014 3248] 2711 1899 3742
Tribwary To Middle Indian
07057350 |Creek Near Cabool, Mo 1987 1987 1 1] 11010006 1 22 0.18 0.21 2 1 0.97 0.05 0 0.04 |N/A N/A 3
Middle indian Creek Near
07087380 _|Cabool, Mo. 1987 1987 1 5| 11010008 3| o023 02| o019 8 3 3| o042] o028] 042| 04[NA 1
North Fork River Near
07057500 |Tecumseh, Mo 1945 1993 49 561 11010008 404 623 720 735 852 1055 1250 1124 778 551 415 428 743
Hodgson Mill Spring At
07057800 ISygl_mora, Mo. 1968 1968 3 0| 11010008 38 a7 41 41 43 41 45 43 41 42 39 38 41
Bryant Creek Near
07058000 |Tecumseh, Mo 1845 1985 41 570 11010008 240| 421 541 610 831 841 969 869 526 362 234 227 530
North Fork River At
07058500 1922 1944 2 1157 11010008 796 985 1074 1201 1329 1439 1944 1862 1593 780 703 835 1194
| East Fork Black River At
07061300 1960 1991 32 95| 11010007 34 165 188 108 166 236 224 154 72 19 29 34 120
Black Rhmr Nanr Near
1939 1993 55 484 | 11010007 268 815 6898 810 730 995 1152 B61 518 289 208 230 594
r, Mo 1921 1993 73 887 11010007 470 881 1009 1155 211 1492 1694 14680 1081 558 484 445 974
Black River At Poplar Blufi,
07083000 Mo 1937 1993 55 1245| 11010007 630 967| 1407| 1650 1690| 2080| 2288 1977| 1297 790 B41 604 | 1330
1957 1978 20 2| 11010008 0.1 0.3 0.19 0.21 0.18 0.24 0.33 0.48 0.19 0.15 0.08 0.19 0.22 |
1849 1978 28 8| 11010008 4 8 9 9 10 18 20 12 4 4 1 3 8
1829 1980 28 0] 11010008 25 35 42 49 53 €8 81 73 48 38 28 27 47
1993 1993 1 288 0 |NiA INIA NIA N/A N/A 438 549 233 133 102 78 1007 351
1929 1980 27 0] 11010008 92 108 122 138 148 175 200 183 141 114 97 93 134
1922 1993 72 398| 11010008 222 395 457 477 550 702 838 728 487 257 208 208 458
1921 1978 58 1272]| 11010008 803| 1160 1235| 1477| 1632 2053| 2563 2332| 1672 975 809 751 1451
1870 1971 2 0] 11010008 136 128 92 145 159 13 101 112 88 75 74 83 105
1921 1983 73 1867 | 11010008 1072 1655 1924 2014 2218 2780 3397 3023 2113 1312 1089 1026 1963
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Long Term Average Discharges for Stream Gages in Missour| (cublc leet per secand)
Organized numerlcally by station number

"N/A” Indicates no data avallable
(USGS data distributed by Hydrosphere, Inc.)

on 1 Station | Btart ‘ End | Nmbr. of J Dralnage | Hydrologic | Oct | Nov. | Dec. | dJan, | Feb. | Mar. | Apr. | Way ‘ Jun, | Jul. l Aug. | Sept l Annual
Number Name Year Year Years | Area (sq. ml) Unit Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. | Avg. Avg. Ava. Ava.
ig Spring Near Van Buren
1922 1993 72 100| 11010008 3 384 413 441 483 521 577 559 483 412 375 349 443
Current River At
A 1921 1983 73 2038| 11010008 1621 2313 2719 2803 | 3087 3810| 4e05]| 4102 2972 1968 1877 1678 2772
Middle Fork L Black R At
07088250 |Grandin Mo 1981 1984 4 7| 11010008 0.33 8 29 13 4 9 10 i0 1 0.15 8 3 8
Morth Prong L Black R Nr
07068300 |Grandin Mo 1}9_30 1984 5 39| 11010008 7 42 141 80 35 43 50 39 10 8 20 7 v
Little Black River Nr Grandin
07068380 1980 1984 5 80| 11010008 25 87 275 131 84 87 120 109 31 14 81 18 83
Little Black River Below
07068510 |Falrdealing,Mo. 1980 1988 7 194 11010008 105 313 559 252 02 332 a7z 299 118 56 94 48 229
07068540 n Creek At Oxly Mo 1980 1984 5 38| 11010008 5 7 108 62 45 43 84 50 13 8 20 4 37
Fourche River Near Poynor,
07068863  |Mo. 1978 1984 9 87| 11010009 21 70 225 88 128 252 184 111 72 38 32 18 103
Kings Creek Near Willow
07070000 Sangs Mo 1955 1967 13 5| 11010011 0.17 0.24 0.22 0.356 0.61 0.83 1 2 0.31 0.48 0.08 0.05 0.8
Eleven Paint River Near
07070500 |Thomasville, Mo 1951 1977 27 361] 11010011 26 85 90 88 113 164 243 193 93 57 29 25 100
07071000 |Greer Spring At Greer Mo 1922 1983 71 100| 11010011 255 280 304 330 45 391 445 445 403 335 285 267 koA
Eleven Point River Near
07071500 |Bardiay, Mo 1922 1993 72 793| 11010011 47 566 716 802 B40D 1058 1318 1155 897 B11 487 43 774
07185500 |Stahl Creek Near Miller Mo 1850 1977 28 4| 11070207 3 4 2 2 3 5 4 4 4 2 0.58 1 3
’Sfring River At Larussell,
07185700 |Mo. 1857 1982 28 3068| 11070207 163 271 212 184 228 385 368 393 358 205 113 142 251
07185765 ring River At Carhi Mo 1967 1981 15 425( 11070207 225 501 389 331 429 701 545 483 438 273 136 230 389
07186000 River Near Waco, Mo 1924 1993 70 1164 | 11070207 852 01 727 705 914 1217 1415 1474 1389 710 457 599 929
|Center Creek Near
07186400 |Canterville, Mo 1982 1991 a0 232| 11070207 113 258 223 181 218 354 333 272 230 122 63 104 205
0?136500 '|Turkey Creek At Joplin, Mo 1933 1939 7 33| 11070207 17 11 13 18 11 17 19 28 4 8 5 9 18
Turkey Creek Near Joplin,
07186600 |Mo 1964 1973 10 42| 11070207 34 40 30 30 R 40 80 47 58 27 23 7 38
Shoal Creek Above Joplin,
07187000 issour 1942 1993 52 427| 11070207 286 394 380 322 381 552 652 701 555 352 221 260 419
07187500 |Shoal C Nr Joplin Mo 1924 1941 18 458 11070207 265 228 280 319 kxA 339 895 575 754 321 357 307 400
07188500 |Lost Creek Al Seneca, Mo 1949 1959 1 42| 11070208 15 14 10 18 28 38 41 57 48 kL 21 19 28
07189000 |Elk River Near Tiff City, Mo 1940 1984 55 B72| 11070208 437 727 787 879 868 1346 1665 1551 947 487 273 303 B41
3843010904 |Estavelle At Busch Wildlite
At Weldon Spring, Mo 1987 1987 1 0 0 0.42 0.14 0.33 0.37 0.23 0.56 0.32 |NIA N/A 0.14 0.01 {N/A 0.24
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APPENDIX 6
STREAM GAGE LOCATIONS

