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FOREWORD

The task of assembling information and preparing this
appendix was assigned to the “Work Group on Present
and Future Needs”™. The “work group™ acted as a
guiding and reviewing body. Seven “task forces™.
organized along functional lines. provided the special
skills and talents required in making the studies.

Chairmen  of these task forces were selected from

Federal agencies having expertise in each function. Task
force members were selected from both Federal and
State agencies having a  planning  or  regulatory
responsibility involving water and land resources

Figure | shows the organization adopted by the
Missouri Basin Inter-Agency Committee to conduct the
study and personnel assigned to the work group and task

forees.
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|
i




At the threshold of America’s 200th birthday, our
leaders are properly concerned with the status of our
natural resources, and particularly water. In directing
this report, the Congress used the term “Compre-
hensive” — having a wide scope. The many writers and
technical people who have put together the material for
this specialized appendix have tried to make it also
“Comprehensible™ — capable of being understood.

Those readers who seek the detail contained in the
appendices are entitled to the easiest possible communi-
cation with those who have studied the basin. Although
the backgrounds of those who read may vary greatly,
this appendix attempts to state the problems as simply
as feasible and to set forth needs that are realistic. The
basin problems are necessarily complex. Possible solu-
tions usually contain a time factor which is not precise.

Recognizing these complexities in advance. but
understanding the sincere concern of the specialists in
facing them, the reader may share the difficulties and
also the gratificat.on in trying to use the basin’s
resources to the optimum.

That part of the basin within the United States
comprises 519,300 square miles, or one-sixth of the area
of the 48 contiguous states. It is an area of physical as
well as climatic extremes. Natural resources available for
development are abundant, but vary from place to place
within the basin. Population density ranges from one
nerson for 2 square miles in Garfield County. Montana,
to high concentrations in the larger metropolitan areas
of Denver, Colo., and Kansas City, Mo.

Despite the size and extremes of the basin. the needs
and desires to control and use the water resources are
remarkably similar throughout the basin. Overall, they
invoive the use of water and related lands to create a
balanced living environment for the next 50 years. In
this they involve the use of water for drinking. industry.
sanitation, agriculture, navigation, recreation. and fish
and wildlite; and for the control of floodwaters.

Purpose

It is the purpose of this appendix (1) to present facts
and findings of extensive studies on existing needs and
uses of water, (2) to analyze and project the needs for

SUMMARY

water in the years 1980, 2000, and 2020, and (3} to set
forth needs for associated changes in land use.

The basin needs have been expressed in a wide variety
of positive terms such as pounds of meat. kilowatt-
hours, recreation-days, etc.. which are convenient and
necessary units by which to express the needs tor water
and related changes in land use. Since the desired
end-product is an evaluation of such needs for water and
related land-use changes. these terms have been used to
the extent possible. Inasmuch as needs in the field of
flood control and erosion prevention do not lend
themselves to the use of these terms, they are defined
and evaluated in average annual damages.

In general, the needs for water are expressed in
diversion requirements. and in consumptive use. In most
instances. much of the water diverted is returned to
streams and is available for reuse: therefore. diversion or
farm-delivery requirements cannot be added in order to
obtain any meaningful total figure. Also. some uses are
complementary, or overlapping in effect. As an example.
water supplied to meet navigation requirements is also
available to help fulfill the requirements of municipal-
ities. industry, quality control. fish and wildlife, and for
recreation. Return flows from irrigation developments
can be used to meet or serve other functions.

A need associated with the general well-being of
people is the prevention and control of vectors and
vector-borne diseases that constitute public health
hazards. Mosquitoes. horsetlies, and deertlies are the
more serious vectors assoctated with the management
and control of the basin’s water resources. Prevalent
habitat for these vectors are inundated floodplains.
ponded and seeped areas associated with improper
irrigation practices, ar 1 ponded areas = open treeless
prairic regions which are largely undei cultivation.
Specific needs for vector control have not been
developed in this study. although fulfillment of the
needs for tlood control. irrigation system rehabilitation.
agricultural drainage. and soil and water conservation
will be an improvement in vector control. Further. it is
assumed that vector controls will be included in the
design, construction. and operation of the potential
water resource developments,




The need for changes m land use are summarized for
specific ot primary  purposes. and for ancillary uses.
Land devoted to ancillary use for one purpose. can also
readily serve in complementary fashion for other
purposes, such as fish and  wildlife and recreation.
Agricultural croplands can frequently be used in a dual
role to meet recreation and wildlife needs.

AGRICULTURE

Agriculture is the largest industry in the Missouri
Basin. The basin’s production is an important part of the
Nation’s agricultural production. About 312 million
acres of the basin’s land is used for some kind of
agriculture, including forestry. Cropland is estimated at
104 million acres. of which 6.9 million acres are
irigated. An additional 189 million acres are used for
grazing, of which about 0.5 million acres are fully o
partially irrigated.

With 25 percent of the Nation’s cropland. the
Missouri Basin regularly produces a third or more of the
Nation’s wheat. 40 percent of the rye. 30 percent of the
sugar beets. 50 percent of the tlaxseed. and 25 percent
of the Nation’s cattle. hogs. and sheep. It also produces
between 20 and 30 percent of the feed grains such as
corn. barley. and sorghums. The current normal crop
production capability exceeds demand placed on the
basin by about 7 percent.

The number of farms has decreased from 528,000 in
1949 to 380.000 in 1964, and this trend is expected to
continue, but at a lesser rate. The decline in the number
of farms results in an increasing size of farm and a
decreasing rural population: however. gross farm income
is projected to increase from $5.3 billion in 1960 to over
S14 billion in 2020,

Food and fiber requirements for the basin are
projected to exceed current normal production levels
approximately 2.2 times by 2020. Commodity require-
ments by time periods are indicated below and are
summarized in chapter 2.

