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IT. THE MISSOURI REGION

The Missouri Region or River Basin, encompasses one-sixth of the contiguous
United States. The Missouri River rises high in the Rocky Mountains, then flows
generally southeastward, joining the Mississippi River near St. Louis. It
includes all of Nebraska; most of Montana, North and South Dakota, and Wyoming;
about one-half of Kansas and Missouri; and smaller parts of Colorado, Iowa, and
Minnesota. The Missouri River drains a Qatershed of 513,300 square miles within
the United States and about 9,700 square miles in Canada. Aside from interna-
tional water accountability, the national assessment is concerned only with that
part of the region within the United States. Much of the‘material presenﬁed is
taken from The Missouri River Basin Comprehensive Framework Study Report published
by thé Missouri Basin Inter-Agency Committee in 1971.

A. Settlement Period

The Missouri River Basin was part of the Louisiana Territory purchased in
1803 by the United States from France. Very little was known about this vast
territory at that time. The Lewis and Clark expedition of 1804-1806 was the
most notable among many early explorations, many of which produced maps and
descriptions of the area. Most early settlers in the 1840's and 1850's, aside
from the fur trappers and traders, were people dropping off from wagon trains
headed for the Oregon and California Territories. Following the end of the
Civil War in 1865, uprooted Civil War survivors searching for a place to settle,
the offering of public lands by the Homestead Act, and.completion of the trans-
continental railroad stimulated an interest in settlement of the area. 1In
addition to migration from the eastern United States, many European immigrants
came directly to the region, so that shortly after the turn of the century, the
area was largely settled. All of the 10 states had been admitted to the Union
by 1890.

Early settlers survived many hardships and self-survival was an early










Perhaps the most significant factor affecting the climate is the remoteness
of the region from the distant source areas of the air masses. This means that
the air masses have to cross wide land areas before they reach the region. In
crossing these areas they leave much of their available precipitation, and their
air temperatures are changed considerably by radiation from the land surface.

Primarily because of its midcontinental location, the basin experiences
weather that is known for its fluctuations and extremes and there are variations
between areas. Winters are relatively long and cold, while summers are fair
and hot. Spring is cool, moist, and windy; autumn is cool, dry, and sunny.

Averages are misleading, for seldom does "average"

weather actually occur.
Instead, weather tends to fluctuate widely around the annual averages, with the
occurfence and the degree of the fluctuations being unpredictable. Thus, the
climatic averages have to be thought of as generalizations of the more common
occurrences over a period of time.

As shown in Figure 1, average annual precipitation varies from over 40
inches in parts of the Rocky Mountains and southeastern parts of the region to as
low as 6 to 12 inches immediately east of the Rocky Mountains. Complicating the
annual variations, there is a wide variation in the regionwide pattern of
monthly precipitation.

Precipitation received (Figure 1) from November through March generally is
in the form of snowfall. Thunderstorms are prevalent in July and August and
often are localized, with high-~intensity rainfall. Prolonged droughts and
lesser periods of deficient moisture may be interspersed with periods of abundant
precipitation.

Most of the Great Plains, with the annual precipitation varying between 12
and 24 inches, is a high risk area agriculturally. Special farming practices
are required to conserve the moisture available, even under normal conditionms.

There are periods of extremely cold winter and hot summer temperatures.
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Extremes range from winter lows of -60° F in Montana to summer highs of up to
120° F in Nebraska, Kansas, and Missouri. The region regularly experiences
over 100-degree temperatures in summer and below-zero temperatures in winter
over most of its area.

One of the climatic factors that has an impact on much of the cultural and
industrial activity, but particularly agriculture, is the continuous period with
temperatures above freezing conditions. While the freeze-free period does not
completely define the growing season for all crops and grasses, it is a general
indicator of the most favorable period. Except for the mountainous areas in the
west, the freeze-free period ranges from about 90 days in the northern part of
the region to over 180 days in the southern portions.

Mean total hours of sunshine annually are favorable for agriculture and a
healthful enviromment, ranging from under 2,400 hours in the northwest to as
much as 3,200 hours in western Kansas and eastern Colorado.

Winds are the rule rather than the exception, particularly in the plains
area. Average wind velocities of 10 miles per hour are prevalent over much of
the region. 1In the plains area strong winds accompanied by snow sometimes
create blizzard conditions dangerous to both man and livestock. High winds
occasionally prevail during periods of high temperatures and deficient moisture
that can destroy crops and desiccate rangeland within a few days. Parts of the
region, particularly the south and east, are subject to cyclonic and tornadic
winds that occasionally do considerable damage.

Most of the climatic forces are not amenable to change, but modern technol-
ogy has done much to enable man to better cope with the extremes that affect his
environment and culture. Special farm and range comservation practices, irri-
gation, and air conditioning in homes and factories are examples. Generalizations
of the region's climate, however, are not always applicable to specific areas or

to their seasonal advantages. Many people are attracted to parts of the region
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because of the favorable climate. Particularly, the cool, dry, crisp days of
summer are a tourist attraction in the western and other mountainous areas and
in the Ozarks.

D. Socio-Economic Characteristics

Agriculture was historically and still is the dominant influence throughout
the region. Largely it was settled on 80- and 160-acre tracts of farmland under
various homestead acts during the last haif of the 19th Century. Since then,
largely because of mechanization, capital requirements, and farm efficiencies,
average farm size has gradually increased with a corresponding decrease in farm
population. This population shift has been from the farms or rural areas to the
larger cities in and outside the region.

1. Population

Although the total basin population has been increasing, the rate of increase
has been below the national average. Furthermore, the region's share of the
total U.S. population of the 48 contiguous states has declined from 5.1 percent
in 1940 to an estimated 4.3 percent in 1975. The upper States of Wyoming,
Montana, and North and South Dakota are thinly populated and comprise about 60
percent of the region's land area but contain only about 20 percent of its
people. Nearly one-half the area has a population density of fewer than 5
people per square mile. Of the 12 SMSA's, only 4 are in these upper States.

The three largest metropolitan centers - Denver, Kansas City, and Omaha-Council
Bluffs - are in the lower States. There are about 250Aurban communities with a
population over 2,500 and numerous smaller communities. These largely serve as
trade centers and furnish the social services for the surrounding rural areas.
Outmigration from the rural areas has created problems, particularly in the
social services area. The declining populations of the rural areas make it more
difficult to provide adequate schools, churches, local governmental units,

medical facilities, transportation routes, and the numerous other people needs.
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Total urban growth in the region has followed the national pattern. Small
towns and cities under 5,000 population have tended to decrease, although there
are exceptions. Cities with 5,000 to 10,000 populations have tended to remain
relatively stable. Cities over 10,000 populations have had the largest percentage
of growth. The 12 SMSA's in the region contain about one-half of its total popu-
lation. They continue to function as the gateways of commerce. In addition,
their economic bases have been diversified with manufacturing, professional and
other services, and governmental functions becoming important segments of their
economies. One of the very striking characteristics of the region is the absence
of large urban populations on the plains. By far the largest concentration of
the urban population is along the eastern edge and along the foot hills of the
mountains in the west.

2. Earnings and Income

Although using OBERS disaggregations of total earnings for the Missouri
Region show agriculture as representing less than 1l percent of the total earnings,
agribusinesses, manufacturing, transportation, wholesale and retail trade, and
other agriculturally related activities and services would probably aggregate to
well over 50 percent of the total earnings. The remainder of the economy of the
region, largely concentrated in the cities, is generally well diversified. Per
capita income, historically and current, is below the national average. The
economy of some parts of the upper States is affected by the large Indian reserva-
tions which have significant economic problems. Although the Indian segment
comprises less than 1 percent of the total region population, Indian-owned land
comprises 3.6 percent of the total land area. There are 23 Indian reservations
located in 6 states. Indian unemployment has been high, ranging upwards to as
much as about 70 percent of the employable work force, and Indian per capita

income is generally less than $2,000 per year.
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In addition to a number of national and state wildlife refuges scattered
throughout much of the Missouri Region, large acreages of the public domain
lands are dedicated to fish and wildlife preservation and enhancement. Agricul-
ture, because of its land-area magnitude, supports the majority of wildlife and
offers a great opportunity for general enhancement of wildlife values in the
region. Most lands and waters in this category are in private ownership and
wildlife enhancement measures thus are dependent upon private initiative. Most
of the outdoor recreation opportunities in the basin are provided on public
lands. The larger public recreation areas are located in the National Parks,
National Forests, Corps of Engineers and Bureau of Reclamation reservoir areas,
and state parks.

F. Water Resources, Development, and Utilization

The Missouri Region, in general, has adequate surface and ground water
resources to meet current and projected needs. However, the water is not always
available at the point of need or in the quantity or of the quality desired. As
previously stated, the region average streamflows are made up of extreme fluctu-
ations of too much water at times and far too little at others, which further
complicates any analyses of water availability. It is also apparent that estimates
of current (1975) amounts of water availability and water use or depletions vary
over rather wide ranges. These differences surfaced during the regional parti-
cipation in the national assessment effort and are discussed further in Sections
IIT and IV of this technical memorandum.

During the westward migration and during the early settlement period, the
Missouri River was used to transport people and goods, but this use dwindled as
railroads were completed. Systematic development of the Missouri River for
navigation was started during the latter part of the 19th Century, and was later
continued by authorization of the Navigation and Bank Stabilization Project in

1912. The current 9-foot channel navigation and bank stabilization project,

2119




extending 732 miles from Sioux City, Iowa, to the mouth of the river, was authorized
in 1945 and construction is now nearing completion. The regulated flows needed

for the normal 8-month navigation season are provided by an upstream system of

six large multiple-purpose reservoirs on the main stem of the river.

In the 1860's the first significant irrigation was undertaken and the
practice has continued to grow, stimulated in part by the Reclamation Acts of
1902 and later, with many project developménts, but especially by the forces of
general inadequacy of moisture and the instability of dryland agriculture. The
use of water for irrigation historically has dwarfed the amounts of water used
for all other purposes within the region and currently accounts for over 90
percent of the regionwide consumptive use. All available projections indicate
that irrigation use will continue to dwarf all other water uses. Although all
States except Missouri and Minnesota require either a water right or permit
authority to divert water for any purpose, accurate measurements or accounting
records of the actual amounts of water used for irrigation are not always avail-
able. As a result, the amounts of water used are based on estimates made with
varying degrees of accuracy by State and Federal agencies.

It generally has been the responsibility of local people to provide their
own water supplies, although Federal and state assistance and regulation has
been significant. In the mid-1920's Federal and state assistance to farmers in
providing land and water management practices was inaugerated. This assistance
was strengthened and enhanced as a result of the droughﬁ of the 1930's and has
since been accelerated by Federal, State, and local actions. Federal participation
in flood control in the Missouri Region started shortly after enactment of the
Flood Control Act of 1936 and has been modified almost continuously since then.
Of particular importance to development of the water resources of the Missouri
Region was the Flood Control Act of 1944, which adopted a comprehensive plan

for basin-wide water resource development. That plan has been subsequently
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modified and augmented by a number of Congressional authorizations. The 1944
Act stimulated creation of the Missouri Basin Inter-Agency Committee in 1945 to
foster natural resources development. This committee was terminated with the
establishment of the Missouri River Basin Commission in 1972 as the principal
agency for the coordination of Federal, State, interstate, local, and non-
governmental plans for the development of water and related land resoqurces.