Northwestern Missouri
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Water Use of Missouri

Northeastern Missouri
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Westcentral Missouri
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Water Use of Missouri

Southwestern Missouri
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Southeastern Region
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Water Use of Missouri

Bootheel Region
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Appendix 7

APPENDIX 7
A e e o D gy e ey e e T ey e S .,

LOSING STREAM REACHESIDENTIFIEDINMISSOURI
(BY COUNTY)

NOTE: A stream reach not appearing on this list has not necessarily been determined to be
“gaining.” Many stream reaches have not been surveyed for losing characteristics.
(Source: DNR Losing Stream Reaches Database)

STREAM LOSING
REACH
LENGTH
(MILES)
Barry
Browning Hollow
Calls Hollow
Calton Cr.
Capps Cr.
Clear Cr.
Dodge Hollow
Dog Hollow
Dry Hollow
Flat Cr
Gunter Hollow
Hudson Cr.
Joyce Cr.
Kelly Cr.
L.HatCr.
Ledgerwood Hollow
Poque Cr.
Prairie Run Hollow
S. Indian Cr.
Spring R.
Todd Hollow
Trib. to Capps Cr.
Trib. to Clear Cr.
Trib. to Dodge Hollow
Trib. to Flat Cr.
Trib. to Gunter Hollow
Trib. to Hudson Cr.
Trib. to Joyce Cr. :
Trib. to L. Crane Cr. 14.
Trib. to L. Flat Cr.

o (o2} o)

[ . - -
AOITOWNDNUUIWOUOIOOTANOITWNWWPRoOoOoaNW

W WwN
g1 o 01 01
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NUMBER
OF
LOSING
REACHES

H
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STREAM LOSNG
REACH

LENGTH

(MILES)

Trib. to Mill Cr. 1
Trib. to Poque Cr. 4
Trib. to Prairie Run H 15
Trib. to Woodward Cr. 15
Trib. to Zerbert Br. 2
Woodward Cr. 3
Zerbert Branch 4

Boone
BassCr. 0.5
Bonne Femme Cr. 4
Fox Hollow Br. 15
Slate Cr. 15
Trib. to Bonne Femme C 15
Trib. to Clear Cr. 1
Trib. to Fowler Cr. 15
Trib. to Gans Cr. 1
Trib. to Jamerson Cr. 2
Trib. to L. Bonne Femm 1
Butler Cane Cr. 5
Callaway
Trib. to Missouri R. 1
Camden

Conns Cr. 35
Deberry Cr. 2
Forbes Br. 2.5
Libby Hollow 2
Mill Cr. 45
Murphy Cr. 1
Prairie Hollow 2

Racetrack Hollow 95

NUMBER
OF
LOSING
REACHES
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N NRRPRRPRRRERRRERPRE

NRPRRPRRRPRRREPR
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Water Use of Missouri

STREAM LOSING NUMBER
REACH
LENGTH
(MILES)
Trib. to Linn Cr. 1
Trib. to Racetrack Hol 1.8

Carter
Bear Spring Hollow 1
Big Barren Cr. 17.5
Big Brushy Cr. 35
Buchanan Valley 4
Carter Cr. 7
L. Pike Cr. 5
Middle Brushy Cr. 35
Middle Fk. 3
Right Fk. 2
Sweezie Hollow 0.5
Trib. to S. Fk. Big Br 2
Cedar
Trib. to Snag Br. 05
Christian

Carter Hollow 3
Drainage to sinkhole 2
Dry Crane Cr. 5
Elk Valley 55
Farmer Br. 2
Finley Cr. 35
Garrison Br. 0.7
Green Valley Cr. 4.5
Hog Cr. 2
Luce Br. 25
McCafferty Hollow 15
McCullah Hollow 7
Pedelo Cr. 0.5
Richwood Br. 0.5
Saunders Valley 15
Silver Lake Br. 2
Spout Spring Hollow 15
Spring Cr. 4
Squaw Run Cr. 35
Terrell Cr. 7.5
Tory Cr. 3
Trib. to Big Hollow 15
Trib. to E. Prong Goff 35
Trib. to Elk Valley 20.4
Trib. to Farmer Br. 1
Trib. to Finley Cr. 14.2
Trib. to Green Valley 7.5