AGRICULTURAL PRODUCTION INTERMS OF CROP
AND FORAGE PRODUCTION REQUIREMENTS FOR
THE MISSOURT RIVER BASIN

Year Production Index
Current Normal 100
1980 {34
2000 164
2020 207

Ihe projected capability of the agricultural resources.
considering only technological improvements. land con-
servation, and improved livestock feeding efticiencies. is
estimated 1o be able to meet the projected food and
fiber requirement of the basin through the year 2000

Increased production of approximately S to 10 percent
by means other than those specified will be required by
2020 to meet the basin’s production requirements. This
additional production will be provided by some combi-
nation of alternative means. lhrigation of 7.6 million
acres of cropland now dry farmed is the only single
method that could meet all the increased needs by 2020.
Conversion of 20 mithon acres of pasture and rangeland
to cropland could meet about 80 percent of the -
creased needs: flood protection of agricultural lands
about 15 percent: drainage of croplands less thun
10 percent: and rehabilitation  of  existing irrigation
systems less than 5 percent. A combination of these
methods will undoubtedly be used to satisfy the
increased needs of the basin beyond 2000.

Most of the 7.4 million acres of land now irrigated is
in the western and central or more arid parts of the
basin. However, residents of the more humid parts of the
basin are beginning to recognize the value of diversity
and stability afforded by irrigated agriculture. A fore-
seeable potential exists for additional irrigation develop-
ment on 10.8355.000 acres although 64 million acres are
physically suitable for irrigation.

Average annual crop vields from  lands can be

increased substantially through irrigation for all parts of

the basin. In addition. the variation of annual vields
from the normal average. with irrigation. would be
rediced  two 1o two-and-one-half times.  Irrigation
permits a diversity of crops to be grown and to plan
farming operations well in advance. thereby reducing
hazards associated with the one- or two-crop economy
and achieving greater economic and social stability.

The desire of the basin’s tarmers to attain local and
regional stability plus the basic profit motive can be
expected to encourage large-scale urigation develop-
ments and to improve the existing irrigation systems
long before a need for incredsed agricultural production
is reached at a national level. Increased agricultural
production may be attainable through mmprovements to

existing irrigation systems or through combinations of

systems as indicated by the following tabulation:

POTENTIAL FOR EXISTING IRRIGATION SYSTEMS

N

Ditch Consolidation 3,309 miles
Ditch Lining 5392 miles
Drainage Ditches (service arca) 717.000 acres
1.180.000 acre-teet

1. 413.000 acre-teet

Storage Requirements

Total New Water Available
Storage Water and Saving i
209,000 acre-feet

Transportation Losses
Increased Net Future Water

Depletion 196 000 acre-teet
(499 090 acres tor
production only )

Equivalent Trngated Area




Much of the flood control which would benefit
croplands will be needed for other purposes before
2020. Consequently, it is thought that many of these

potentials will proceed at a fairly uniform rate from the

present time. If the anticipated increase in production of

the basin’s existing agricultural plant materializes. agri-

cultural production somewhat above the basin’s share of

national needs can be expected.

An estimate of the probable irrigation development in
the basin by 2020 would require a complex coordination
with the needs for agricultural products, for regional
stability, and availability of water. Such a determination
is beyond the scope of this part of the study and.

consequently, no estimate is given of the amount of

water required for irrigation. Water used by livestock.
including evaporation of water from stockponds. is
expected to increase from [.1 million acre-feet per year
in 1965 to 2.3 million acre-feet per year in 2020. The
increased  water consumption expressed in - million
gallons per day, and other data. are summarized in the
following tabulation:

LIVESTOCK WATER REQUIREMENTS
1980 2000 2020

(Cumulative)

Increased Consumption

(million gallons per day) 195 414 708
New Farm Ponds

(number in thousands) 58 95 116
Source of Water (percent)

Ground 54 53 52

Surface 46 47 48

Agricultural land in the basin with a drainage problem
and considered potentially suitable to drain for agricul-
tural purposes totals S.1 million acres. Of the total. it is
estimated that 2 million acres will require group action
for effective results and about 3 million acres can be
accommodated through individual action.

POTENTIAL AGRICULTURAL DRAINAGE

(Thousand Acres)

Cropland 1.908.8

Pasture and Range 25932

Forest and Woodland 605
Total 5.107.3

Agricultural land areas subject to flood damages total
14,1 million acres and land areas subject to gully erosion
amount to 2 million acres.

Land conservation treatment is needed to maintain

past accomplishments and to increase the amount of

adequately treated croplind and other agricultural land.

AGRICULTURAL AND OTHER LAND NEEDING
CONSERVATION TREATMENT

Proper
Management
Proper & Vegetative
Management and/or
Practices Mechanical
Item Only Practices Total
(Thousand Acres)
Private Land
Cropland 31660 | 34.227 65.887
Pasture and Range 65496 25,032 90.528
Lorest and Woodland 5.356 1.419 6.775
Other (Ag. and
Non-Ag.) 885 1.062 1.947
Total 103,397 61.740 165.137
Federal Land
Pasture and Range 6.751 3.602 10.383
Forest and Woodland ‘ 1.729 1.126 2.855
Other (Ag. and
Non-Ag.) 174 267 441
Total 8.684 4.995 13.679

Annual timber growth m the basin is about double
the cut. This relationship is expected to continue
through 2020, and will result in a large inventory ot
commercial timber by 2020. There appear to be pros-
pects for increasing water production from some of the
higher mountain drainage areas by application of appro-
priate forest management practices.

MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER SUPPLY

The population of the Missouri Basin is expected to
grow from a 19635 total of 8.560.000 to 20.100.000 by
2020. Most of these people reside in 2,120 municipal-
ities. In 1965, some 1.773 of these places. with
73 percent of the basin population. were served by
central water systems. By year 2020 it is expected that
18.800.000 persons or 94 percent of the basin popula-
tion will be served by central water systems. The
population requiring central water system service m
2020 will demand 3.118.000 acre-feet of water. up from
the 976.000 acre-feet being used in 1965.