1. Surface Waters. Historical streamflow data reflect the constantly

changing effects of water resource development and streamflow depletions. To be
useful as a measure of surface water availability, historical streamflow data
must be adjusted to reflect the constantly changing depletions. This is equally
true when planning water resource developments and in making projections of
future water uses. More recently, there have been significant increases in the
use of ground water, particularly for irrigation. The effects of ground water
usage on streamflows are quite complex and vary from one location to another.
Ground water effects from the alluvia may show up immediately, or when at a
distance they may take years before showing up in streamflow measurements., The
1971 MBIAC Framework Report estimated the 1970 level of depletions in the region
to be 11.7 million acre-feet; whereas, the SRF estimate for the 1975 level of
depletions is 15.6 million acre-feet as shown in MRBC's National Assessment
Technical Memorandum No. 2. This difference is discussed at some length in
Chapter III--comparison of the State/Regional Future (SRF), the Modified Central
Case (MCC), and other estimates of water use and availability.

Contributions to streamflow vary considerably throughout the region as
might be expected with a variable pattern of annual precipitation and runoff
combined with a variable intensity of water utilization and development. Histor-
ically, annual outflow of the Missouri River has varied widely, with several
years showing flows in excess of 100 million acre-feet to a low of 22 million

acre-feet in 1934, Daily variations are more pronounced, ranging from 615,000
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cfs recorded in July 1951 to a minimum of 4,200 cfs in 1940. Wide fluctuations
are now moderated considerably by the operation of six main stem reservoirs and
over 100 tributary reservoirs, each of which has over 25,000 acre-feet of storage
capacity.

Almost every stream in the Missouri Region has experienced high flows and
in many instancesAthe accompanying devastating floods. The opposite effect of

too little water has also been true, with all parts of the region having experienced

numerous periods of subnormal precipitation and the accompanying droughts. The
most notable drought periods regionally extended from 1930 to 1941 and from 1953 to
1959, More recently, widespread areas were seriously affected by subnormal
precipitation in 1974, 1975, 1976, and extending through the early months of

1977.

2. Ground Water. The widespread occurrence of ground water within the

region has enabled development, particularly for agriculture, both nearby and
remote from perennial streams. In some locations the abundance of ground water
has permitted municipal, industrial, and irrigation development where its quality
was better or it was more readily available than surface water. Ground water
accretions provide the basic flow for many surface streams which otherwise would
flow only after runoff-producing precipitation. In some cases the streambeds

lie above the water table and the streams lose water to the underlying aquifer.
The relationships between ground water and streamflow are very complex in many
areas of the region, are not very well understood, and are often clouded by
emotion.

Generally, the principal source of ground water is precipitation that
infiltrates the soil and percolates downward to the water table. Seepage from
stream channels and reservoirs is another source. Along flood plains the quan-
tity of recharge to ground waters resulting from temporary flooding may exceed

that resulting from precipitation over the same area during several months or
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even years. Some ground water recharge is artificial, as from surface-water
irrigation, leakage from water distribution systems, outflow from septic tanks,
and the like. Currently the deliberate artificial recharge of aquifers is
practiced at only a few localities in the Missouri Region.

Under natural conditions, the average annual recharge and water uses balance
out the average annual discharge or loss of ground water. Short-term rates of
discharge and recharge, however, are rarely the same, since discharge is generally
continuous and recharge intermittent. Thus, short-term fluctuations in the
ground-water table can be expected. Further, pumping from wells affects the
natural long-term balance of discharge and recharge to ground water. When the
quantity of water withdrawn is small, its short-term effect is virtually imper-
ceptible. However, when pumpage of ground water is relatively large, seasonal
and long-term lowering of the water table is to be expected. The decrease in
volume of ground water in storage is progressive unless a new balance between
discharge and recharge can be established through decreasing the rate of natural
discharge, increasing the rate of recharge, or both.

Within the region, ground water is used for irrigation, municipal, manufac-
turing, mining, rural domestic, and livestock purposes; and, to a limited extent,
for cooling in electric power production. Of the nearly 9.8 million acre-feet
of ground water withdrawals, as estimated in the SRF for 1975, about 8.5 million
acre-feet, or 87 percent, were used for irrigation. Ground water is less likely
to be contaminated than surface water and it is nearly free of sediment. Protected
from the elements, it constitutes a water supply equally reliable throughout all
seasons of the year. It is only recently that most of the States began to moni-
tor more closely the ground water withdrawals; however, precise information on
consumptive use of the water and net effects on streamflow are still not gener-
ally available. With the recent large increases in irrigation from ground water

sources, brought on largely by installation of sprinkler systems and the higher
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farm commodity prices of 1973 and 1974, the States are turning to legislation
and administration to more closely control and monitor ground-water use.
The U.S. Geological Survey furnished the following estimates for use in the
1975 National Assessment showing the amounts of ground water in storage within
the Missouri Region:
TABLE 2
Estimated Quantity of Ground Water of Less Than
3,000 mg/1 Dissolved Solids Available From

Storage in Aggregated Subareas of the
Missouri Region 1/

Total Volume of Volume of Water
Water in Storage Available from Storage
ASA Number (thousand acre-feet) (thousand acre-feet)

1001 390 239
1002 92 46
1003 183 92
1004 496,000 160,000
1005 450,000 137,000
1006 299,000 92,000
1007 45,000 22,900
1008 1,240,000 573,000
1009 75,000 34,400
1010 470,000 184,000
1011 350,000 160,000

TOTAL 3,425,665 1,363,677

1 : ¢ "
—/Some of the water in storage and shown as being available from storage far
exceeds the allowable solids content for municipal and industrial use.

Estimates of the availability of ground water in the region have been based

on the specific ground water data that exists as a result of previous investi-
gations. In areas that have not been investigated they are based on the best
evidence available. Some of these unstudied areas are so lacking in available

data that the best current evaluations must be regarded as highly tentative.

At various locations throughout the region, the quantity of water available to wells
varies widely depending on the hydraulic character of the underlying rocks.

3. Water Quality. Public Law 92-500 dictates the Nation's water quality

objectives. Section 101(a)(2) states: "...it is the national goal that wherever
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attainable, an interim goal of water quality which provides for the protection
and propagation of fish, shellfish and wildlife and provides for recreation in
and on the water shall be achieved by July 1, 1983." This, then, is the overall
governing rule for the Missouri Region.

In general, it can be assumed that municipal, industrial, and feedlot
effluents, while currently causing some degradation immediately downstream from
outfalls, will be appropriately treated as required by P.L. 92-500. At this
time, there are no known feasible means of controlling water quality problems
caused by farm and ranch operators, although increasing emphasis is being placed
on management of irrigation water use and on education and training in the use
of farm chemicals. It may be possible to reduce somewhat the salinity of irriga-
tion return flows in some areas, although to what extent is not now determinable.
One of the more significant stream pollutants throughout much of the Missouri
Region is sediment resulting from sheet, gully, and streambank erosion. Prior
to 1952 the Missouri River outflow had a natural sediment load of about 300
million tons annually, representing a load of about 575 tons per square mile per
year. However, reservoir storage and conservation measures have reduced the
recent Missouri River average sediment outflow to about 100 million tons annually.
At Omaha, Nebraska, the average sediment load carried by the Missouri River
dropped from 175 million tons annually to 25 million tons after closure of the
Fort Randall Dam in 1952. Although improvements in land conservation practices,
controlled grazing, taking some lands out of cultivation, and installing control
structures will probably lessen the problem, stream sediment will always be a
problem at numerous locations throughout the region. This is particularly true
throughout most of ASA 1009 where average yields range from 250 to 9,500 tons
per square mile per year for the affected drainage areas.

Despite numerous investigations and surveilance programs, available data

concerning the quality of surface waters of the region are generally very inadequate.
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More sampling stations and a reliable method to transmit and centralize the
location of available data are needed. Records at most existing stations are

not available for a period long enough to accurately define the changing quality
of streamflow. Particularly deficient are data concerning the biological quality
of surface waters.

Although, generally, ground water in the region is free from bacterial pollu-
tion, there have been numerous local problem; associated with improper waste
disposal, septic tank effluents, acid mine drainage, and other leakage problems.
Also, the application of herbicides and fertilizers in many irrigated areas has
caused local problems. Large areas, particularly in North and South Dakota,
have ground water of inferior chemical quality which is of natural occurrence.
Total dissolved solids content of the ground water ranging from 2,000 to 3,000
mg/l is common. Without desalinization treatment the water has very limited
uses, While not meeting ideal standards, poor quality ground waters often are
utilized for muncipal, domestic, and other purposes in lieu of alternative
supplies which are often difficult and much more costly to develop.

4. Status of Development. Water resource programs in the Missouri Region

began over 100 years ago. The earlier water resource developments were constructed
and financed primarily by individuals, private groups, and political subdivisions
and were oriented largely toward single-purpose improvements to meet specific
needs without substantial regard for other functions. Since 1949, most of the
development has been constructed and financed largely by federal funds with
participation by local or non-Federal entities as required by the authorizing
legislation for the various programs. The Pick-Sloan comprehensive development
plan as authorized by the Flood Control Act of 1944 and subsequent authorizations
shifted the emphasis from single-purpose to multiple-purpose programs.

The 1971 Framework Report showed that, in 1965, the Missouri Region con-

tained 107 major reservoirs and 1,387 other reservoirs with individual storage

=06~




capacities of less than 25,000 acre-feet, which either were completed or under
construction. In the aggregate these reservoirs provide a total of over 112
million acre-feet of storage capacity, 99 percent of which serves multiple
purpose functions, including flood control, municipal and industrial water
supply, irrigation, hydroelectric power, navigation, water quality improvement,
fish and wildlife enhancement, and recreation. Nearly 75 million acre-feet of
storage capacity is located in the six large main stem reservoirs of which all
but 4,720,000 acre-feet, reserved exclusively for flood control storage, are
used for multiple purposes. Since 1970, construction has been initiated or
completed on about 12 additional major Federal reservoirs located on tributary
streams which have a total storage capacity of over 2 million acre-feet. In
addition, numerous P.L. 566 watershed projects, which include many smaller
single-and multiple-purpose reservoirs, have been completed or are under con-
struction.

Irrigation is by far the largest water user in the region. Currently,
about 9 million acre-feet of storage located in tributary reservoirs is dedicated
primarily for irrigation use. The large Garrison and Oahe multi-purpose units
in the Dakotas will divert increasing amounts of water from these two large main
stem reservoirs. These two large projects provide under first-stage development
for the irrigation of about 440,000 acres of land (less than one-half of this
in the Missouri Region with the remainder in the Souris-Red drainage) as well as
providing municipal and industrial water for 64 cities and towns. Second-stage
developments, not authorized, would expand the acreage to about 1.5 million acres.
Most of the recent growth in irrigation over the region has resulted from increased
use of ground water coupled with the installation of sprinklers by individual
landowners. There have been no large Federal irrigation projects completed
since completion of the Framework Report, and most of the recent large increases

in irrigated acres have been from individual development rather than by groups
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industries have self-supplied water systems. Most of the smaller industries and
the commercial establishments obtain their water supplies from municipal systems.
Generally, the rural residents obtain their supplies from individual wells,
although recently a number of rural water supply systems serving smaller commun-
ities and the rural residents have been constructed and many more are in various
stages of planning. In the more thinly populated areas, it is doubtful whether
rural systems will ever be built. Many of the water supplies of the smaller
communities and rural residents are highly mineralized and the quality is less
than desirable. 1In 1974 the Congress passed the Safe Drinking Water Act which
requires certain minimum standards for any water supply system serving 25 or
more people. Since the Act provided neither funds nor implementing procedures
for construction, its effect on the many smaller communities throughout the
region with substandard drinking water supplies is not known at this time.
Currently, less than one-half of the 9 million people residing in the Missouri
Region obtain their water from surface supplies with the remainder being served
by ground water.