Trib. to Hog Cr. 6.5
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STREAM LOSNG NUMBER
REACH
LENGTH
(MILES)
Trib. to Hunt Br. 1
Trib. to James R. 28.5
Trib. to Luce Br. 35
Trib. to McCafferty Ho 35
Trib. to McCullah Holl 2
Trib. to Mooney Hollow 0.5
Trib. to Parched Corn 2
Trib. to Parched Corn 7
Trib. to Pickerel Cr. 1.5
Trib. to Richwood Br. 1
Trib. to Spout Spring 15
Trib. to Spring Cr. 5
Trib. to Squaw Run Cr. 25
Trib. to Terrell Cr. 0.3
Trib. to W. Prong Goff 4
Trib. to Wilson Cr. 1
Trib. to sink to James 35
Trib.to Dry Crane Cr. 2
Turnback Cr. 10
Wolfden Cr. 1
Woods Fk. 2
Cooper
Trib. to Clarks Fk. 15
Crawford
Black Jack Cr. 45
Cherry Valley 8
Dry Cr. 11.5
Trib. to Cherry Valley 2
Trib. to Yadkin Cr. 4
Whittenburg Cr. 4
Dade
Sinking Cr. 25
Dallas
Fourmile Cr. 0.5
Dent
Barren Fk. 9
BigCr. 25
Black Oak Cr. 2
Dry Br. 3
Dry Fk. 27
Dry Valley Cr. 7
Finn Br. 45
Gladden Cr. 11
Gorden Hollow 2
Hodge Cr. 25

REACHES
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STREAM

REACH
LENGTH
(MILES)
Horse Cr. 5
Hyer Br. 1
L. Sinking Cr. 2
Meramec R. 8
Minning Haw Hollow 15
Norman Cr. 15
Orchard Mill Hollow 2
Pankey Br. 3
Pigeon Cr. 9
Rocky Pond Hollow 5
Roney Hollow 2
Standing Rock Cr. 5
Stone Hill Br. 4
Stringer Br. 2
Trib. to Dry Br. 35
Trib. to Dry Fk. 2
Trib. to Simmons Br. 1
Trib. to Spring Cr. 1

Douglas
Browning Hollow 25
Brush Cr. 4
Bryant Cr. 8
Clifty Cr. 55
Prairie Cr. 25
Smith Hollow 4
Spring Cr. 12
Trib. to Prairie Cr. 0.8

Franklin
Dry Cr. 15
Dry Cr. and trib. 1
Iron Hollow 2
Lollar Br. 1
Trib. to Boone Cr. 2
Trib. to Bourbeuse R. 0.8
Trib. to Dry Cr. 35
Trib. to Fiddle Cr. 1
Winsel Cr. 7

Greene
Asher Cr. 0.5
Big Hollow 0.5
Broad Cr. 2
Davis Cr. 12
Drainage to sinkhole 3
Dry Br. 5
Fassnight Cr. 2

LOSING NUMBER

OF
LOSING
REACHES

PRRPRRPRPRRPRNRPRRPRREPRERRE
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STREAM LOSNG
REACH
LENGTH
(MILES)
Hunt Br. and Farmer Br 5
Jordan Cr. 2
McElhaney Br. 2
Mooney Hollow 35
Mt. Pleasant Br. 2
Parched Corn Hollow 3
Pearson Cr. 1
Pickerel Cr. 8
Pond Cr. 35
Rainer Br. 2
S. Dry Sac R. 6
SacR. 5
Sawyer Cr. 1
Shuyler Cr. 35
South Cr. 25
Spring Cr. and trib. 2
Sugar Cr. 15
Trib. to Broad Cr. 2
Trib. to Farmer Br. 1
Trib. to Hunt Br. 45
Trib. to James R. 24.9
Trib. to Jones Br. 1
Trib. to Jordan Cr. 2
Trib.to L. Sac R. 0.5
Trib. to Pearson Cr. 14.4
Trib. to Pickerel Cr. 2
Trib. to Sac R. 2
Trib. to Shuyler Cr. 25
Trib. to Turkey Cr. 0.2
Trib. to Turner Cr. 2
Trib. to Ward Br. 35
Trib. to Wilson Cr. 22.7
Trib. to Workman Br. 1
Turner Cr. 4
Unnamed perched stream 0.5
Ward Br. 4
Wilson Cr. 7
Workman Br. 0.5
Howell
Bay Cr. 25
Bennetts R. 6
Big Greasy Cr. 3
Chapin Br. 3
Crooked Br. 5
Davis Cr. 2
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Water Use of Missouri

STREAM LOSNG NUMBER
REACH OF

LENGTH LOSNG

(MILES) REACHES

Dry Cr. 14 2
Eleven Point R. 32 1
Elk Cr. 4 1
Galloway Cr. and trib. 0.5 1
Gunters Valley 8 1
Horton Hollow 2 1
Howell Cr. 16 1
Jam Up Cr. 5 1
Kenaga Hollow 8 1
Kenyon Hollow 25 1
L. Greasy Cr. 5 1
Lee Hollow 6 1
LittleCr. 9 1
Lost Camp Cr. 12 1
Middle Fk. 10 1
Moss Hollow 4 1
Mustion Cr. 55 2
Myaitt Cr. 13 1
N. Fk. Dry Cr. 35 1
Ray Br. 2.5 1
Spradlin Cr. 3 1
Spring Cr. 15.5 2
Tabor Cr. 15 2
Trib. to Dry Cr. 7 1
Trib. to Eleven Point 2.5 1
Trib. to Little Cr. 2 1
Trib. to Lost Camp Cr. 8 2
Trib. to Spring Cr. 4 1
Trib. to Tabor Cr. 2 1

Jackson
Trib. to Blue Br. 0.2 1
Jasper

Fidelity Br. 4 2
Grove Cr. 1 1
Short Cr. 15 1
Spring Br. 3 1
Trib. to Center Cr. 45 2
Trib. to Jenkins Cr. 1 1
Jefferson Antire Cr. 2 1
Bear Cr. 2 1
Bourne Cr. 2 1
Buck Cr. 15 1
Dulin Cr. 1 1
Glaize Cr. 7.5 2
Haverstick Cr. 1 1
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STREAM LOSNG NUMBER
REACH OF