People in the rural-domestic classitication with indi-
vidual water supplies number 2.280.000 and use 87.000
acre-feet annually. By the year 2020. demand is
expected to decline to 79.000 acre-teet for the
1.300.000 people then on individual water systems.

The projected 2020 water demand tor mineral pro-
duction will be 192,000 acre-tfeet, up from 82.000
acre-feet in 1965, All other industrial users, exclusive of
thermal-electric demand and industries supplied by
municipal systems, diverting 405.000 acre-teet in 1965,
will need diversions in the magnitude of [.862.000
acre-feet by year 2020.




The demands for water for thermal-electric power
production are projected to grow from 1.724.000
acre-feet in 1963 to 4.878.000 acre-teet in 2020.

Total municipal. domestic. and industrial demand will
grow from the present diversion rate of 3.274.000
acre-feet per year to a 2020 diversion of 10,129.000

acre-feet if all projected demands are to be met.

INCREASED MUNITIPAL AND INDUSTRIAL
WATER NEEDS
1980 2000 2020

(Cumulative Above
Current 1,000 AF)

Withdrawal Requirements 2485 4624 6.855

At the present time. 18 percent of the municipal, do-
mestic. and industrial total demand is met from ground
water and 82 percent from surface water diversions.
Approximately 60 percent of the municipal. domestic,
and industrial water demands are met by diversions of
flow which in some part have returned to a river from a
previous upstream municipal or industrial use. The
percentages of surtace and ground-water utilization are
considered to remain about the same in the tuture.
Reuse ot return flow may increase in the future. but the
current level of technology suggests that. with an
increasing degree of waste treatment. consumptive use of
water may also increase.

Of the present 1.773 municipal water systems. 140
are inadequate when compared with framework planning
criteria adopted for this study. Six of the systems rated
inadequate require additional capacity and 134 have
poor water quality. In addition. improvements would be
desirable for 435 other communities.

ELECTRIC POWER

In 1965, electric power installations and production
in the Missouri Basin were 102 million kilowatts and
39.0 billion kilowatt-hours. respectively. Instailation
capacity exceeded peak basin demands by 2.4 million
kilowatts. Energy production exceeded the demand by
2.1 hillion kilowatt-hours. the net export trom the basin.
By the year 2020, basin power demands will increase to
1259 million kilowatts and 637.0 billion kilowatt-hours.
The power supply and production by 2020 will exceed
that of 1965 by 1350 million Kilowatts and 6159
billion kilowatt-hours. About 97 percent of the 2020
capacity will be supplied by thermal generation. and the
remainder by hydro-generation. About 41 percent of the
thermal installations i 2020 will be nuclear plants,
which are expected to show a marked ncrease in
installed capacity after 1980, Most of these plants will
be located near population centers in the lower portion
of the basin. Many of the remaming thermal mstallations

will be tossil-fuel plants, most ot which will be located in
the Yellowstone and Western Dakota subbasins because
of the availability of coal and potentially adequate water
supplies.

Cooling water needs for thermal generation will
increase from a diversion rate of 1.724.000 acre-feet per
year with an associated consumiptive use of 36,800
acre-feet in 1965, 1o a diversion of 4.878.000 acre-feet
per year with an assoctated consumptive use ot 390,100
acre-feet by 2020. An esumated 14 percent of the
increase in consumptive use of water will occur by 1980
and 56 percent by 2000.

ELECTRIC POWER PRODUCTION NEEDS
Feature Unit 1980 2000 2020

(Cumulative Above Current)
Installed Capacity

Hydro MW 3.267 3.267 3.267
I'hermal MW 12934 62.730 131.790
Total MW 16.201 65.997 135.057

ELECTRIC POWER WATER REQUIREMENTS

Feature Unit 1980 2000 2020
(Cumulative Above Current)

Condenser Al

Cooling vear  6.119.800 23.063.000 40.652.300
Streamtlow Al

Diversions vear 1398400 2,576,500 3.154.000
Cooling Water Al

Consumption  vear 78.700 308.900 §53.300

FISH AND WILDLIFE

About 97 percent of the entire basin area is used to
some extent by ftish or wildlite: however. only 0.3
percent of the area is totally devoted to this use. An
additional 2.7 percent of the basin area serves a primary
use tor fish and wildlite

The basin provides 43500 miles ¢f streams and 1.4
million acres of ponded waters. Streams and lakes of the
mountainous west and Black Hills provide excellent
trout fishing. Some of these streams. such as the Upper
North Platte. Madison. and Yellowstone rivers, are
known nationally and support a substantial non-resident
demand. Pike and bass and varous other warm-water
species provide fishing in the streams and lakes of the
plains area. Put-and-take trout fishing is mamtained at a
tew favorable locations. Bass and several other warm-
water species are of primary importance in the warm-
water areas of the basin. The basin supports a small
commercial fishery. principally at the larger impound-
ments.

The total Missouri Basin demand tor sport fishing ot

about 28 million tisherman-days 1s presently less than

the capacity of the habitat that will sustain good fishing.
but demand will exceed that capacity shortly betore
1990, In the Middle Missount and Lower Missourt.




demand now exceeds the supply and it will do so in the
Platte-Niobrara and Kunsas subbasins by 1980. Fishing
demand in the upper four subbasins is well below total
capacity  now and. while demand  will increase
significantly . the capacity will not be exceeded by 2020.