Because the raising and feeding of livestock is so important to the region's
economy, water supplies for livestock use have a high priority, ranking along
with domestic use in most of the 10 States. The storage or withdrawal of stream-
flow generally must not interfere with downstream livestock use; and in most of
the States the construction of stockwater ponds is not legally restricted except
in size and dam height. The Department of Agriculture estimated that in 1975
there were over 365,000 stockwater ponds in the region. These ponds, together
with flowing streams and ground water, supply the large amounts of stockwater
required. In many parts of the region, these ponds have a relatively short
useful life and lose much of their capacity because of sediment inflows; conse-
quently, they have to be rebuilt, enlarged, or replaced.

The electric power industry, one of the fastest growing industries of the
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region, supplies power from a variety of generating plants. The facilities
serving the region are comprised of about 560 systems, of which the investor-
owned systems generate about 56 percent of the total electric energy produced.
The remainder is produced by cooperatively owned, municipal and state owned, and
one Federal hydroelectric system., Table 3 shows the 1974 composition of the
basin's electric power supply, as shown in "Status of Electric Power in the
Missouri River Basin,'" dated October 1976, and published by MRBC.
TABLE 3
Existing Electric Power Supply,

Missouri Region 1/
(calendar year 1974)

Type of Plant Number Installed Capacity Net Generation
(Mw) (GWH)
Fossil-fired steam 91 14,447 62,482
Nuclear steam 2 1,282 4,290
Diesel 216 922 1,046
Combustion turbine 29 1,410 888
Combined cycle 1 52 29
Conventional hydro 59 3,348 174372
Pumped storage 1 300 (181)2/
TOTAL 399 21,761 85,926

1/ Hydrologic boundary
2/ Net energy loss due to pumping water to upper reservoir

For the national assessment, data were compiled on county line boundaries
which approximate the hydrologic boundaries. Although for most uses the differences
are generally quite small, data for electric energy production and associated
water requirements do show significant differences. Data compiled for the
national assessment by the Federal Power Commission for estimated 1975 electric
energy production, energy requirements for 1985 and 2000, and associated water
use are shown in Table 4. Many of the new plants projected for construction by
1985 and 2000 are expected to utilize wet cooling towers or cooling ponds which
require considerably less water withdrawals but consume slightly more water than

once through cooling.




TABLE 4
Estimated Energy Production and Steam Electric
Cooling Water Requirements for 1975, 1985, and 2000,
Missouri Region

Year Energy Production Water Withdrawal Water Consumption
(GWH) (thousand acre-feet) (thousand acre-feet)

1975 75,236 4,958 75.0

1985 186,691 6,801 264.0

2000 448,618 5,687 712.0

Fossil-fired and nuclear steam-electric generating plants require large amounts
of water for condenser cooling. The quantity of water required at each plant
depends on the type of condenser cooling system, the operating efficiency of the
plant, permissable temperature rise in the cooling water, and the amount of
energy generated. In areas with insufficient water to support even the limited
requirements of either wet cooling towers or cooling ponds, air-cooled, dry type
cooling towers may be used. These are, however, the most costly to construct
and also the most costly to operate of all the types of cooling systems. Because
of these high costs, very few have been built and very few are currently planned
for the Missouri Region.

A report published by MRBC in October 1976, '"Status of Electric Power in
the Missouri River Basin,'" shows that, currently, the electric power generating
capacity is more than adequate to meet the region's demands and some power is
being exported to areas of need. At present there is approximately 21,761 MW of
installed capacity to meet an expected peak demand of 17,480 MW and a net annual
energy requirement of 83,400 GWH of generation. The écheduled or planned additional
capacity of 20,283 MW to be in service by 1984 would be more than adequate to
meet the expected increase in 1985 peak demand of 17,680 MW and 85,600 GHW of
generation. By the year 2000 the peak demand is expected to increase to about
87,600 MW, about two and one-half times the expected 1985 capacity in service,

with a net energy requirement of 424,900 GWH. Nearly 75 percent of the currently
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planned additions would be coal-fired steam plants and this predominance of the
use of coal is expected to continue to the year 2000 unless there are signifi-
cant technological changes brought about by the expanding research efforts
underway.

G. Laws, Policies, and Administration of Water Use and Development

The development and use of water resources long have been recognized as a
responsibility of both the States and the Fedéral Government. The laws have
evolved gradually, stemming initially from the State and Federal constitutionms,
then progressive statutory action, and from many judicial decisions. From all
of these have come the important elements of State and Federal policy, and
particularly at the State level, the practical means for water administration.
With the more recent increases in water use have come greater competition for
the available water supplies and an ever-increasing number of controversies
requiring adjudication. As the conflicts over water use increase, it is apparent
that quantification of various water rights by competing interests within the
Missouri Region will require an increasing amount of coordination and may
subsequently require adjudication. Current and emerging water-use conflicts
include such matters as Federal reserved rights, Indian rights, and interstate
rights, and allocations as well as the intrastate conflicts.

Because of their complexity and the ever-evolving and changing Federal and
State water laws and policies, it is difficult to provide a current and accurate
summarization in a publication of this nature. It is pertinent to note, however,
that the highlights of Federal and each State's legal and institutional structure
for water resource development, administration, and management were published in
Volume 3, "Laws, Policies, and Administration Related to Water Resources Devel-

opment,  of the Missouri River Basin Comprehensive Framework Study Report, dated

June 1969. A supplement to Volume 3, updating it to changes which have occurred
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through 1975, is under preparation and will be published by MRBC in the near
future.

1. State Water Laws, Policies, and Administration, In the general field

of water laws, two fundamental doctrines were adopted by the States reflecting
not only in part the origin of those who formulated them, but also the variable
climatic and hydrologic conditions found from the subhumid east to arid west.
Minnesota and Missouri recognize primarily the riparian doctrine, while Colorado,
Montana, and Wyoming have specifically repudiated it and established the doctrine
of appropriation rights. The Iowa water rights law makes substantially all uses
of water in the State subject to permit and administrative regulation as to
diversion, storage, or withdrawal, over some period of time not to exceed 10
years. Kansas, Nebraska, and North and South Dakota depend on the appropriation
rights doctrine, but recognize the riparian doctrine in varying degrees in
relation to the statutory rights. In these four States a riparian landowner
could claim a water right to the extent of his reasonable use, but all waters in
excess thereof remained subject to appropriation. However, Kansas passed legislation
in 1945, and North and South Dakota in 1955, which provided that thereafter
riparian landowners were to be governed by the same laws and would be obliged to
follow the same appropriation procedures as nonriparian landowners. This legi-
slation did not apply to landowners who were exercising or developing their
riparian water rights at the time the legislation was enacted.

2. Interstate Compacts, Court Decrees, and Intermational Treaty. Where

rivers cross State boundaries, and with mounting usage, there can be problems in
allocation of the interstate water and administration of water rights. Because
of these problems and existing or impending litigation, several affected States
have entered into interstate compacts or requested court apportionment of the

affected waters for the river systems shown on Figure 2.
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The status and general provision of interstate compacts, court decrees, and
one international treaty were described in the Missouri River Basin Framework
Report and are not repeated herein, except for the Big Blue River Compact which
was ratified by the States of Kansas and Nebraska and approved by Congress
subsequent to completion of the Framework Report.\ The Kansas-Nebraska Big Blue
River Compact became effective June 2, 1972, when the Act granting Congressional
consent thereto was approved by the President of the United States. The Compact
provides, among other matters, that certain minimum flows during specified
months shall be maintained in the Little Blue and Big Blue rivers where they
cross the Nebraska-Kansas State line and for the regulation of the use of ground
water when it is determined that such use adversely affects the terms of the

compact agreement.

3. Federal Water Laws and Policies. Federal laws and policies affecting

water and related land resource development and management have evolved over
many years. Early water resource legislation dealt with navigation and later
with mining. In the arid west, and covering most of the Missouri Region, the
turn of the century saw reclamation laws providing primarily for Federal assis-
tance in irrigation development come into being. The drought years of the

1930's resulted in Federal legislation recognizing the principles of multi-
purpose development and agricultural watershed conservation and protection. The
Flood Control Act of 1936 recognized a Federal interest in flood control. The
Flood Control Act of 1944 expanded and modified previous Federal legislation to
recognize Federal involvement in all functional phases of water resource devel-
opment and established coordination requirements between Federal agencies dealing
in water resources development and with the States. For the Missouri Region, the
1944 Act authorized the '"Pick-Sloan" comprehensive basin-wide development plan.
This plan included five large main stem multiple-purpose reservoirs, numerous

tributary reservoirs and attendant works, Missouri River levees extending from
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Sioux City to the mouth, and several other local projects. While the major
elements of the plan have been completed and are serving to meet many of the
water needs of the region, remaining elements are in various stages of planning,
awaiting planning funds, under development, or temporarily or permanently shelved.
Other Federal legislation over this interval of time dealt with such important
matters as water quality, hydroelectric power, municipal and industrial water,
outdoor recreation, fish and wildlife conserbation and enhancement, regulation
of development on flood plains, and envirommental concerns. Recently, Federal
legislation has been more concerned with environmental matters and conservation
than with resource developments. This is exemplified by the National Environmental
Policy Act of 1969, Federal Water Quality Act Amendments of 1972, and other
recent legislation.

H. Study Areas

The Missouri Region or River Basin is one of 21 major water resource
regions of the Nation being analyzed for purposes of the 1975 National Assessment.
Each region was further subdivided into aggregated subareas (ASA's) of which the
Missouri Region has 11 as shown on Figure 3. Each ASA is comprised of one or
more subareas. Each subarea, ASA, and the region are on county line boundaries
to facilitate aggregation of much of the data being utilized in the national
assessment, Water information, of course, is on hydrologic boundaries. Data
for each ASA in the Missouri Region and a regional summary were published in
MRBC's second technical memorandum dated August 1976. In this regional summary
report, the data for each ASA are not repeated, but are shown at the end of this
section only for the totals of the ASA's above Sioux City, Towa (1001 through

1006), and where the regional totals comprise all of the 11 ASA's.