LENGTH LOSNG

(MILES) REACHES

Heads Cr. 5 1
Hocum Hollow 1 1
Isum Cr. 1 1
L. AntireCr. 4 2
McMullen Br. 15 1
Moss Hollow 2 1
Murril Br. 0.5 1
Prairie Hollow 2.5 1
Rock Cr. 1.2 1
Romaine Cr. 2 1
Scullbones Cr. 1 1
Trib. to Black Cr. 0.5 1
Trib. to Glaize Cr. 57 6
Trib. to Heads Cr. 3 3
Trib. to Hocum Hollow 15 1
Trib. to Meramec R. 15 2
Trib. to Mississippi R 2 2
Trib. to Moss Hollow 2 3
Trib. to Sandy Cr. 35 4
Williams Cr. 6.5 2

L aclede
Bear Cr. 15 1
Bennett Spring Cr. 10.8 1
Dog Wood Cr. 25 1
Dousinbury Cr. 35 2
Dry Auglaize Cr. 25 1
Gasconade R. 26 1
Goodwin Hollow 20 1
Mill Cr. 55 2
Mountain Cr. 55 1
N. Cobb Cr. 14.5 3
Osage Fork 6 1
Pig Pen Hollow 1 1
Steins Cr. 2 1
Trib. to N. Cobb Cr. 25 1
Trib. to Woodward Holl 3.8 1
Woodward Hollow 6.8 1
Woolsey Cr. 10 1
L awrence

Browning Hollow 4 1
Douger Br. 2 1
Dry Hollow 10 2
Goose Cr. 3 1
Hemphill Br. 4.5 3
Hewlett Br. 4 1



STREAM LOSNG
REACH
LENGTH
(MILES)
Hickory Hollow 3
Hillhouse Br. 3
Honey Cr. 9
Pruitt Br. 25
Trib. to Clear Cr. 3
Trib. to Crane Cr. 1.3
Trib. to Goose Cr. 2
Trib. to Hemphill Br. 4.5
Trib. to Hickory Hollo 0.5
Trib. to Honey Cr. 9
Trib. to L. Crane Cr. 0.2
Trib. to Spring R. 8.5
Trib. to Stahl Cr. 0.8
Maries
Dry Fk. 11
KleinBr. 0.8
Mc Donald
Bear Cr. 3
Beaver Br. 35
Big Sugar Cr. 1
Cave Spring Br. 1
Missouri Cr. 4
Sugar Fk. 15
Trib. to EIK R. 1
Trib. to Indian Cr. 15
Yarnell Br. 2
Newton
Buffalo Cr. 4
Bullskin Cr. 2
Elm Spring Br. 4
Fivemile Cr. 1
Jones Cr. 2.5
L.LostCr. 4
Lost Cr. 2
Middle Indian Cr. 2
Rock Br. 2
Spring Cr. 15
Thurman Cr. 3
Trib. to Hickory Cr. 2
Unnamed trib. 6
Oregon
Bussell Br. 5
Dry Cr. 9
Dry Prong 2

NUMBER
OF
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STREAM LOSNG
REACH
LENGTH
(MILES)
English Cr. 25
Frederick Cr. 26.5
Freeman Hollow 3
Greenbriar Hollow 4
L. Hurricane Cr. 45
Piney Cr. 15
Rover Br. 4
School House Hollow 3
Sitton Valley 4
Spring R. 2
Trib. to Bussell Cr. 15
Unnamed trib. 15
Warm Fork 6
Water Br. 2
Watered Fork 4
Whites Cr. 7
Osage
Elk Cr. 4
Owens Cr. 7
Pointers Cr. 3
Unnamed trib. 6
Ozark
Gardner Hollow 4
Smith Hollow 2
South Fk. 55
Thompson Hollow 3
Turkey Cr. 11
Unnamed trib. 9
Perry
Trib. to Blue Spring B 1
Unnamed trib. 3
Phelps
Bradford Br. 2
Corn Cr. 8
Deep Hollow 3
Hardester Hollow 2
L. Piney Cr. 10
Mill Cr. 15
Unnamed trib. 2
Pike
Peno Cr. 1
Pulaski
Burchard Hollow 15
Collie Hollow 7
Dry Br. 4
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Water Use of Missouri

STREAM LOSNG
REACH

LENGTH

(MILES)

Gillis Hollow 1
Roubidoux Cr. 17
Round Pound Hollow 3
Sawmill Hollow 3
Smith Br. 9
Trib. to Big Piney R. 2
Trib. to Gasconade R. 1
Unnamed trib. 4
Weeks Hollow 5
Y ork Hollow 25

Ralls
Jug Run 15
Reynolds
Bee Fk. 8
BigCr. 35
Dickens Valley 10
Dry Valey 10
Ellington Hollow 2
Harrison Valley 5
Kitchell Cr. 2
Logan Cr. 21
Sinking Cr. 14
SmallsCr. 15
Tom'sCr. 55
TomsCr. 1
Unnamed trib. 1
W. Fk. Huzzah Cr. 4
Ripley
L. Barren Cr. 12
N. Fk. Buffalo Cr. 5
Shannon
Bee Fork Cr. 7
Birch Cr. 13
Black Valley Cr. 6
Hurricane Cr. 15
Johnny Hollow 1
L. Hurricane Cr. 45
Pike Cr. 24
Pine Hollow 2
Spring Cr. 18
Sycamore Cr. 6
Unnamed trib. 8.5
Young Hollow 35
St. Charles
Callaway Fk. 35
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STREAM LOSNG
REACH

LENGTH

(MILES)

L. Femme Osage Cr. 0.5
Schote Cr. 1
Trib. to Callaway Cr. 4.5
Trib. to Dardenne Cr. 1
Trib. to Kraut Run 0.5
Trib. to L. Femme Osag 4.5
Trib. to Missouri R. 5
Trib. to Schote Cr. 0.7
Unnamed trib. 1