The basin supports a wide variety of wild game. Deer
are most numerous and the most important big game in
all parts of the basin. In 1960, the deer supply exceeded
the demand in the Upper Missouri, Yellowstone, Western
Dakota. and Platte-Niobrara subbasins. However. in
2020 the demand will exceed the supply i all subbasins.
Many dreas in the western subbasins carry mportant
populations of antelope. elk. moose. Bighorn sheep.
Rocky Mountain goat. and bear, but the demand for
hunting these animals far exceeds the available supply.
Hunting is well controlled. and with continuing manage-
ment a substantial harvest can be sustained for all
big-game species through the foreseeable tfuture.

Small game. including upland game birds, is found in
all areas. the species varying considerably in number and
importance throughout the basin. Substantially more
upland-game hunting could be provided it mourning
doves were hunted in all states. In 1960, the supply of
small game exceeded the hunting in all subbasins. with
the largest surplus in the Eastern Dakota and Lower
Missouri subbasins. By 2020 the supply will be deficient
in all subbasins.

Witertowl! are tound in all parts of the basin with the
largest numbers in the Eastern Dakota. Platte-Niobrara,
and  Middle Missouri subbasins. In 1960 waterfowl
hunting of 1.7 million hunter-days was in excess of the
supply for the basin. The 2020 demand for waterfow]
hunting will far exceed the supply.

Althoughi the demand and supply varies with the type
of hunting and location, the 1960 demand of about
17 mitlion hunter-days was about equal to the basin’s
capacity to provide hunting. This demand will more than
double by 2020. The capacity of the basin to supply the
added hunting will gradually decrease by a small amount
through 2020.

Realization of the land and water use changes.
tegetier with maintenance of streamtlow in 4,600 miles

INCREASED LANDS NEEDED FOR FISH AND WILDLIFE

Use

Purpose From | To
Wikdtite Habitat 11.600 Virious Primary

Enhancement uses use
Wildhfe Wetland ¥,329 Various Wildhte

Preservation uses use
Wildlite Upland 35 Varous Wildlite

Preservation uses use
Wildnte Habitat 2,119 Various Wildhte

Development uses use
Fishing Aceess 49 Various Fishing

uses use
Fishing Peseivornrs 70 Vartous Feshing

lvlw\ ,AL,,“\V o

of the basin streams now dewatered periodically by

diversions. and restoration of about 2400 miles of the
basin’s polluted streams would materially enhance the
fish and wildlife resources. However. even with these

changes. the basin’s projected needs could not be met.

FISHING- AND HUNTING-DAY NEFEDS

Feature Unit 1980 2000 2020
(Cumulative Above Current)

Iishing 1.000 D -3.510)! 8.306 25.163

Hunting 1.000 H.D. 5.659 14.834 26.120

Excess capacity  available for meeting needs in the basin.
however. some  subbasins are short of capacity to mect
needs.

OUTDOOR RECREATION

Portions of the basin. such as the Rocky Mountains.
Black Hills. and the Ozarks have a Nationwide reputa-
tion as being desirable recreation areas. The reputation
of the Rocky Mountain area is further enhanced by
Glacier. Yellowstone. and Rocky Mountain National
Parks. The nationally known recreation areas attract
many nonbasin residents and also residents from other
parts of the basin.

About 50.2 million acres of the basin’s land and
water surface areas are used currently to some extent fot
recreation. Of this area. about 174,000 acres have been
developed to various degrees. Less than 1.500 acres are
highly developed. Of the 50.2 million acres, 6 percent is
associated with scenic. historic. and  natural areas.
11 percent with water-oriented recreation areas. and
83 percent with land-oriented recreation areas.

The 1965 demand for recreation was estimated to be
286 million activity-days. exclusive of hunting and
fishing. Of this demand 95 million actvity-days were for
nonbasin residents.

Although there are local recreation land and facility
surpfuses - some areas. afl subregions show overall
deficits between 11 and 28 percent. The greatest
shortages are in the tour subregions representing the
populous southern part of the basin. In general. the
greatest shortages are for adequate camping. boating.
and water-skung facilities.

Projected demands tor recreation activities total 1.14
billion activity-days in 2020, exclusive of hunting and
fishing. Of this total demand, about 380 mullion
activity-days are for nonbasin residents. The Platte-
Niobrara and  Lower Missourt subregions” projected
demand greatly exceeds that of the other subregions. To
provide tor the recreation demands in 2020 will require

changes m land use to that shown helow




RECREATION WATER AND LAND NEEDS

T'vpe of Recreation 1980 2000 2020
(Cumulative Above Current —
Millions)
Recreation Water (acre) .23 0.72 |.50
Recreation Land
Developed (acre) 0.15 0.37 0.60
Primary Use but
Undeveloped (acre) 1.19 281 443
Activity Days 174 484 854
Recreation Days 68 186 343

FLOOD CONTROL AND EROSION
PREVENTION

Highly destructive tloods have occurred in all eight
subbasins and along the mainstem of the Missouri River.
In general. tloods are caused by snowmelt. heavy
rainfalls. or ice jams: or a combination of any of these
factors. Flood damages occur much more frequently in
the lower portion of the basin because of a higher
development of flood plains and a higher susceptibility
of the area to intense rainfalls over broad areas. De-
vastating tloods have also originated in the western
mountain areas. such as on the Sun and Marias rivers in
1964, and on the South Platte River in 1965, Ice jams
can oceur on most of the perennial streams in the basin.
Small tributaries have produced destructive floods inall
parts of the basin.

Based on the 1965 level of development. average
annual flood damages for the entire basin are estimated
to be S95.5 million. Thirty-five percent of these damages
are associated with the Lower Missouri  Subbasin.
Average annual damages to other subbasins are progres-
sively less upstream, with only 1.6 percent being
assigned to the Upper Missouri Subbasin. With a 2020
level of development. average annual flood damages for
the basin are estimated to be S392.3 million. Average
annual benefits (flood damages prevented) associated
with existing tlood control work at the 1965 and 2020
levels of development are S105.5 million, and $579.1
million. respectively.