-36-




Figure 3

MISSOURI RIVER BASIN
1975 NATIONAL WATER ASSESSMENT
Aggregated Subareas
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III. COMPARISON OF THE STATE/REGIONAL FUTURE (SRF), THE MODIFIED CENTRAL
CASE (MCC), AND OTHER ESTIMATES OF WATER USE AND AVAILABILITY

Although the national assessment is concerned primarily with two sets of
estimates, the State/Regional Future (SRF) and the Modified Central Case (MCC),
in the Missouri Region the estimates shown in the Comprehensive Framework Study
Report (FS) under the assumed 1970 and earlier levels of development are of
particular significance and provide a basis for comparison.v Also, it is worthy
to note other ongoing and programmed studies which have or will have a bearing
on determining water availability and use within the region. Each of the estimates
and major studies is described and discussed briefly in the following paragraphs.
Also, some significant comparisons are made and some of the effects of using or
attempting to use one estimate over another estimate are discussed.

For reasons set forth hereinafter, there are wide ranges in the basic data
and derivation of estimates for water use and availability in the Missouri
Region. These occur primarily and in the largeéf degree because of a lack of
firm data on irrigated areas and on unit requirements for withdrawals and net
depletions to surface and ground water sources. This, together with differences
of assumptions and procedures, makes impracticable any consensus at this time on
water supplies used historically or currently, those presently available, and
the probable uses and streamflow or ground water depletions under projected
increased usage.

A. SRF Estimates

The State/Regional Future (SRF) estimates provide information concerning
each of the 10 states. Planning goals and objectives and current (1975)
and projected (1985 and 2000) estimates of socio-economic characteristics,
primary land use, water use and requirements, and other data pertaining primarily
to water and related land resources. The 11 ASA's for the Missouri Region were

prescribed by WRC to provide uniform areas for reporting purposes. SRF estimates
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were assembled by the Missouri River Basin Commission and are comprised of
information and data furnished primarily by the 10 States, but to some extent by
regional offices of the Federal agencies, complemented by data compiled by the
MRBC staff from other available sources. More specifically, the States furnished
data and information concerning the socio-economic characteristics, land use,
and water use. Federal agency members of MRBC furnished data pertaining to
electric energy production and associated water use, erosion and sedimentation,
flood damages, navigation, and water quality. The MRBC staff compiled informa-
tion pertaining to the environmental resources of the basin and estimates of
water-oriented recreation utilizing the states' SCORP reports. SRF estimates of
current and projected flows at the outflow point of each ASA were derived by
using Framework Study estimates of full natural flows unmodified by any depletions,
and subtracting from these estimates the accumulated upstream depletions through
any target year. The Framework estimates of unmodified flows were adopted since
they have gone virtually unchallenged. These flows were modified further by
using the best available estimates of probable imports and exports and reservoir
evaporation estimates as derived from the Framework Study. Since ground water
use in several of the ASA's significantly affects streamflow, a ground water
factor was applied so as to more accurately reflect possible streamflow effects.
Approval by the MRBC members to print Technical Memorandum No. 2 for the national
assessment did not constitute approval of the estimates contained in the report.
In fact, considerable controversy has resulted and serious questions are being
raised concerning the estimates of water withdrawals and depletions and their
effect on streamflows--historical, current, and projected.

Since irrigation accounts for over 90 percent of the total water consumed
in the region, excluding reservoir evaporation losses, some discussion of the
States' estimates of irrigated acreage and water use appears appropriate. Quite

obvious is a highly significant variance in the acreage of land actually irrigated
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Using the States' estimates of nearly 11.5 million acres irrigated in 1975, it
would show an increase since 1970 of about 3 million acres; however, the MCC
shows but 7.9 million acres in 1975, and the interpolation between the Framework
Study, 1970 and 1980 irrigated area estimates, would be 8.8 million acres. It
is significant to note that almost all of the recent new irrigation development
has been accomplished by individual landowners, most of this served from ground
water sources, While the Bureau of Reclamation maintains comprehensive records,
other group project records vary from very poor to very good, and individual
records vary according to the applicable State law reporting requirements.
Whether the acreage actually receiving irrigation water in 1975 was about 8
million acres or well over 11 million acres obviously has a large impact on
streamflow depletion from this use. The actual amount of irrigation water used
varies seasonally and over the long-term average, depending on rainfall, avail-
able water supply, and other factors. While gross diversions are generally
recorded, return flows are seldom monitored, which makes it difficult to determine
the amount of water actually consumed in the irrigation process. Furthermore,
with the increasing use of ground water for irrigation and other purposes and its
complexities in relationship to streamflow, the determination of streamflow
depletions is compounded. Unit withdrawals in the Framework Study estimates
range up to 3.0 acre-feet per acre on the average and average streamflow deple-
tions up to 1.6 acre-feet per acre--the corresponding MCC estimates are as high
as 8 and 2.4 acre-feet, respectively, and the SRF estimates up to 5 and 2.5
acre-feet per acre. Obviously, these variances, too, have widely varying results
when applied to irrigated areas. The foregoing observations are presented, not

in defense of any one of the several estimates, but to point out the complexity
and difficulties involved in attempting to arrive at reasonable estimates of
irrigation water use within the Missouri Region unless and until accurate irri-

gated area and unit water use figures are available with a concensus thereon.
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Although water used for purposes other than irrigation accounts for less
than 10 percent of the total consumed within the region, the importance of
these uses to the economy and social well-being of the residents cannot be
overemphasized. Most of the States recognize domesfic use as having the highest
priority and some States place livestock water use in the same priority. Since
most manufacturing, industrial, or mining concerns can afford to pay more for
water than irrigators, they usually obtain ﬁeeded water in one fashion or
another when there is competition for available supplies. It is only recently
that such competition has become evident although it may play a greater role in
the future, particularly in such areas as the Front Range of the Rocky Mountains
in Colorado and for areas of vast coal deposits in Wyoming, Montana, and North
Dakota;

B. MCC Estimates

The only set of so-called MCC estimates furnished MRBC by WRC is dated
February 1976. These estimates reflect information prepared by Federal agencies
from a national perspective. They are currently under review and possible revi-
sion. Subsequently, considerable correspondence has been exchanged and several
meetings have been held by MRBC and regional Federal agency representatives to
discuss differences concerning both the MCC and SRF estimates and in comparison
to others. Since the procedures used and the bases for developing the MCC and
the SRF estimates were quite different, it does not appear worthwhile to pursue
further at this time attempts at their complete reconciliation. Rather, the
concerned interests need to recognize these differences, learn from the experience,
and devise procedures or studies which will coordinate and improve future estimates
and attain consensus on water uses and availability.

Comments pertaining to the MCC estimates were included in MRBC's Technical
Memorandum No. 2 for the national assessment, and little if anything would be

gained by repeating those comments at this time. However, since irrigation
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water use in the region constitutes such a large portion of total water use, it
is appropriate to summarize difficulties encountered in attempting to accept
these MCC estimates. Using the 1967 Conservation and Needs Inventory (CNI)
estimates of irrigated acres, updated by some arbitrary bases to 1973, may be
appropriate for some areas in the 1975 base, but would not be appropriate for

all areas in the Missouri Region. Recent local significant increases in the
number of acres being irrigated have resuited primarily from increased prices
being paid for farm commodities, increased use of ground water, and improved
sprinkler irrigation systems. While the use of sprinkler irrigation systems is
on the increase in many areas of the Missouri Region, the most notable increases
have occurred in the Platte and Kansas river basins (ASA's 1007, 1008, and 1010).
The MCC estimates are based on unit water withdrawals and consumptive use require-
ments for optimum crop production rather than actual water use. Since many
irrigated areas of the region suffer from late season water shortages and, thus,
few areas receive the amounts of water estimated for the MCC, it is obvious that
the MCC irrigation estimates do not reflect actual water use--neither the with-
drawals nor consumptive use.

In addition to the disparities in water use estimates by the MCC, its modi-
fied flow estimates raise an additional concern since they should show the
amount of water actually available at the outflow point of each ASA. The MCC
attempts to show the outflows for average annual conditions, labeled 80 percent
condition (1 of 5 years), and the 95 percent condition (1 of 20 years). Also,
while estimates of total ground water use and consumption from the ground water
reservoir are shown, no attempts are made in the MCC to estimate the effects on
streamflow. While it is difficult to determine the effects of ground water use
on streamflow with the data generally available, use of large amounts of ground
water has been increasing in several of the ASA's, and the effects need to be

recognized in terms of net depletions to the ground water reservoirs and depletions
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or contributions to the streams. Otherwise, available surface water supplies
can be under or overstated.

C. Other Estimates

The 1971 Missouri River Basin Comprehensive Framework Study Report reflected
in depth work by all affected agencies and the results have been used widely in
many subsequent studies made for portions of the region. Among these are the
Northern Great Plains Resources Program stuéy, the Corps of Engineers' Missouri
River Main Stem Reservoir Regulation studies, the Bureau of Reclamation Power
Rate and Repayment studies, and industrial water marketing studies by a special
ad hoc committee of MRBC. Other estimates of water availability and use have
been or are being made by the States in their State water plans. The Corps of
Engineérs recently completed a draft of its '""Review Report for Water Resources
Development" (Umbrella Study) covering the Missouri River main stem from Three
Forks, Montana, to Sioux City, Iowa, which discusses the effects on the future
reservoir hydroelectric plant and river operations assuming different levels of
depletion in Missouri River flows. The Bureau of Reclamation, collaborating
with certain of the States and other agencies, has underway a Total Water Management
study covering the Missouri River and tributary areas above the Gavins Point
Dam, which is the lowermost of the six main stem dams on the Missouri River.

This study is attempting to better appraise irrigated acreages, diversion quanti-
ties, actual water usage, etc. MRBC has underway a Level B study covering the
Yellowstone River and adjacent coal areas which is curréntly scheduled for
completion in November 1977. MRBC completed a Level B study of the Platte River
Basin in Nebraska in 1976. An MRBC sponsored Level B study covering the Upper
Missouri River Basin in Montana is budgeted for initiation in FY 1978. 1In
addition, numerous other studies are underway or are programmed which cover
smaller areas within the region, and each of which is concerned, among other

subjects, with appraising water and land use, and their availability for instream
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uses and added development.

D. Salient Comparisons of Estimates and Discussion

It appears appropriate to present several pertinent comparisons of consump-
tive water use estimates, their depletion effects on streamflow, and the residual
water available to satisfy existing and future needs. Summary tables and compar-
isons for the drainage area upstream of Sioux City, Iowa, the outflow point of
ASA 1006, are also presented since this is one of the key index stations in the
region. It is the long-term gaging station used as a reference point to indicate
water availability in the six large upstream reservoirs; it is the head of
Missouri River navigation and generally indicates whether adequate water depths
for commercial navigation are available; and, during drought conditions, it is
the index point for showing anticipated reservoir inflows and reservoir releases
necessary to maintain adequate flows to assure downstream water quality and
fulfillment of essential water supply needs.