St. Francois
Trib. toBig R. 0.2
St. Louis

Bonhomme Cr. 0.7
Caulks Cr. 35
Fishpot Cr. 10
Hamilton Cr. 1
Keifer Cr. 3
Trib. to Bonhomme Cr. 2
Trib. to Caulks Cr. 1
Trib. to Fishpot Cr. 2
Trib. to Fox Cr. 2
Trib. to Hamilton Cr. 1
Trib. to Keifer Cr. 1
Trib. to Mississippi R 0.2
Trib. to Wildhorse Cr. 0.5

Ste. Genevieve

Anderson Hollow 3
S. Fk. Saline Cr. 5
Stone
Cave Spring Hollow 15
Crane Cr. 0.5
Devil Den Hollow 15
Dodge Hollow 15
Hilton Hollow 15
Horse Cr. 2
Indian Cr. 15
John Hollow 2
L. CraneCr. 15
L. John Hollow 15
McCord Br. 6
Old Stillhouse Hollow 1
Pine Run 3
Rickman Spring Hollow 15
Right Hand Hollow 1
Schooner Cr. 0.5
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STREAM
REACH
LENGTH
(MILES)
Smith Brown Hollow 2
Trib. to Crane Cr. 7.5
Trib. to Hilton Hollow 35
Trib. to Horse Cr. 0.5
Trib. to McCord Cr. 2.3
Trib. to McCullah Holl 25
Trib. to Old Stillhous 0.5
Trib. to Railey Cr. 9.3
Trib. to Spring Cr. 9
Trib. to W. Prong Goff 4
Trib. to Wheeler Br. 1
Unnamed Trib. 15
Unnamed trib. 4.8
W. Prong Goff Cr. 35
Wheeler Br. 2
Wilson Run 2.5
Taney
Trib. to Silver Cr. 0.5
Trib. to Swan Cr. 1
Texas
B. Paddy Cr. 3
Ball Ridge Cr. 55
BigCr. 13
Brushy Cr. 25
Castro Valley 8
Dry Bone Cr. 1
Kelly Hollow 3
L. Paddy Cr. 15
Mooney Br. 2
Musgrave Hollow 1
S. Ashley Cr. 6
Spring Cr. 19
Spring Valley 29
Trib. to Piney Cr. 15
Van Zant Cr. 2.5
Warren
Trib. to N.Fk. Charret 0.5
Wayne
Barren Fk. 3
Otter Cr. 16
Pleasant Valley 25
Smoot Hollow 4
Unnamed Trib. 3

LOSING NUMBER

OF
LOSING
REACHES
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STREAM
REACH
LENGTH
(MILES)

Webster
Burks Hollow 2.5
Compton Br. 15
Davis Br. 5
Dry Cr. 0.5
Dry Fk. Panther Cr. 25
Greasy Cr. 0.5
L. Finley Cr. 0.5
Norman Br. 2
Panther Cr. 1
Peck Hollow 2.5
Pedelo Cr. 7.5
Sawyer Cr. 2
Terrel Br. 2
Trib. to Compton Br. 0.5
Trib. to Cry Fk. Panth 0.5
Trib. to Davis Br. 2.5
Trib. to Davis Cr. 1
Trib. to Dry Cr. 35
Trib. to Dry Fk. Panth 55
Trib. to Finley Cr. 0.3
Trib. to James River 2.8
Trib. to L. Finley Cr. 15
Trib. to N. Carolina Cr. 6
Trib. to Norman Br. 2
Trib. to Osage Fk. 1
Trib. to Panther Cr. 2
Trib. to Peck Hollow 1
Trib. to Pedelo Cr. 6
Trib. to Sawyer Cr. 5
Trib. to W. Wildcat Cr 1
Trib. to White Oak Hol 25
Unnamed Trib. 3
W. Wildcat Cr. 4
White Oak Cr. 1
White Oak Hollow 1
Wright

Dry Cr. 7.5
Elk Cr. 45
Fox Cr. 24
Fry Cr. and Wolf Cr. 3
Prairie Hollow Cr. 5
Steins Cr. 8
Unnamed Trib. 3
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MISSOURI RIVERWATERBORNECOMMODITY TRANSPORT

-_— o e —_ - -_ -_

MISSOURI RIVER,FORTBENTON,MONTANATOTHEMOUTH (CONSOL IDATEDREPORT)
Section Included: Fort Benton, Montana, to the mouth of the Missouri River, 2073.2 miles.

Freight Traffic, 1994 (thousand tons)
(Source: U.S. Army Corps of Engineers, Water Resources Support Center, Waterborne Commerce of the United
States, Calendar Year 1994 Part 2 - Waterways and Harbors Gulf Coast, Mississippi River System and Antilles,

WRSC-WCUS-%4-2.)
Commodity Grand Total
TOTAL,ALLCOMMODITIES 8,501
TOTAL PETROLEUM ANDPETROLEUM PRODUCTS 349
Subtotal petroleum products 349
2340 asphalt, tar & pitch 349
TOTAL CHEMICALSANDRELATEDPRODUCTS 600
Subtotal fertilizers 565
3110 nitrogenous fert. 277
3120 phosphatic fert. 11
3130 potassic fert. 44
3190 fert. & mixes not elsewhere classified 232
Subtotal other chemicals and related products 35
3220 alcohols 9
3273 ammonia 5
3274 sodium hydroxide 19
3275 inorg. elem., oxides, & haogen salts 1
TOTAL CRUDEMATERIALS,INEDIBLEEXCEPTFUELS 6,750
Subtotal soil, sand, gravel, rock and stone 6,702

4331 sand & gravel 6,144
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4335 waterway improvement material

4338 soil & fill dirt
Subtotal iron ore and scrap

4410 iron ore
Subtotal marine shells

4515 marine shells
Subtotal non-ferrous ores and scrap

4670 manganese ore
Subtotal sulphur, clay, and salt

4782 clay & refrac. mat.