Streambank erosion s causing serious damage to
about 11200 bank-miles of the basin’s rivers. This
represents about I percent of the total length of all
channels not classified as gullies. Based on the current
level of economic development, average annual damages
due to streambank erosion are estimated to be S3.1
million. However. with projected economic develop-
ment. these damages will increase to about S13.6 million
annually by 2020 if no additional protection is provided.
About one-halt of these damages will occur in the
Middle Missouri and Kansas subbasins, with the re-
maining one-halt” spread evenly among the six other

subbasins.

About 40,000 acres of land are damaged each year by
gulhies which would require project-type action to
correct. Current average annual damages are estimated to
be S15.4 million and. unless corrective measures are
implemented, damages are estimated 1o increase o
S50.4 million by 2020. About 83 percent ot these
damages will occur i the Lower Missouri and Middle
Missourt subbasins.

AVERAGE ANNUAL FLOOD AND EROSION DAMAGES

Feature Unit 1980 2000 2020

S 241,270 392,260
1 33.849  50.366

lood Damages 3
1
041 2041 2.041

S1.000/vear 15
Gully Erosion )

ST.O00 'y car
1.000/acre
Streambank
Frosion 13.600

11.200

ST.O00 vear 7.300
Miles 11.200

10,000
11.200

NAVIGATION

Commercial navigation is confined to the lower
portion of the main stem of the Misscuri River. The
authorized navigation channel is from Sioux City. lowa.
to the mouth of the river near St. Louis. The eftective
season usually comprises about 8 months from April to
December.

Commercial barge traffic can be expected to increase
from 1.078 million ton-miles in 1964 to 3.300 million
ton-miles in 2020, an increase of 200 percent in 56
vears. About 70 percent of this increase can be expected
by 1980 and over 95 percent by 2000. Water require-
ments to maintain the authorized navigation channel are
estimated to be 30.000 c.f.s. at Sioux City and 32.500
¢.f.s. at Kansas City. Flow during an 8-month period at
30.000 c.t.s. amounts to a total volume of 4.5 million

acre-feet.

WATER QUALITY CONTROL NEEDS

The principal elements of water pollution in the
Missourt Basin are bacterial agents, organic waste matter.
undissolved solids. dissolved solids. and temperature
The sources of bacterial and organic pollutants con-
sidered in this study were municipal and mdustrial waste
discharges and animal wastes from major contined
feeding operations. Undissolved solids pollutants include
sediments. oils. and refuse tfrom manufacturing proc-
esses. Natural runoff contributes practically all of the
dissolved solids in the basin’s waters. A small fraction ot
the total dissolved solids is contributed m municipal and
industrial wastes and dirrigation return flows, but may
add undesirable or toxic constituents. Most uses deplete
the water and return or leave the dissolved solids. The
resulting increase i dissolved solids concentration s
included among the pollution or water quality problems

Stream temperatures normally vary with the average an




temperature. However. the temperature of a stream can
be raised locally by warm ettluents from industrial
processes and irrigation return tlows. Conversely. stream

temperatures may be fowered for short reaches by
reservoir releases. The resultant changes in temperature
may affect the biologic regimen of the stream and the
tishery habitat.

Water quality criteria applicable to streams adapted

for this study are as follows:

1. A dissolved-oxygen concentration of 7 milligrams
per liter (7 mg/1) tor cold-water fisheries and
S mg/l for warm-water fishertes and other suitace
waters.

- A total dissolved-solids concentration ot SO0 mg/1

()

average as desirable. and 1.500 mg/l as usable.
, : 2 b
A limit of 53V F. for temperature increase resulting

‘vs

from thermal discharges.

These criteria are equal to or compatible with the
present  State water quality standards developed
harmony with the Federal Water Quality Act of 1965
and the Clean Water Restoration Act of 1966. To meet
the criteria. treatment of all municipal and associated
industrial wastes with a B.O.D. removal of 85 percent by
1980. 90 percent by 2000. and 93 percent by the yeur
2020 was assumed.

In 1965 there were 1.773 municipalities or places in
the basin which had public water supplies. Only 1.308
had public sewerage systems. 101 had no waste-watel
treatment, 198 provided primary treatment. and 1.009
provided secondary treatment of waste discharges. Treat-
ment by these plants reduces the pollution load to the
basin’s streams from a population equivalent of 16.8
million to just over 9.0 million.

To meet the indicated criteria will vequire the
enlargement of 1.009 secondary treatment fuctlities. the
addition of 198 secondary treatment to existing primary
facilities. and construction of 731 new secondary treat-
ment facilities throughout the basin by 1980, Upgrading
of facilities will continue and new facilities will be added
until by 2020 there will be 3.870 tertary treatment
plants throughout the basin. The municipal waste
loading, treatment objectives. and residual waste dis-
charged to the basin’s streams are summarized in the
following table.

MUNICIPAL WASTE TREATMENT REQUIREMENTS

’ Waste Load
Waste Load

B.O.D.  of Ffftuent

Year  Domestic  Industrial  Total  Removal  Discharged

(1.000 P.E.) (Percent) (1,000 P.EL)
19800 8982 15,588 24.570 %S 3.686
2000 13.363 23.152 36.515§ 90 3.652
2020 15.840 32905  S1.745 95 2.588

It will be noted that atter treatment needs are met.
there still will be a residual B.O.D. to be assimlated by

streamflow. This will require satticient streamtlow ta

maintain - a4 satstactory  dissolved-oxygen  level in
accordance with accepted standards. In addition 1o the
treatment needs. the streamtlow required at each waste
outtall was estimated and turnished to the planners as a
“need to be met.”