Tables 5 and 6 show estimated average annual depletions and residual flows
for the Missouri River at Sioux City, Iowa, and Hermann, Missouri, for 1975,
1985, and 2000 for the State/Regional Future (SRF), Framework Study (FS) pro-
jections, and the estimated average annual depletions for the Modified Central
Case (MCC). For comparitive purposes, the full natural unmodified flows derived
from the Framework Study were used for all three estimates as footnoted:

TABLE 5

Missouri River at Sioux City, Iowa, Estimated Average
Annual Streamflow Depletions and Residual Flows (in million acre-feet)

Estimated Depletions Residual Flowsl/
1975 1985 2000 1975 1985 2000
SRF 9.8 11.9 14.7 18.5 16.4 13.6
MCC 6.1 11.3 12:0 22.4 17.2 16.5
FS 2/ 7.8 9.8 1Ll.7 20.5 18.5 16.6
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TABLE 6
Missouri River at Hermann, Missouri, Estimated Average
Annual Streamflow Depletions and Residual Flows (in million acre-feet)

Estimated Depletions Residual Flowsl/
1975 1985 2000 1975 1985 2000
SRF 1545 18.6 225 49,2 46.0 42 .4
MCCZ/ 14.7 19.6 20.6 51.0 46.0 45.0
FS— 13.8 j iy g 314 915 48.0 44,2

1/Based on full natural, unmodified flows sf SRF 64,900,000 and MCC 64,900,000
(both corrected for imports) and FS 65,297,000 acre-feet (not corrected for
imports).

2/As derived from Missouri River Basin Framework Study basic tables.

Projections can be made from any base condition and assuming any of various

future events taking place. Obviously, from the table there are significant

variances in both the base conditions and future projections. Generally, where
water use is concerned, most projections have been overstated since they are
usually based on an optimistic future of events that would encourage greater
water use. However, of greatest concern to MRBC are the significant differences
in estimates of current (1975) irrigated areas, water withdrawals, consumptive
use, and depletions affecting streamflows. Dependable results in this respect
are essential to all regional planning studies, to the operating agencies in
forecasting water and power production and revenues, and to the States as they
propose developments and the effects thereof locally and regionally.

To provide insight for the variations in basic data and magnitude of differ-
ences, reference is made to Table 7. Here, compared for the three major sources
of projections, are the target year irrigated acreages, irrigation withdrawals,
and irrigation consumptive use estimates. Considering that irrigation uses of
water comprise about 90 percent of the total usage, it is apparent that irrigation
impacts heavily on all withdrawals and consumptive uses of water in the region.

It follows that to satisfy these irrigation consumptive uses there are major

depletions to the combination of ground and surface (stream) sources. Neither




the SRF nor MCC show the amount of irrigation consumptive use supplied from

ground water so it is impracticable to carry the comparison to "irrigation stream-
flow" depletions as was done in Table 5 for '"total" depletions. It is apparent
from Table 7 that the wide divergence in the irrigated areas and unit water
requirements therefor result in the wide divergence in withdrawals and consumptive

uses, and obviously in streamflow and ground water depletions if they could be

separated.
TABLE 7
Estimated Irrigated Area and Average Annual
Irrigation Withdrawals and Average Annual Consumptive Use
(thousand acres or acre-feet)
Average Annual Average Annual
1/ Irrigation / Irrigation
Irrigated Area— Withdrawals— Consumptive Use—
(thousand acres) (thousand acres) (thousand acres)
1975 1985 2000 1975 1985 2000 1975 1985 2000
Upstream of Sioux City, Iowa
SRF 3,686 4,331 5,623 15,317 17,579 20,555 7,233 8,687 10,560
MCCZ/ 25315 3,395 3,512 16,551 26,365 23,858 4,671 7,981 8,217
FS— 3,120 3,712 4,547 7,867 9,743 11,989 4,913 5,766 6,927
Upstream of Hermann, Missouri
SRF 11,463 14,288 17,402 31,389 37,688 43,226 16,053 20,351 25,331
MCC 7,890 8,976 9,614 35,912 45,913 42,360 14,833 19,096 19,299
FS 8,864 10,090 13,407 18,692 23,015 27,614 12,400 15,300 18,900

1/ As supplied from both surface and ground water sources.

2/ Figures for 1975 as interpolated between year 1970 and year 1980 original pro-
jections; those for 1985 as interpolated between year 1980 and year 2000
original projections. -

Representatives of the Bureau of Reclamation have expressed grave concern
about the various estimates of depletions and the Bureau's requirements to set
power rates and to estimate power production and revenues so as to meet reimburs-
ible costs within 50 years of project completions required by the directives

implementing the Flood Control Act of 1944. Several representatives of states

below Sioux City have expressed their concern that upstream depletions may

' .




jeopardize the future viability of Missouri River navigation and their other
water needs. The recently completed Corps of Engineers "Umbrella Report' also
expressed concern about the various depletion estimates and how these affect
planning for the future installation and need for additional hydroelectric gener-
ating units at the six main stem dams to meet increasing peak power load require-
ments.

It is obvious that one of the foremost‘requirements at this time is for the
Federal agencies and the States to firm up the basic data and to realistically
determine the amounts of water actually being used, where it is being used, and
how much water is available currently and as projected. Until the basic data
are obtained and verified, reservoir and related operations cannot be optimized,
water fesource planning conclusions cannot be formulated, and many attempted
decisions for the future of the Missouri Region will be indecisive.

E. Summary Tables

The following tables are summaries of SRF and MCC data for the Missouri
Region showing socio-economic characteristics, water volumetric requirements-
withdrawals, water volumetric requirements-consumptive use, and surface water
supplies. The first set of tables summarizes data for ASA's 1001 through 1006
upstream of Sioux City, Towa, and the second set summarizes data for the entire
region. MCC information displayed is taken from data dated February 20, 1976,
except for electric energy production data which is as recently revised by the
Federal Power Commission. In the Socio-Economic Charactéristics tabulation,
total land area includes water area and the acreage shown opposite feed crops is
for all non-irrigated cropland; hence, the blanks shown opposite food crops and
other crops. The SRF ground water withdrawals are the estimated amounts of
ground water which do not deplete streamflows, i.e., mined ground water. They

are not gross ground water withdrawals as shown for the MCC.
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IV. IDENTIFICATION OF SEVERE WATER AND RELATED LAND PROBLEMS

Under the WRC guidelines for preparation of three previous regional techni-
cal memorandums, MRBC identified 58 problem areas in the Missouri Region.
Through a screening process this number was reduced to 32 areas as having the
more severe, urgent and complex problems and issues. During Activity 3 of the
national assessment, 22 of the 32 problem areas were deemed to be adequately
covered by recently completed or ongoing studies, and 10 were retained for
further analysis as contained in MRBC's Technical Memorandum No. 3 and as
listed in Paragraph A, below.

There are many major problems and issues being addressed in the 22 problem
areas being studied; however, these may or may not be resolved. Since the major
focus of the 1975 National Assessment is on specific problem analysis, it appears
appropriate to at least summarize these major problems in this fourth and final
regional technical memorandum, as contained in Paragraph B.

Finally, there are many broad major problems and issues in the region which
transcend the specific problem areas previously covered. Following the WRC
guidelines led to delineation of problem areas with specific problems and issues
as covered in the three previous regional technical memorandums; however, MRBC
would be remiss if these major broad regional problems and issues were not
addressed. Many of these extend beyond the Missouri Region and some are national
in scope. These are covered in Paragraph C.

A. Summary of Activity 3 Problem Areas

Technical Memorandum No. 3 described 10 problem areas in the Missouri
Region and discussed the severe and urgent problems and issues in each area in
need of resolution at this time. The 10 areas, their general locations, and a
summary of the major problems in each area are presented below:

Bad River Basin. The Bad River Basin is located in west-central South

Dakota. The major problems identified relate to inadequate water supplies as to
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problems in the Big Sioux River; frequent flooding of many of the cities and
communities as well as agricultural areas that results in frequent damage and
loss of crops; poor ground water quality and a lack of reservoir storage severely
limits irrigation; low streamflows frequently cause water quality problems and
reduce stream fisheries; a lack of adequate fishing waters and, particularly, at
or near most of the communities, a lack of water-oriented recreation areas; a
lack of adequate recreational facilities at some of the natural lakes; and high
water development costs, together with local attitudes and inadequate support
concerning institutional arrangements and cost-sharing for needed project

developments.

Middle North Platte River Basin. The Middle North Platte River Basin prob-
lem area consists of the drainage of the North Platte River -and its tributaries
from the Seminoe Reservoir in Wyoming downstream to the Nebraska state line.
Major problems identified include unsatisfactory water quality at several commun-
ities; potential water uses for steam-electric power plant cooling, coal gasification,
and uranium milling in areas that already utilize most of the available water
supplies pose water supply problems; irrigation return flows and municipal
discharges at Casper, Wyoming, cause water quality problems; several communities
experience occasional flooding; about 156,000 acres of rural lands are subject
to flooding; stream sediments adversely affect stream fisheries and storage
capacities of reservoirs; about 23,000 acres are subject to erosion damage;
about 7,000 acres have drainage problems; many of the irrigated areas suffer
from late season water shortages; many of the irrigation facilities are in need
of rehabilitation and improvement, reservoir fluctuations, dewatering of tribu-
taries during the irrigation season, low tributary streamflows, and the practice
of rapid drawdown at Guernsey Reservoir to flush sediment into irrigation canals
and laterals are detrimental to the fishery locally; and increasing stream de-

pletions are causing concern downstream in Nebraska.
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Nebraska Panhandle. The Nebraska Panhandle problem area consists of the

North Platte River drainage above Lake McConaughy and the drainage of Lodgepole
Creek in Nebraska. Major problems include those of water quality caused by
several municipal and industrial effluent discharges, non-point agricultural
runoff, feedlot runoff, and chemical sediment content of irrigation return

flows; several communities, about 236,000 acres of agricultural land and many
irrigation structures suffer from periodic ‘flooding; soil losses from cultivated
lands exceed eight tons per acre per year; 70,000 acres of land have a drainage
problem; problems related to irrigated areas include systems rehabilitation

and betterment, water use conflicts and shortages, surface/ground water complexities,
and institutional constraints; increasing surface and ground water depletions

and man-made pollution that threaten the future of Nebraska's major trout fishery;
and pending energy developments and associated water use in Wyoming pitted
against agricultural and other water uses in the Panhandle that already show and
pose additional potential water use conflicts.

Upper Republican River Basin. The Upper Republican River Basin problem

area includes all the drainage of the Republican River and White Rock Creek
above their confluence. Major problems identified include several communities
susceptible to flooding; over 37,000 acres identified by the Department of
Agriculture as being subject to floodwater and sediment damages; stream sedi-
ments are a major problem; water quality; ground water pumping for irrigation
reduces surface water supplies and adversely affects several large Federal
reclamation projects as well as private irrigation; some irrigation facilities
that are in need of rehabilitation or replacement; the Harlan County Reservoir
recreation use problems caused largely by reservoir fluctuations, sediment
deposition, and upstream depletions; and replacement of wildlife habitat lost
due to the rehabilitation of irrigation facilities and accompanying problems

related to funding, maintenance, and selections of environmentally suitable
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other problems associated with droughts.

While the recent drought has affected the entire Missouri Region, some areas
are suffering more than others. From the standpoint of a large number of
people being directly affected, among the more glaring problem areas are the
rapidly growing Denver Metropolitan area and the entire Rocky Mountain Front
Range area in Colorado, which are in need of additional municipal and industrial
water supplies. In fact, the entire South Platte drainage area suffers from
water supply shortages, and these are being accentuated by the recent drought.