Subtotal other non-metal. min.

4900 non-metal. min. not elsewhere classified
TOTAL PRIMARY MANUFACTURED GOODS
Subtotal lime, cement and glass

5220 cement & concrete
Subtotal primary wood products

5540 primary wood prod.

TOTAL FOODANDFARM PRODUCTS
Subtotal grain

6241 wheat

6344 corn

6447 sorghum grains
Subtotal oilseeds

6522 soybeans

6590 oilseeds not elsewhere classified
Subtotal processed grain and animal feed

6782 animal feed, prep.

Subtotal other agricultural products

6865 molasses

Appendix 8

557
1
17
17

A A W W P

22
22
248
230
230

553
327
120
61
146
161
152
9
50
50
14
14

TOTALALL MANUFACTUREDEQUIPMENT,MACHINERY ANDPRODUCTS 2

7500 textile products

2
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MISSOURI RIVER,FORTBENTON,MONTANATOTHEMOUTH (CONSOL IDATEDREPORT)
Section Included: Fort Benton, Montana, to the mouth of the Missouri River, 2073.2 miles.

Comparative Statement of Traffic
(thousand tons)

Y ear Total Y ear Total
1985 6,471 1990 5,841
1986 6,991 1991 5,729
1987 6,736 1992 5,783
1988 6,681 1993 5,631
1989 5,352 1994 8,501
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MI1SSI SSIPPI RIVERWATERBORNE COMMODITY TRANSPORT

MISSISSIPPI RIVER,MINNEAPOLIS MINNESOTATOMOUTH OF PASSES

(CONSOLIDATEDREPORT)

Freight Traffic, 1994 (thousand tons)

(* These numbers do not add up in the source document; possibly because of significant digits and rounding.)
(Source: U.S. Army Corps of Engineers, Water Resources Support Center, Waterborne Commerce of the United
States, Cdendar Year 1994 Part 2 - Waterways and Harbors Gulf Coast, Mississippi River System and Antilles,

WRSC-WCUS-94-2)
Commodity Grand Total
TOTAL,ALLCOMMODITIES 496,823
TOTAL COAL 65,360
coa lignite 60,813
coal coke 4,547
TOTAL PETROLEUM ANDPETROLEUM PRODUCTS 139,431
Subtotal crude petroleum 61,110
crude petroleum 61,110
Subtotal petroleum products 78,322*
gasoline 19,819
kerosene 388
distillate fuel oil 12,326
residual fuel oil 19,578
lube oil and greases 3,974
petroleum jelly and waxes 58
naphtha and solvents 6,077
asphalt, tar and pitch 6,839
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petroleum coke

liquid natural gas

petroleum products not elsewhere class.
TOTAL CHEMICALSANDRELATEDPRODUCTS
Subtotal fertilizers

nitrogenous fertilizers

phosphatic fertilizers

potassic fertilizers

fertilizer & mixes nec
Subtotal other chemicals and related products

acyclic hydrocarbons

benzene & tolulene

other hydrocarbons

alcohols

carboxylic acids

nitrogen func. compounds

organo- inorganic compounds

organic compounds not elsewhere classified

sulphur (liquid)

sulphuric acid

ammonia

sodium hydroxide

inorg. elem., oxides, & halogen salts

metallic salts

inorganic chemicals not elsewhere class.

radioactive material

pigments & paints

coloring materials not elsewhere class.

medicines

perfumes & cleaners

5,058

3,408

798
48,612
17,072*
7,588
778
2,410
6,297
31,539
826
2,560
6,233
4,344
411
610
24
942
5,468
835
2,264
4,058
1,247
574
123

10
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plastics 71
pesticides 5
starches, gluten, glue 15
chemical additives 413
wood & resin chemicals 14
chemical products not elsewhere classified 472
TOTAL CRUDEMATERIALS,INEDIBLEEXCEPT FUELS 63,497
Subtotal forest products, wood and chips 1,377
rubber & gums 373
fuel wood 1
wood chips 329
wood in the rough 533
lumber 126
forest products not elsewhere classified 15
Subtotal pulp and waste paper 555
pulp & waste paper 555
Subtotal soil, sand, gravel, rock and stone 32,973
building stone 22
l[imestone 8,014
gypsum 535
phoshpate rock 6,077
sand & gravel 9,779
waterway improvement materials 8,523
soil & fill dirt 22
Subtotal iron ore and scrap 9, 115
iron ore 5,168
iron & steel scrap 3,947
Subtotal marine shells 79

marine shells 79
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Subtotal non-ferrous ores and scrap

copper ore

aluminum ore

manganese ore

non-ferrous scrap

non-ferrous ores nec
Subtotal sulphur, clay and salt

sulphur, (dry)

clay & refrac. materials
Subtotal slag

slag
Subtotal other non-metallic minerals

non-metallic minerals not elsewhere class.
TOTAL primary manufactured goods
Subtotal paper products

newsprint

paper & paperboard

paper products not elsewhere classified
Subtotal lime, cement, glass

lime

cement & concrete

glass & glass products

miscellaneous mineral products
Subtotal primary iron and steel products

pig iron

ferro aloys

iron and steel primary forms

iron and steel plates & sheets

iron and steel bars & shapes

iron and steel pipe & tube

primary i&s not elsewhere classified

9,421*
38
7,928
669
294
493
499

498
782
782

8,696
8,696
32,908
607
86

478

7,936
326
7,479
18
113
21,066
5,872
2,175
5,455
4,467
1,215
679
1,202



Subtotal primary non-ferrous metal products
copper
aluminum
smelted products not elsewhere classified
fab. metal products
Subtotal primary wood products
primary wood products
TOTAL FOODANDFARM PRODUCTS
Subtotal fish
fish (not shellfish)
shellfish
Subtotal grain
wheat
corn
rice
barley & rye
oats
sorghum grains
Subtotal oilseeds
soybeans
oilseeds not elsewhere classified
Subtotal vegetable products
vegetables & products
vegetable oils
Subtotal processed grain and animal feed
wheat flour
grain mill products
hay & fodder
animal feed, prep.
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2,960*
171
1,235
179
1,373
339
339
145,899*
51*