In 1965 the Industrial Directories list 3,409 water-
using industries in the basin. Limited data were made
available tor only 602 industries with separate waste
systems. Some industries are connected to municipal
systems but the exact number is unknown. Muny of the
existing and potential industrial plants are expected to
connect with municipal sanitary systems and thenr waste
treatment needs have been mcluded in the municipal
treatment needs: others are expected to maintain
separate waste treatment facilities and outfulls. To the
extent possible. these separate needs were estimated and
the streamflow requirements to maintain satistactory
dissolved oxygen levels after 85, 90, and 95 percent
treatment were furnished the planners as “needs to be
met.” However. treatment plant cosis were not esti-
mated as it was assumed these would be private costs to
be met in compliance with state water quality standards.

Cattle feeding in commercial lots 1s @ major industry
in the basin and s projected to expand. While the
amount of waste loading contributed ™ streams from
feedlots is unknown, the potential as a contributing
source of pollution is recognized. Current trends and
State and Federal statutes indicate that any feedlot
operation which is an identified source of pollution will
have waste-handling facilities installed by 1980 or sooner
which will achieve nearly 100 percent control. Both
control and treatment requirements were assumed as
private production costs and were not included as needs
to be met by framework plan facilities. nor were
streamtlow
potential B.O.D. residuals.

requirements  estimated o assimilate

In addition to feedlot waste problems. agricultural
operations can result in pollution due to leaching and
washing of fertilizers and pesticides. soil erosion. and the
concentration ot dissolved solids in wngation return
flows. The extent and impact of some of these problems
are much more difficult to assess than with municipal
and industrial wastes: hence. no evaluation has been
made in these studies. The potential impact of nrigation
return flows has been evaluated m future dissolved solids
levels in the surface waters. However, it is recognized
that current technology does not offer an econonucal
method tor reducing the dissolved sohds content of
these flows

Currently about 12.9 bilion kwh ot electric power is
generated i the basin by thermal-electnie plants utilizing
flow-through cooling water. These plants divert about
1 7 mullion acre-feet of water annually - Gross diversion
demands for tlow-through cooling are projected to be
3.0 million acre-teet by 1980, 4.0 nulhon acre-teet by

2000, and 4.3 mullion acre<teet by 2020 The general




location and diversion demands for assumed individual
thermal plant locations were estimated and these data
furnished the planners as water quality needs to comply
with streamflow temperature standards.

Currently the average total dissolved-solids concen-
tration of the Missouri River tlow at the mouth is about
390 mg/1. The maximum average annual main stem
concentration is about 470 mg/1 at Sioux City. la.. and
Omaha. Nebr. Several tributary stream reaches have high
concentrations of dissolved solids such as the South
Platte River at Julesburg, Colo.. with 1480 mg/l. and
the Cheyenne River at Eagle Butte. S. Dak.. with
1.005 mg/1. Any further basin development that uses
and further depletes the existing water supply will
increase the average concentration of dissolved solids.
Without some kind of technological breakthrough. this
form of degradation of water quality is inevitable.
Maintenance of desirable and acceptable dissolved-solids
quality is one need to be considered in connection with
the planning of all potential water resource develop-
ments.

The water-quality degradation of surface and ground
waters and the degree and sources of pollution are not
well known. Data are available which have vet to be
analyzed, and there is a need for additional data. A solid

technical base is a prerequisite to implementation of the
actions necessary for improving water quality. To
achieve this objective there must be continued effort to
identify and quantify waste sources: there should be
obtained better quantity and quality data on the basin’s
streams and ground waters: and the economic effects of
water quality must be evaluated.

%3 % ok %S

AFTERWORD

Such is the kaleidoscope of people. land. and water
called the Missouri River Basin. In the chapters ahead.
these basic elements are exannned to determine trends
and capabilities which will contribute toward a balanced
resource development in the basin during the next 30
years.

The “needs™ set forth in this appendix are estimated
requirements  which. it met. will guide planners in
attaining @ balanced basin development through the year
2020. It is emphasized that they are requirements only.
Discussion as to the prospect of providing appropriate

works and other methods to meet these requirements is
bevond the scope of this particular appendix.




PHYSIOGRAPHY

Geographically. the Missouri River Basin is a large
central sample of the United States. Without it. the
Nation would lose 8 million people, much of its food
and forests, far-flung natural resources. and wealth of
every description. To better understand this large seg-
ment of America, with its problems and potential. a few
boundaries should be described.

Lying diagonally within a huge quadrangle enclosed
by the 90th and 114th Meridians and the 37th and 49th
Parallels. the basin extends from the Continental Divide
formed by the Rocky Mountains on the west to the
Mississippi  drainage on the east. Nebraska, most of
Montana. North and South Dakota, and Wyoming, about
halt of Kansas and Missouri. and smaller parts of
Colorado. lowa, and Minnesota make up the basin.

Although similarities are common from locality to
locality. diversity of physiographic features exists over
broad areas. The basin is accordingly separated into
major physiographic divisions and provinces as follows:

Major Division Province

Northern Rocky Mountains
Middle Rocky Mountains
Wyoming Basin

Southern Rocky Mountains

Rocky Mountain System

Interior Highlands Ozark Plateaus

Great Plains
Central Lowlands

Interior Plains

Figure 2 shows the location of each of the provinces

fisted.

The Rocky Mountain System consists of the moun-
tainous area that tforms the western boundary of the
watershed in Montana. Wyoming. and Colorado. This
division is characterized by alternating prominent moun-
tain ranges. intermountain basins, and relatively wide
valleys of major subdrainages. Elevations range from
about 4.000 feet to more than 14.000 feet above sea
level. Minor tributaries have steep gradients and gen-
erally V-shaped channels. The streams frequently flow
through steep canyons before they enter the plains
where the stream gradients are considerably flatter.