Almost every area has water quality problems. Those caused by industrial
or municipal pollutants are being corrected, and it is anticipated that by 1983
there will be few, if any, of these problems remaining. On the other hand,
many wéter quality problems resulting from natural and non-point sources probably
will remain. Some areas were also reported as having problems from saline seeps
and water quality being affected also by irrigation return flows and acid mine
drainage. Numerous small communities in the areas under study have water
supply problems. While a few rural water districts have been developed, which
are or will be serving some of these communities, the progress in development
and planning generally is very slow. Almost every problem area also suffers
from insufficient water-based recreational opportunities. These shortages are
most pronounced in and near areas of concentrated populations. Instream flow
needs to maintain fish populations, ecosystems, and associated terrestrial
habitats compete with other water needs. Land erosion is cited for most of the
problem areas since it reduces the productive capacity of the land. Also preva-
lent is gully and streambank erosion which is causing loss of wvaluable lands and
results in stream sediment that causes further problems. Falling ground water
levels in several areas are causing considerable concern over future availabil-
ity of adequate supplies for irrigation and, in some cases, municipal needs.

In some areas high ground water pumpage rates are affecting streamflow and their
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impact will increase over time.

Numerous urban area flood problems were reported and repeated flooding of
large areas of agricultural lands were cited as causing severe losses of crops
and millions of dollars of damage. A number of river segments were identified
as being appropriate for consideration as designated wild and scenic rivers,

Low streamflows and water pollution from many point sources were reported to be
adversely affecting stream fisheries at many locations throughout the region.
The need for more reservoir storage to supply water for energy, agricultural,
and municipal needs was an often repeated concern. A source of funding adequate
to develop projects for municipal water supply, irrigation, recreation, and
other needs was indicated to be a problem of many areas. Other problems cited
in the national assessment survey included conversion of agricultural lands to
urban and other uses, clearing of forest and wood lands for agricultural use,
coversion of marginal lands to row cropping, draining of wet lands for agricultural
use, which reduces available wildlife habitat, and overgrazing of pasture lands
and public lands.

Although it can be stated that almost all of the more serious problem areas
in the Missouri Region have been studied at one time or another, are being
investigated, or studies are programmed to consider them, solutions or resolutions
of the problems are often difficult. Studies can formulate and present plans
for possible implementation; however, lack of a source of adequate financing
can, and often does, forestall many plan implementations. Controversies over
project construction have caused and will continue to cause numerous delays and,
in some cases, have resulted in projects not being built at all. Since water
needs, people's desires and choices, laws, policies, institutional arrangements,
and many other factors are constantly changing, to accomodate it is imperative

that water resource uses and plans be updated continually.
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uses of water, it is imperative that studies be undertaken as soon as possible
to determine water availability, current uses, effects on streamflow, etc., and
to arrive at determinations acceptable to the States and the Federal agencies
concerned. There is too much at stake to delay these determinations. Federal
laws and policies require that agencies operating Federal reservoirs perform
these operations in accordance with the authorizing legislation and, in the case
of hydropower, to set power rates at a level adequate to cover operation and
maintenance costs and to repay investment costs over a specified number of
years. To perform these assigned tasks in an acceptable manner, the Federal
agencies need to have reliable estimates of probable amounts of water currently
available or those likely to be available for both the short-term and the long-
term future. In order to properly manage its waters, each State needs to know
how much water is currently available prior to embarking upon planning for its
future.

5. Water for Energy

Probably the most widely discussed topic in the Nation today is energy.
Water is an important component of energy production. Today's electric power
industry could not function without adequate quantities of water for cooling
purposes. If synthetic gas and oil are to be produced from coal, water will be
a necessary component of the process. Hydropower, although only a small but
important part of total energy production, is completely dependent on water.
Many reports on energy have been written and many projections of energy needs
have been made. Most projections are based on "what if' scenarios, but all
projections show a growing need for energy. None of them show declines. Water
will play an important role in our energy growth, although to what extent is
difficult to estimate. The Chicago regional office of the Federal Power Commi-
ssion has furnished current water use estimates for existing electric power

plants and, based on plants under construction and those planned, has furnished
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The major question to be answered is: '"Will the water supply be adequate in
quantity and quality to meet the forecasted demands while maintaining the quality
of life and social well-being of all the people?"

6. Ground Water and Surface Water Interrelationships

Ground water hydrology is one of the more difficult components of total
water resource management and planning. While there is considerable knowledge
concerning ground water resources in some areas of the region, there is a
notable lack of information on other areas. The interrelationships of ground
water with surface waters is even more complex than either resource taken alone.
Although it is generally acknowledged that, for most areas, there is an inter-
relapionship, the extent or effects thereof are not well understood. Available
information shows that in some areas ground water levels are declining, which
indicates that pumpage rates have outstripped aquifer recharge rates. In most
areas, infiltrating precipitation is the only source of replenishment to the
aquifer. In other areas, stream channels intercept aquifers and there may be an
interchange of water depending on the local relationships of water levels,
soils, rock formations, etc. It is becoming increasingly apparent that the
total water supply, both ground and surface, should be viewed as a single resource.
More and better knowledge is needed on the extent and quality of underground
water supplies and aquifer recharge rates. Determinations need to be made as to
the interrelationships of surface and ground waters, e.g., how does increased
ground water use affect surface waters and how does increased surface water use
affect the quantity and quality of ground water supplies. We need to know
whether these effects are short-term or long-term, whether there is a time lag
before the effects show up, and whether this can be measured in days, months, or
years. Because of variances, study areas need to be established and special

study criteria unique to each area need to be determined.
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7. Interbasin and Interstate Water Transfers

Interbasin water transfers or diversions have always been viewed with
considerable trepidation, and, when State lines are involved, fears become
magnified. Consequently, while many diversions have been proposed, only a few
have been adopted for implementation. Authorized and currently under construc-
tion are the Garrison Diversion and Oahe Units in North and South Dakota.
Colorado and Wyoming import water from the Colorado River Basin to the South and
North Platte River basins. The International Treaty of 1910 with Great Britain
apportions between the United States and Canada waters of the St. Mary and Milk
rivers. Other interstate compacts and court decrees provide for only limited
diversions, except that the Yellowstone River Compact forbids diversions from the
basin-unless agreed to by all three signatory States.

Competition for available water is increasing. Desires to increase water
use for irrigation and other legally defined beneficial consumptive uses are
competing with those desires to maintain and, in some instances, to increase
instream flows for fish, wildlife, and ecosystems for recreation. These latter
flow needs are as yet largely undefined and undetermined, although some studies
are underway and others are being initiated.

Droughts, with their accompanying low streamflows and diminishing ground
water supplies, usually result in those suffering from a lack of rainfall and
short water supplies casting covetous aspirations for diversions from those
areas and streams with a seemingly more plentiful water supply. Consequently,
there is much discussion about interbasin water transfers but, so far, little
legislative action has resulted to permit their realization. Two of the more
serious current proposals are (1) for diversion of Oahe Reservoir water by
pipeline to western South Dakota for municipal and industrial needs and possible
irrigation use and extending to the coal fields in northeastern Wyoming for

energy needs, and (2) slurry pipelines to transport coal long distances beyond
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the confines of the Missouri River Region, which also have the potential for
intermediate deliveries.

Interbasin water transfers within the confines of State boundaries is in
itself usually quite complex, involving legal questions and policy issues as
well. Taking water from a basin in one State and transferring it for use in
another basin of a different State is even more complex. Interbasin transfer of
waters may, in the future, fulfill needs considered to be dire enough so that
States may be willing to approach the subject with considerably less apprehen-
sion, Certainly, this option should be kept open, since it may prove to be the
only viable solution to a particularly vexing problem in certain instances.

8. Legal, Policy, and Institutional Problems

If there were no competition for available water supplies or if everyone
had an ample supply of water, there would be no legal, policy, or institutional
problems. To overcome some of these deficiencies and water supply limitations,
water storage reservoirs have been constructed, water is being imported and
exported, interstate compacts have been negotiated, and other innovative measures
have been undertaken. Some of the past actions have not been tested concerning
their legality and it is quite evident that there are a host of upcoming actions
which will be subject to adjudication through the court systems. Some of the
legal, policy, and institutional problems have been highlighted in the foregoing
problem discussions; however, it appears appropriate to present briefly some
discussion of other major problem areas.

The Flood Control Act of 1944 authorized construction of five large Missouri
River main stem reservoirs, numerous tributary reservoirs, and other water
resource development projects. The plan for development of the reservoirs and
associated developments originally referred to as the Pick-Sloan Plan is now
designated the Pick-Sloan Missouri Basin Program. Most of the reservoirs have

been constructed and are in operation. One important provision of the 1944 Act,
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referred to as the O'Mahoney-Milliken Amendment, states:

The use for navigation, in connection with the operation

and maintenance of such works herein authorized for con-

struction, of waters arising in States lying wholly or

partly west of the ninety-eighth meridian shall be only

such use as does not conflict with any beneficial consumptive

use, present or future, in States lying wholly or partly

west of the ninety-eighth meridian of such waters for

domestic, municipal, stock water, irrigation, mining or

industrial purposes.
The 1944 Act is silent concerning relative preference to be given other noncon-
sumptive water uses, including hydropower generation. Whether as a result of
the Act or for some other purpose or motive, considerable debate concerning
foremost preference of use has been generated. As competition for use of avail-
able water supplies has increased so have questions and arguments pertaining to
jurisdictional control. This is particularly evident concerning jurisdiction
over water impounded in the Federally constructed reservoirs. Jurisdictional
questions were raised by several of the States in commenting on extension of the
Memorandum of Understanding between the Secretary of the Interior and the Secre-
tary of the Army concerning water marketing for industrial purposes from the six
Missouri River main stem reservoirs. The initial MOU was for a two-year period,
ending February 24, 1977, and was twice extended to remain in effect now until
September 1, 1977.

It is appropriate to present at least some of the more important issues
raised concerning the MOU as they apply to the six main stem projects since they
may apply also to other Federal reservoir projects. Since it is not explicitly
covered in the Flood Control Act of 1944 or subsequent acts, the question has
been raised whether the Federal agencies have congressional authority to market
water from the six main stem projects for industrial uses. The authority of
the Bureau of Reclamation to act as a water marketing agent of the Federal Govern-

ment has been challenged, but a 1976 decision by the U.S. District Court in

Montana supports the premise that this authority exists. If such authority does
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population and often are embodied in one or several large reservoirs. Therefore,
the MCC data are misleading. The MCC does not reveal that there are numerous
areas in or near the population centers in the Missouri Region with inadequate
water-oriented recreation opportunities and water areas. However, MCC information
cites low streamflows and inadequate access as recreation problems in the region.

The non-uniformity of the State-prepared SCORP reports is a problem when
attempting to determine the adequacy of water-oriented recreation opportunities
available or in determining the inadequacy of available water and land areas and
facilities. The Bureau of Outdoor Recreation prepared data for the MCC at the
ASA Level does not adequately fulfill the need to determine the adequacy of
water-oriented recreation areas and facilities. There is a need to establish
uniform criteria and procedures in defining recreation opportunities and needs,
evaluating recreation benefits, and assembling associated recreation data and
information.