11

39
84,525*
13,535
61,965
2,630
217
1,333
4,846
33,883
31,440
2,443
2,936*
2,850
87
21,741
57

410

31
21,243
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Subtotal other agricultural products

meat, fresh, frozen
meat, prepared
dairy products
fish, prepared

tallow, animal oils

animals and products not elsewhere classified

fruit & nuts not elsewhere classified
fruit juices
sugar

mol asses
coffee

cocoa beans
alcoholic beverages
groceries

water and ice

food products nec
tobacco & products

cotton

natural fibers not elsewhere classified
farm products not elsewhere classified

TOTALALLMANUFACTUREDEQUIPMENT MACHINERY ANDPRODUCTS

machinery (not electric)
electrical machinery
vehicles and parts

aircraft and parts

ships and boats

ordnance & accessories
manufactured wood products

textile products

2,761
35

10

165

1,017
790

153

229
279

29

28
925
476
12
33

17
10
22
143
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rubber and plastic products 137

empty containers 1
manufactured prod not elsewhere classified 73
TOTAL WASTEAND SCRAPNOT ELSEWHERECLASS 173
waste and scrap not elsewhere classified 173
TOTAL UNKNOWNORNOT ELSEWHERECLASSIFIED 18
unknown or not elsewhere classified 18
1,920,805

MISSISSIPPI RIVER,MINNEAPOLIS MINNESOTATOMOUTH OFPASSES
(CONSOLIDATEDREPORT)

Comparative Statement of Traffic
(thousand tons)

Y ear Total Y ear Total

1985 383,964 1990 475,276
1986 399,944 1991 471,741
1987 425,005 1992 491,006
1988 441 546 1993 475,112
1989 462,736 1994 496,823
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AQUATICFAUNAL COMMUNITY CLASSESOFMISSOURI

note: endangered species are shown in italics
(Source: Aquatic Community Classification System for Missouri, Missouri Department of Conservation.)

I. BIGRIVER
flood plains; 2-10 miles wide
channel gradient; less than 9/10 feet per mile
channel prattern; historically braided
flow regimen; continuous strong flow,
one or more flood events
per year
substrates; silt, sand, gravel
characteristic fish species;
silver lamprey, lake sturgeon, pallid stur-
geon, aligator gar, threadfin shad, burbot,
yellow bass, striped mullet, spottail shin-
er, silverband shiner, sturgeon chub, and
sicklefin chub

typical fish species;
chestnut lamprey, shovelnose sturgeon,
skipjack herring, goldeye, blue sucker,
blue catfish, white bass, sauger, freshwa
ter drum, flathead chub, silver chub, em-
erald shiner, river shiner, channel mimic
shiner, and speckled chub

other typical species;
aligator snapping turtle, Mississippi map
turtle, common snapping turtle and spiny
softshell turtle

II. LOWLANDFAUNAL REGION

flood plains; most of region at vari-
ous geologic times has
been flood plain creat-

ing extensive wetlands
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channel gradient; generally less than one
foot per mile
extensive drainage
ditch system of relative-

ly straight channels

channel prattern;

flow regimen; well-sustained base
flows
substrates; drainage ditches and

streams contain mostly
sand and gravel, wet-
lands contain mostly

silt and organic debris

characteristic fish species;

spotted gar, brown bullhead, cypress min-
now, ironcolor shiner, ribbon shiner, tail-
light shiner, Sabine shiner, weed shiner,
blacktail shiner, pugnose minnow, lake
chubsucker, spring cavefish, pirate perch,
starhead topminnow, flier, banded pygmy
sunfish, bantam sunfish, swamp darter,
harlequin darter, goldstripe darter, cy-
press darter, saddleback darter, and dusky
darter

typical fish species;
spotted sunfish, warmouth, bullhead min-
now, mosquitofish, tadpole madtom, crys-
tal darter, mud darter, bluntnose darter,
and slough darter

characteristic amphibian and reptile species;
mole salamander, three-toed amphiuma,
green tree frog, lllinois chorus frog, up-
land chorus frog, bronze frog, Mississippi



mud turtle, southern painted turtle, west-
ern chicken turtle, western mud shake,
green water snake, and broad-banded
water snake

characteristic crayfish;
dwarf crayfish, eastern digging crayfish,
shield crayfish, shrimp crayfish, gray-speck-
led crayfish, red swamp crayfish, and ver-
nal crayfish

characteristic mussel species,
Plectomerus dombeyana
I11. OZARK FAUNAL REGION
tend to be narrow with

in steep valleys where
local relief often exceeds

flood plains

300 feet

channel gradient; high, often exceeding
3 feet per mile

flow regimen; base flows maintained
by springs

substrates; coarse gravel, rubble,

boulders, and bedrock

characteristic fish species;
chain pickerel, river redhorse, rock bass,
Ozark bass, credear sunfish, largescale
stoneroller, silverjaw minow, bigeye chub,
redspot chub, bluntface shiner, cardinal
shiner, whitetail shiner, wedgespot shiner,
Ozark minnow, Ozark shiner, duskystripe
shiner, telescope shiner, spotfin shiner,
steelcolor shiner, bleeding shiner, south-
ern redbelly dace, eastern slim minnow,
creek chubsucker, Ozark cavefish, south-
ern cavefish, northern studfish, plains top-
minnow, northern brook lamprey, south-
ern brook lamprey, least brook lamprey,
American brook lamprey, streamline chub,
Ozark madtom, mountain madtom, check-
ered madtom, Neosho madtom, greenside
darter, rainbow darter, White River sad-
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died darter, Current River saddled darter,
barred fantail darter, golden fantail darter,
yoke darter, least darter, Niangua darter,
stippled darter, Current River orangethroat
darter, Missouri saddled darter, banded
darter, bluestripedarter, gilt darter, longnose
darter, stargazing darter, mottled sculpin,
Ozark sculpin, and banded sculpin