CHAPTER 1

BASIN DESCRIPTION

The Ozark Plateaus province of the Interior Highlands
division within the watershed consists of maturely
dissected plateaus in south-central Missouri. The topog-
raphy varies from undulating to hilly and broken land.
In the hilly and broken section. the streams are deeply
entrenched meanders. :

The Interior Plains division is separated into the
Central Lowlands and Great Plains provinces according
to physical features and geographic location. The Central
Lowlands province includes the gently rolling and rolling
plains in southeastern South Dakota. eastern Nebraska.
northeastern Kansas. northeastern Missouri, western
lowa, and southwestern Minnesota. Adjacent to the
Missouri River in Nebraska. lowa. and northwestern
Missouri. there is a large area of long rolling slopes
deeply mantled with loess. In east-central Kansas and
west-central Missouri. there is an extensive area con-
sisting of nearly level to rolling plains with wide. gently
sloping valleys. Along the watershed boundary in
Missouri and lowa and in northeastern Kansas and
southeastern Nebraska. there are rolling areas which are
dissected with well entrenched drainages.

The Great Plains province of the Interior Plains is the
large area between the Rocky Mountains on the west
and the Central Lowlands on the east. A further
subdivision of the Great Plains province has been made
for the purpose of describing the area: (1) Glaciated
Plains, (2) Unglaciated Northern Plains. (3) Northern
High Plains. (4) South Central Nebraska Loess section.
and (5) Central Kansas Rolling Plains.

The Glaciated Plains section is a broad expanse of
gently rolling topography extending eastward from the
Rocky Mountains across northern Montana and n-
cluding those portions ot North Dakota and South
Dakota lying north and east of the Missourt River.
Stream dissection and drainage are not well estabhished
except in areas adjacent to the Missouri River and along
some of its larger tributaries. Local drainage is chietly
into pot holes, small intermittent lakes. and a few larger
permanent fakes.

The Unglaciated Northern Plains section comprises
the broad rolling area west of the Missouni River in
North and South Dakota. It also includes most of the
eastern halt of Montana and northeastern Wyoming.
Numerous small hilly areas. buttes. and hogbacks reach

9




FIGURE 2
PHYSIOGRAPHIC FEATURES
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elevations higher than the general level of the plains.
Although the area as a whole 1s rolling and rather
thoroughly dissected by streams. there are small, nearly
level areas on the stream divides and a few relatively

large areas of gently rolling reliet are scattered through-
out the section. Badlunds and canyon areas occur along
the White River in South Dakota, Little Missourt River
in North Dakota, and in the plains adjacent to the
Missouri. Yellowstone, and Powder rivers in Montana
and Wyoming. The Black Hills area is mountainous and
has varied soil conditions. Slopes are steep to precipitous
and are typically covered with stands of ponderosa pine,
native grass in treeless areas, and bare, craggy rocks.

The Northern High Plains section slopes gently
eastward from the Rocky Mountain front in north-
central Colorado and south-central Wyoming. One part
of this section extends eastward across north-central
Nebraska and south-central South Dakota. The plains are
characterized by nearly level to rolling tablelands with
hilly to rough broken areas along the valley sides. Stream
dissection is well estanhshed with broad smooth divides
between the larger drainages. A distinct subdivision in
the Northern High Plains section is a large area of
sandhills in north-central Nebraska.

The South Central Nebraska Loess section includes a
small area in northwestern Kansas. It is an area with
nearly level plains, rolling land. and long narrow un-
dissected plains remnants that torm divides between o
rather complete pattern of drainages.

The Central Kansas Rolling Plains section occupies a
large area in north-central Kansas. Strongly rolling reliet
predominates over the northern and western parts of the
area, with deeply entrenched drainages and occasional
smooth divides between major streams. Smoother plains
occur in the southern and southeastern parts

Study Areas

Because of the immense size of the Missourt River
Basin. the diversity of its chimate and resources. and
distribution of the population. the material and findings
in this appendix are presented by subbasins or sub-
regions. as follows:

Adopted Subbasin
Subbasin Abbreviation

Upper Missouri River Tributaries  Upper Missouri
Yellowstone River Yellowstone
Western Dakota Tributaries Western Dakota
Eastern Dakota Tributaries Eastern Dakota
Platte-Niobrara Rivers Platte-Niobrara
Middle Missouri River Tributaries  Middle Missouri
Kansas River Kansas

Lower Missourt River Tributaries  Lower Missouri

Subbasins correspond to the drainage area ot the
stream or streams as named and as illustrated by
figure 3. Subregion boundaries generally contorm to the
subbasin boundaries. but are delineated by county hnes
selected for statistical availability and economic analysis.
The Missouri River which comprises only the water area
of the Missourt River (and main-stem reservoirs) from
Three Forks. Mont.. to its confluence with the Mississ-
ippi River, will receive special consideration for hydro-
logical analysis and the special services that it provides.

As a general rule, information herem will be desig-
nated as to whether it is by subbasin or by subregion.

SOCIO-ECONOMIC CHARACTERISTICS

During the basin’s development. water and space (or
land) have been the prime movers of growth. Water
served as the primary means of transportation in the
early years of development, as is still apparent from the
present-day location of the major population centers in
the basin. Today. as in yesteryears. water for agriculture.
industry. and recreation. as well as space (or land). is still
the dominant factor in the development or expansion of
an area economy. These resources vary from place to
place. as does the population density in the Missouri
Basin. so that the basin could well be described as an
area of transition because of the wide vartation in the
natural environment. Despite the size and extremes of
the basin, the problems and desires ot the people are
remarkably similar.

Historically. the pioneers faced many problems such
as transportation, water. Indians. building materials, and
fencing. some of which they fuailed to solve fully. A
determined effort to live on the plains and face the
many problems was not made until after the Civil War. A
century later many of the early-day problems still
confront the people. such as political boundaries,
climate conditions. density of population. and distance
o service centers.

[t is interesting to note that the cities along the
Missourt River. and some of the mining cities, grew to
regional importance: but by-and-large. the cattle centers
did not.