12. Envirommental Concerns and Issues

The total enviromment includes of course everything surrounding us—--all of
the things occurring in nature and the man-made changes and additions. Man
has modified the environment, starting from a primitive state and progressing to
today's sophisticated life styles brought about by his technological innovations.
Nature too has been evolving and changing the face of the earth. The ice ages
drastically changed the geography. Changes are constantly taking place in
animal and plant varieties. Today's environmental concerns and issues are
generally related to nature--land, water, air, flora, and fauna--and man's
effects on nature. The ensuing paragraphs then pertain to the more outstanding
concerns and issues as they relate to the region's natural environment.

The problems of the need for quantification of instream flow needs for
fisheries, wildlife, and ecosystem preservation have been previously discussed

and water quality problems are discussed in a later section., As the uses of and
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competition for available surface water supplies have increased, so have concerns
about the amounts of water left or the lack thereof in the streams. Man's use

of water to increase crop production, to satisfy municipal and industrial

needs, and for other purposes has greatly reduced the streamflows in many areas
of the region. In many instances, water stored in upstream reservoirs augments
low streamflows, even to the extent of providing more flow than would have
occurred under natural conditions. There are choices to be made such as whether
to curb man's use of water, mandate-certain minimum streamflows, or to provide
upstream reservoir storage so that low streamflows can be augmented.

The Missouri Region, bounded on the west by the Rocky Mountains, with large
expanses of prairie lands, low population densities, and a diverse climate,
affords many opportunities for wild and scenic river and primitive recreation
area designations. Many of these opportunities were described and discussed
briefly in the regional Technical Memorandum No. 2. As each of these potentials
is studied in detail, consideration will need to be given to its effects on
residents of the area and whether it is in the best interests of the Nation to
set these areas aside for control and limited use for environmental protection
or preservation. The residents of the area under consideration should be given
every opportunity to present their views.

Today's environmental concerns and issues include all of man's activities.
Expanding cities continue to take land out of agricultural production or land
which could be used for some other purpose. Inadequately treated municipal and
industrial waters. pollute our streams and, in some instances, our ground water.
Man's use of the land to grow the food and fiber needed to feed and clothe the
people of our Nation and the world affects the land and water and even the air.
It affects naturally occurring animals, birds, and plants. Irrigation water used
to increase crop production depletes the stream and ground water in storage.

The arguments and contentions concerning man's effect on his environment rage on
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and on. Scientists cannot agree on many of the short- and long-range effects on
the environment or what the effects on projected lifestyles will be. One thing
is certain, the interactions and complexities are too great for man to fully
comprehend and evaluate using only limited available knowledge.

The national water assessment is concerned primarily with water and related
lands and the needs and problems associated with them. In the Missouri Region,
most of the publicized environmental concern controversies are related to Federal
water resource developments and the permit process for developments by non-
Federal entities. Current Federal planning processes provide that environmental
quality be given equal consideration with economic evaluations; thus permitting
a choice between environmental preservation and economic gains. Following the
intricate guidelines, environmental quality objectives are displayed, together
with economic evaluations and other considerations. The political process is
relied upon to make the choices and to determine the tradeoffs. Several recent
controversies in the region have revolved around Federal irrigation and multiple-
purpose projects which include construction of reservoirs, canals, and associ-
ated facilities, as well as more intensive land cultivation. It is of interest
to note that most of the recent increases in irrigated lands have been by indi-
viduals and that the total number of acres irrigated from Federal projects in
the region constitute only about 10 percent of the total. The concerns and
issues usually are over development or no development, although some are related
to the manner of water use and what happens because of "it. The available water
resources are more or less finite although the amount of water available varies
over wide limits from year to year and month to month. Primary concerns are for
the extremes, or what balance to seek in storing excess waters for use during
periods of shortages to attain higher degrees of utilization in fulfilling our
growing needs or to be satisfied with water supplies remaining as provided by

nature. Since every action involves environmental changes, and it is obvious
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that human needs are going to continue to expand, the planning of water and
related land resource developments should proceed with the best evaluations
possible of alternative uses and for both beneficial and adverse effects. Just
as adequate housing for protection against nature's elements is fundamental to
mankind's well-being, so are efforts to improve on nature's way of providing
inadequate precipitation and water availability or, at times, too much.

13. Navigation Flow Requirements

The Missouri River navigation project extends 732 miles from Sioux City,
Iowa, to the mouth of the river near St. Louis, Missouri. It is an open river
channel of 9-foot depth with the banks secured by stabilization structures. A
system of six large main stem reservoirs regulates the river flow to provide
water for several purposes, including an 8-month navigation season during the
ice-free season from April through November. The flow rates needed to maintain
9-foot depths are 30,000 cfs at Sioux City, 32,500 cfs at Kansas City, and
35,000 cfs at the mouth of the river.

The upstream reservoir storage system provides a capacity equal to about
three times the average annual flow at Sioux City. Because the amount of water
available and the depletions above Sioux City are under contention, so is the
present average annual flow at Sioux City. Nevertheless, it is probably somewhere
around 19 to 22 million acre-feet annually. To maintain adequate streamflows to
meet downstream water quality requirements and M & I needs and for an 8-month
navigation season requires about 15 to 16 million acre-feet annually. Projec-
tions of possible depletions and residual water supplies indicate these average
annual flows will probably be available through the year 2000 except during
extended drought periods such as occurred from 1930-1941. However, because of
increasing upstream depletions, inflows into the reservoir system would fall
considerably below the average during extended drought periods. The first

requirement in releases would be to maintain adequate streamflows for water
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South Dakota, in 1972 and in the Big Thompson Canyon in Colorado in 1976.

17. Municipal and Industrial Water Needs

The Safe Drinking Water Act of 1974 authorizes the Environmental Protection
Agency to regulate the contaminant levels in public water systems and to promul-
gate national primary standards for drinking water, which includes all public
systems with 15 or more connections and serving 25 or more persons, excluding
systems used primarily for storage. The States are given primary enforcement
responsibility. Many small communities in the region do not have readily avail-
able water supply sources which can pass standard public health requirements nor
do they have the financial means whereby acceptable water supplies can be obtained.
Without considerable Federal assistance, it is highly doubtful whether many of
these communities will ever have acceptable public water supplies.

There are many communities and even several large cities in the region with
inadequate sources of water supplies to meet these current and projected needs.
The recent drought has affected many areas. Many communities and livestock
raisers, particularly in the Dakotas, were forced to haul in water supplies.
Many others instituted water rationing to conserve available supplies. The far
below normal winter snowpack in the Rocky Mountains is causing great concern,
particularly in Colorado where plans for water rationing and water use restric-
tions are being readied in case of need.

Studies are underway and some have been completed on tentative schemes to
supply M & I water to a number of communities in eastern South Dakota. Similar
studies are programmed for western South Dakota. Numerous studies have been
made and others are underway to consider alternative schemes to supply M & I
water for the cities and communities along the Front Range area of the Rocky
Mountains in Colorado. Many communities in northwestern Missouri, southwestern
Iowa, and southeastern Nebraska obtain their water from shallow aquifers which

tend to dry up or nearly so during extremely dry periods. While rural water
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problems caused by farm and ranch operators although increasing emphasis is
being placed on management of irrigation water use and on education and training
in the usevof farm chemicals. It may be possible to reduce somewhat the salini-
ty of irrigation return flows in some areas, although to what extent is not now
determinable. One of the more significant stream pollutants throughout most of
the Missouri Region is sediment resulting from sheet, gully, and streambank
erosion. This problem is most prevalent' throughout ASA 1009 and the northern
part of ASA 1011 in northwestern Missouri and southwestern Iowa. Although
improvements in land conservation practices, controlled grazing, taking some
lands out of cultivation, and installing control structures will probably lessen
the pollution, stream sediment will always be a major problem. Also, there are
no apparent feasible solutions to the water quality problems caused by other
naturally polluting areas, such as the Badlands of South Dakota in ASA 1005.

The amount of data available concerning the quality of surface waters in
the region is somewhat less than desirable. More sampling stations and a reliable
method to transmit the available data are needed to provide better coverage.
Records at existing stations are not available for a period long enough to
define accurately the changing quality of water. Data concerning the biological
quality of surface waters are particularly deficient. The staff report to the
National Commission on Water Quality recognized the lack of data as a nationwide
problem, Also, the staff encountered problems in attempting an environmental
assessment of the P.L. 92-500 program. The staff report, dated April 1976,
states on Page IV-1: '"measuring and predicting the environmental impacts of
introducing certain pollutants into a controlled aquatic system is possible.
However, relating that information to entire drainage systems, and accurately
predicting effects resulting from introducing pollutants to or removing them
from complex aquatic environments, usually stretches the application of eco-

systems analysis beyond the present state-of-the-art and beyond the existing
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using SRF and MCC estimates. The need for a study to determine more precisely
current water uses and water availability has been discussed previously. While
implications using various estimates could be drawn, such a discussion here
would be of questionable value since the need for a more definitive study is
being discussed widely. Rather, it is considered to be more useful to discuss
implications concerning the 19 major problems and issues affecting the Missouri
Region. The SRF and MCC estimates of waﬁer withdrawals and consumptive water
use and, resultant depletions of streamflow are significantly greater than other
previous estimates. Because of this, some adverse comments were generated;
particularly, as these greater estimates affect the current and projected opera-
tion of the Missouri River main stem reservoir projects and the indicated amounts
of wéter available or likely to be available at and in the Missouri River below
these projects. With the indicated reduced inflows to the reservoirs, less
power would be generated, which would affect power rates calculated to repay the
power investments.

B. Major Problems and Issues

~

With Indian and Federal reserved water rights being indeterminable, water
resources planning is difficult and, in some cases, impossible. Until these
rights are quantified, planners cannot determine how much water is available for
use where and in what quantities. Although planning can proceed on the basis of
"what if" type scenarios, there is great reluctance to make large investments
for water resource developments without adequate assufance that the quantities
of water needed will be available to make possible the repayment of the invest-
ment costs,

There is a need to determine more precisely how much water is currently
being used, where it is being used, and for what purposes. These determinations
will then lead to a better knowledge of how much water remains to meet future

needs. Until this study is completed, planning for future water uses, quantifi-
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cation of instream flow needs, water allocations, and related subjects cannot
proceed with the definition needed. The implications of not resolving the
quantification of current water uses are self-evident and place a stigma of
uncertainty on planning for future water uses.

Water for energy is a problem. While completed studies and those underway
indicate that adequate water supplies needed for energy development are avail-
able, the water is not always available in the quantities at the precise locations
needed. The current Level B study of the Yellowstone River Basin and Adjacent
Coal Area, scheduled for completion in 1977, will delineate the areas where and
what types of water resources development projects are needed, as well as provide
estimates of the quantities of water involved. If greater reliance is to be
placed on the use of coal to meet the Nation's energy needs, development of
adequate water supplies will also be required.

The effects on surface water supplies and on streamflows caused by the
increased pumping of ground water for crop irrigation and other uses need to be
defined in many areas of the Missouri Region. Also, there is a need to more
fully understand the effects of ground water pumping on the available storage in
various aquifers. Since each aquifer is unique and the effects on streamflows
vary, specific areas for study need to be delineated. The consequences of not
determining the basic relationships and subsequent management strategies to
conserve or use the available supplies could be severe economic and social
problems for large areas throughout the region.