typical fish species;
northern hog sucker, black redhorse, shad-
ow bass, smallmouth bass, hornyhead chub,
bigeye shiner, striped shiner, rosyface shin-
er, garvel chub, slender madtom, and striped
fantail darter

characteristic amphibian species;
hellbender, ringed salamander, spotted
salamander, longtail salamander, darksided
salamander, cave salamander, Oklahoma
salamander, four-toed salamander, Ozark
zigzag salamander, slimy salamander,
southern redback salamander, grotto sala-
mander, wood frog, and yellow mud turtle

characteristic crayfish;

Hubb’ scrayfish, Salem cave crayfish, freck-
led crayfish, bristly cave crayfish, coldwater
crayfish, black banded crayfish, woodland
crayfish, longpincered crayfish, golden
crayfish, midget crayfish, Mammoth Spring
crayfish, saddlebacked crayfish, Meek’'s
crayfish, gapefingered crayfish, excavator
crayfish, ringed crayfish, Ozark crayfish,
Big Creek crayfish, spothanded crayfish,
and St. Francis River crayfish

characteristic mussel species,

spectacle case, cylindrical paper shell,
squawfoot, dipper shell, salamander shell,
fluted shell, rabbit's foot, Ozark shdll, bull-
head, kidney-shell, western fan shell, El-
lipse, Plea's mussel, scale shell, little purple,
rainbow shell, little spectacle-case, Neosho
mucket, Reeve's mussdl, pink mucket, ele-
phant’s ear, snuff box, and Curtis shdll
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IV. PRAIRIEFAUNAL REGION

channel prattern;
flow regimen;
substrates;

extensive meandering
low base flow
silt and sand

characteristic fish species;
mud minnow, brassy minnow, common
shiner, bigmouth shiner, Topeka shiner,
fathead minnow, plains Killifish, trout-
perch, and plains orangethroat darter

typical fish species;
common carp, river carp-sucker, quill-
back, white sucker, black bullhead, or-
ange-spotted sunfish, red shiner, sand
shiner, western redfin shiner, creek chub,
suckermouth minnow and johnny darter

characteristic amphibian and reptile species,
Great plains narrowmouth toad, northern
crawfish frog, northern leopard frog, Illi-
nois mud turtle, and Blanding's turtle
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common amphibian and reptile species;
smallmouth salamander, eastern tiger sala-
mander, eastern American toad,
Blanchard’'s cricket frog, western chorus
frog, common snapping turtle, western
painted turtle, red-eared slider, midland
smooth softshell, blotched water snake,
diamondback watersnake, northern water
snake, and Graham’s crayfish snake

characteristic crayfish;
papershell crayfish and grassland crayfish

common crayfish;
northern crayfish

characteristic mussel species;
warty-back mussel

common mussel species;
giant floater, white heel splitter, pistol
grip, maple leaf, pimple-back, warty-back,
three-ridge, fragile papershell, pink pa-
per-shell, pink heel-splitter, fat mucket
and pocketbook
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AQUATIC FAUNAL ENDANGERED OR EXTIRPATED

SPECIESLIST (SEPTEMBER 1995)

-_— e e . - -_ -_

listings in italics indicates species has been extirpated

(Source: Rare and Endangered Species Checklist of Missouri, September 1995, Missouri Department of
Conservation, Natural Heritage Database.)

Scientific name

FEDERALLY LISTEDENDANGERED SPECIES

Mollusks

Fish

Epioblasma florentina curtisi
Lampsilis abrupta

Lampsilis higginsi
Potamilus capax

Quadrula fragosa

Scaphirhynchus albus

STATELISTEDENDANGERED SPECIES

Mollusks

Crustaceans

Anodontoides ferussacianus
Antrobia culveri

Elliptio crassidens
Fontigens antroecetes
Fontigens proserpina
Rusconai aebena

Obovaria jacksoniana
Quadrula cylindrica
Simpsonaias ambigua
Somatogyrus rosewateri

Orconectes lancifer
Orconectes marchandi
Orconectes meeki

Common nhame

Curtis' pearlymussel
Pink mucket
Higgins eye

Fat pocketbook
Winged mapleleaf

Pallid sturgeon

Cylindrical papershell
Tumbling creek cavesnall
Elephant ear

A cave snail

A cave snail

Ebonyshell

Southern hickorynut
Rabbitsfoot

Salamander mussel

A snail

Shrimp crayfish
Mammoth spring crayfish
Meek’s crayfish
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Fish

Reptiles

150

Acipenser fulvescens
Amblyopsis rosae
Chologaster agassizi
Crystalaria asprella
Etheostoma fusiforme
Etheostoma histrio
Etheostoma nianguae
Etheostoma parvipinne
Etheostoma whipplei
Fundulus chrysotus
Hybognathus hayi
Notropis amnis
Notropis maculatus
Notropis sabinae
Noturus eleutherus
Noturus placidus
Percina nasuta
Platygobio gracilis
Umbra limi

Deirochelys reticularia miaria

Emydoidea blandingii
Kinosternon flavescens
flavescens

Kinosternon flavescens spooneri

Nerodia cyclopion

Lake sturgeon
Ozark cavefish
Spring cavefish
Crystal darter
Swamp darter
Harlequin darter
Niangua darter
Goldstripe darter
Redfin darter
Golden topminnow
Cypress minnow
Pallid shiner
Taillight shiner
Sabine shiner
Mountain madtom
Neosho madtom
Longnose darter
Flathead chub
Centra mudminnow

Western chicken turtle
Blanding's turtle
Yellow mud turtle

Illinois mud turtle
Mississippi green water
snake