Any proposal for transfer of water from one basin for use in another basin
or across State lines is generally approached with considerable caution because
there are legal questions concerning water rights and opposition from local resi-
dents. While some transfers of this nature are provided for under existing
compacts and treaties, it appears that more serious consideration should be

given to transfers from water surplus areas to water short areas. In some
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on more thorough studies and scientific analyses than are presently available,
any new water diversions or proposed project developments may encounter delays
until such determinations are made.

Water-related recreation needs too are not very well defined. The SCORP
reports prepared by the States lack uniformity, making it difficult to prepare
regionwide assessments of needs. There is a need to establish uniform procedures
and sets of criteria for estimating various activity participations and in
projecting water based recreation needs. Until this is accomplished, it will be
difficult to determine the adequacy of existing water bodies and facilities to
meet current recreation needs and even more difficult to project the future
needs.

The environmental concerns and issues related to water uses, water resource
developments, and water availability are generally directed to the notion that
any change is detrimental to the environment. Since there are few yardsticks by
which to measure envirommental or ecological changes which would result from
increased or changed water uses or from water resource developments, many deci-
sions are based largely on judgments of what these effects would be. The Federal
agencies have greatly improved their consideration and presentation of environ-
mental and ecological effects in reports and environmental impact statements on
proposed significant Federal actions. However, the constantly expanding list of
endangered species and additional envirommental factors to be considered make it
difficult to keep environmental assessments current at all times and, at times,
have even prevented completed projects from becoming operational. Addressing
environmental concerns and issues is complex and difficult, and it becomes
nearly impossible when these are constantly changing. While evaluation procedures
for determining project benefits and costs are quite clearly established, similar
evaluations of environmental and ecological effects are not established, making

it difficult to prepare meaningful comparisons.
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The flows to maintain an 8-month season for the Missouri River navigation
project extending 732 miles from Sioux City, Iowa, to the mouth of the river are
dependent on the amounts of water in storage in six large upstream main stem
reservoirs operated by the Corps of Engineers. During prolonged drought periods,
upstream depletions and tributary inflows may not be adequate to sustain a full
8-month navigation season. If upstream depletions become too great or drought
conditions persist, Missouri River towboat operators may have to be satisfied
with a shorter season or in time they may elect to forego attempts to maintain
operations all together. If either of these events happens, shippers will
probably have to rely partially or entirely on some other form of transportation
for those commodities they normally ship by river barge.

There is a great need for soil conservation and land treatment measures,
gully erosion control structures, and streambank erosion control throughout most
of the region. Sheet erosion results in loss of valuable topsoil and gully and
streambank erosion causes loss of valuable and irreplaceable lands. Most of
this soil loss ends up as sediment in the streams and rivers where it causes
further problems, particularly those of water quality. The implications of
these soil and land losses on agricultural productivity are self-evident. While
the collective losses in any one year may not be great, the long-term effects
could result in serious reduction of the agricultural productivity of the
lands.

Flooding is a problem throughout much of the Missouri Region. Although
most of the major metropolitan areas have a fairly high degree of protection
along the major waterways, there remain numerous problems along small tribu-
taries and from a lack of adequate internal drainage. Many small communities
suffer repeated damages to improvements currently located in the flood plain
areas. Agricultural damages and rural improvements, such as roads, bridges, and

utilities, remain high throughout most of the region. While flood insurance
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VI. REGIONAL VIEWS OF PRESENT AND EMERGING NATIONAL ISSUES
The regional views of present and emerging national water-resource related
problems and issues will be furnished in the regional comments on the draft
National Assessment Report. Although most of these views are known at this
time, it is considered more appropriate to reserve comments since the emphasis

and manner of presentation in the national report could alter the nature of the

regional comments.
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River near the mouth of the Big Sioux River is currently scheduled to be ini-
tiated in 1980 to assimilate and to fill out a basinwide plan.

North Platte River, Wyoming--This area would be included in a proposed

Upper Platte River Basin Water Management Program study to be led by MRBC and
the Department of Interior for initiation in fiscal year 1978.

Nebraska Panhandle--This area would also be included in the proposed Upper

Platte River Basin Water Management Program study for initiation in fiscal year
1978.

Upper Republican River Basin, Colorado, Kansas, and Nebraska--The Bureau of

Reclamation hopes to initiate work on an Upper Republican River Basin Water
Management study at an early date, and the Soil Conservation Service has an
ongoing cooperative study covering the Republican River basin in Nebraska.

These agency studies will be coordinated and will cover the major water problems
of this area.

Big Blue and Little Blue River Basins, Kansas and Nebraska--The State of

Nebraska has studies underway leading toward preparation of a comprehensive plan
for the second section of the State water plan for this basin in cooperation
with and assistance from several Federal and state agencies. Assuming that the
Federal agency assistance continues as programmed, further study proposals are
considered unnecessary at this time.

Tri-Cities, Missouri--The most serious problems in this area are related to

pollution of both surface and ground waters. Presumab}y, EPA's P.L. 92-500 pro-
grams will resolve the major point source pollution problems in the area. Other
point source pollution problems may require the attention of State and local
programs and enforcement. One remaining pollution problem stems from acid mine
drainage from orphaned coal mines. Unfortunately, there currently are no
Federal programs to resolve this problem. An MRBC sponsored study of the

Missouri River drainage between Kansas City and the mouth is proposed to be
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The most serious problems and issues confronting the Missouri Region which
cover broad areas and are of widespread interest are described and discussed in
Section IV(C). While it may be quite difficult to formulate, to the satisfaction
of all concerned, plans to study many of the major problems and issues, the mere
fact that the problems persist indicates the need to make extensive efforts to
initiate appropriate studies. Hopefully, through the coordinated efforts of
the Federal agencies, States, and others, all facets of the problems can be
surfaced and appropriate resolutions of the problems and issues devised. At
least, by the process of appropriate studies, alternative solutions could be
devised from which selections could be made. Where agreement among concerned
interests cannot now be reached for the undertaking of certain studies, these
studies should not be delayed interminably lest interests outside the region step
in and impose unwanted resolutions.

There is a pressing need to determine the Indian and Federal reserved water
rights and the quantification of these rights. There is great reluctance among
some of the Federal agencies and some of the States involved to undertake this
study at this time because of the fear that it might prejudice the outcome of
judicial proceedings. On the other hand, there is considerable support for a
study of Indian and Federal reserved water rights, which would improve knowledge
and the basis for negotiated answers in the event the courts are requested to
adjudicate these rights. Since consensus of MRBC members could not be reached,
an ad hoc committee has been retained to review and monitor activities of Federal
and State agencies.

Frequent proposals have been made to undertake a study of alternative uses
of water, changes in water use, water allocations, and related topics; however,
consensus of MRBC members could not be reached to undertake a study of this
nature at this time. It has been generally agreed that such a study should be

undertaken, although it may not be appropriate at this particular time.
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the Missouri Region by the Federal Power Commission shows thermal electric power
generation increasing about sixfold from 1975 to 2000 or from 75,236 GWH to
448,618 GWH. The water consumed in the thermal electric power cooling process
is expected to increase from 67 MGD in 1975 to 636 MGD in the year 2000. This
is nearly 10 times more water than was consumed in 1975, but it represents only
about 3 percent of the water projected for consumptive uses in the Missouri
Region in the year 2000. While a problem. in some areas locally, it does not
appear that water availability will be a limiting factor on the development of
projected thermal generation of power in the region. Depending on site location,
water availability, and other factors, some plants may require a cooling system
which is more costly than the current most common once-through cooling type.
There are a number of widespread concerns regarding the use of Missouri
Region waters to support energy development initiatives. Some of the more
probable impacts on the water resource base include the basic concerns associated
with water depletion, alteration of streamflow patterns, transregion diversilons
related to coal slurry pipelines, water quality deterioration, destruction or
alteration of established aquatic ecosystems, limitations on water-use options,
and alteration of aquifer integrity including surface-ground water interchange.
Completion of the Level B study on the Yellowstone River Basin and Adjacent Coal
Area should provide much better definition of the impacts of energy development’
on the water resources of this coal-rich area. However, it does not appear that
water availability would be a limiting factor, although adequate water quantities
may not always be available at site-specific locations. Assuming that energy
developments in this area would require as much as one-half million acre-feet
annually, this would be only about 6 percent of the average annual amount of
water currently flowing in the Missouri River below its confluence with the
Yellowstone River and less than 3 percent of the average annual flow at Sioux

City, Iowa.
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Recent significant increases in the use of ground water for irrigation in
some areas of the region are causing comnsiderable concern. Some State legisla-
tures are discussing making changes in water laws concerning the use of ground
water; however, there is general recognition that better information on ground
water recharge rates, short-term and long-term effects on aquifers and on stream-
flows, pumpage rates, falling water tables, and similar data are badly needed
before attempting to significantly change or add to existing laws. Study areas
need to be established and study criteria established for those areas where
ground water use is increasing significantly and the basic studies initiated as
soon as possible.

Interbasin transfers of water may provide the most viable and economical
solutions to the problems of some water short areas. Existing legal and other
restrictions pertaining to interbasin water transfers should be reviewed, particu-
larly where it is determined that the need is great and other solutions are not
available.

Legal, policy, and institutional arrangements concerning water resources
should be reviewed periodically to determine if they are a part of the problem,
if they are outdated, or if changes would improve problem resolution possibili-
ties. Recent Congressional environmmental legislation has not been in agreement
with other Congressional actions which authorized and funded for construction
numerous water resource development projects. These actions have resulted in
considerable uncertainty and a waste of Federal funds. A cohesive Federal
policy concerning water resources developments is needed. This is complicated,
however, by a lack of assurance of Federal cost-sharing arrangements covered in
a study and recommendations requested by Congress in Section 80(c) of the 1974
Water Resources Development Act. The States need to know the direction of
Federal policies, assurances as to Federal institutional arrangements to carry

out those policies, and what cost-sharing and other basic arrangements to expect.
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and needs, the evaluation of recreation benefits, and associated recreation data
and information.

The primary concerns and issues pertaining to water resources and related
lands in the Missouri Region revolve around developing or not developing proposed
Federal water projects or the granting of Federal or State permits for the
construction or development of facilities which may affect the quantity or
quality of water. While water resource development proposals undergo rigorous
evaluation tests, much scrutiny, and envirommental analysis, most decisions
where environmental issues are involved are based largely on judgment. There is
a need to clarify procedures and evaluation techniques so that, once construc-
tion of a project has been started, there is assurance that it will be completed.
In too many cases, regulations are changed without adequate consideration being
given to the effects of those changes on projects, power plants, or other facil-
ities being constructed. These changes often result in greatly increased project
costs or, even worse, completed projects which cannot be operated for their
intende§ purposes.

Because agriculture is the principal industry of the region, the widespread
interest in land conservation measures and treatment practices is readily under-
standable. Through education and because of a desire by most farm operators to
preserve the land while continuing farm productivity, there is widespread inter-
est in following good land management practices and in installing land treatment
and watershed protection measures. Although progress is being made in these
areas, there is a need to increase Federal funding levels to accelerate these
Department of Agriculture programs. Streambank and gully erosion are serious
problems throughout most of the region. It is estimated that streambank erosion,
measured in 1967 dollars, causes damages of nearly $7 million annually. It is
also estimated that there are over two million acres subject to gully erosion

damage causing annual damages, in 1967 dollars, of almost $32 million. Since a
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