Railroads caused the eastern gateway cities to donu-
nate the commerce of the basin. Primarily because of the
east-west alignment of the main railroads. the original
economic areas developed along them. Todayv. the major
SConOmic regrons are a sertes ol east-west sirps across
the basin with one of the gateway cities at the eastern
edge. Most of the “inner™ towns stll persist. and many
perform almost the same functions, but none has
attracted the stitutions and industry necessary  tor
regional domination.

The farmers and ranchers. to a great extent. have
been able (with technofogical improvements) to adjust

to an economic and social system more adapted to the
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FIGURE 3
SUBBASINS AND SUBREGIONS
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environment of the plains. Much of the Land is sull best

suited to the grazing of livestock i practically the same
A higher

economic use of this land has not yet materialized

manner as was done durmg the late 18007

Political regionalism that was apparent during the

early settlement days has developed mto some rather

basic political philosophies. There has long been a feeling
within the basin that the individual should be able to
control his destiny without major mterference trom the
rest of society or from government. However. there is

also g feeling that the problems which individuals race

justify assistance from this sume society and govern
ment. Thus. there has been a concurrent (but somewhat
paradoxical) drive by many basin residents to reduce the
influence of government m then decisions while agita

ting tor more government help to solve their problems

cconomy. most important i the
basin. 1s composed of many thousand firms. Farming is
dependent

ipon imports for tools and supplies. The

products to a large degree are exported to outside

markets. Indvidually . the farmer has littde control over
i

1
in i

istry conditions: collectively. etforts to de

termine a
ommon  policy have tound little success. The laws

which settled the lands of the basin and the structure ot

local governments. communities. and services were based

Ipon concepts

used in the development ot
more humid regions of the Nation. All of these factors
have contributed to many ot the problems found in the
basin today

Omne signiticant phase of the occupation of the plains

was the dispossession of the Indians. After the fin

struggle. the Indians were gely contained upon ther
Act of 1887 sought o

of the Indian mnto society by

rious reservations. The Dawes

hasten the

abolishing the tribal «

rship ot land and allotting 1t to

the individuals. This did not solve the problem of the

Tran. but it was instrumental i making land available

to the white se

paradox in attitudes of people in the
basin toward mnovation also can be found in the

settlement pertod. There was a M'H\l-\'ll(f\ o aeeepl

' vattin
HINONVGTTOT

which would tacilitate the physical conguest
of the land and chimate. For example. machinery. dry
farming methods. and rrigation tound ready acceptance
within the basin. On the other hand, mnovations in

soctal and

Ononme mstitutions otten were acceple |
Juctantly. and only after the older torms had beconi
entirely unworkable

Fhis 1s not to say that the entire mosaic of social and

economie traits to be found in the basin was established
dunmg the settlement era. for much of the character of
the region s umquely the result of events which

tollowed. However. many of the basic economie and

wial charactenstics have therr roots m the manner by
which the frontier was settled. These traits probuably will
continue to be characterist i the people tor some time

to come and will have a bearing upon many of their

future decisions

Ihe socio-econontic aspects ot thus basin are cor
sidered  more specitically  and  further discussed
relationship to population. employment. and wico

CLIMATE

I'lie chimate within the basin is dete ¢ rely
the mteraction of three great ai ich have tl
origms over the Gult of Mexic Pacit 1l

over the northern polar regions. The air ma

imvade and pass over the basin throughout the yveu

the guli” air tending to dominate the weather in summe:
and the polar air dominating in winter. Itis this seasonal

domination ot the air masses and the frontal actvin

caused by their colliding with each other which produce
the general weather regimens withm the bas

Perhay the most gitica
remoteness of the basin from

masses. This means that the an

land areas betore '.En"\ reach the t

areas. the an masses lose much of then

precipitation and thewr ai temperatures are

considerably through contact with the land s

Primarily because ot its midcontinental location, the
basim experiences weather that » known tor s fluc
tuations and extremes. Also there dre vanatuons between
areas within the basin, Winters are relatively long and
cold over much of the basin. while summers are sunny
and hot. Spring is cool. moist and windy: and autumn is
cool. dry and sunny. Averages are misleading for seldom
does “average™ weather actually occur. Instead. weather
tends to fluctuate widely around the averages. with the

occurrence and the degree of the fluctuations be

edictable. Thus, the clhimatic averages have

annually unj

to be thought ot as generalizations of the more common

acaeurt

1ces over a period of time
Figure 4 shows normal annual total precipitation for
1 !

the entire basin. Generally. about S0 percent of the

annual precipitation occurs during the growing season

Figure S shows mean e 1 ot the freeze-tree period.

|
which exclusive of mountaimous areas varies from about
90 1o IS0 days. Table I shows the mean relative
hunudity i percent tor 20 locations, and figure 6 shows

the mean total hours of sunshine

POPULATION

The basin s not necessarily over or under-populated
It 1s the population makeup and movement and environ
ment that result i numerous problems

Although basin population showed an increase from
1940 10 1960, the mmcrease was less rapid than the

national average The mcrease was about

34 percent




FIGURE 4

NORMAL ANNUAL TOTAL PRECIPITATION




FIGURE §
MEAN LENGTH OF FREEZE-FREE PER'OD (DAYS)

FIGURE &
MEAN TOTAL HOURS OF SUNSHINE (ANNUAL)
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nationally and only 17 percent tor the basin. While the

population inereased i absolute terms. the merease was

less than the national population increase due 1o
miugration from the bastn
In 1960, the population of Missouri Basm was 7.9

million, or 4.5 percent of the population of the United
States. Of the 7
classified as rural. Of the rural population. 56 percent

9 milhion. 3.4 mithion or 43 percent were

were classitied as nontarm and 44 percent as tarm.

During the period 1940 to 1960 the rural population
declined 17 percent. However. the overall population ot
parts of the basin. especially the Great Plams portion
which is primarily dependent on agnculture. dechned
n 1930°s the
1930°s, coupled with a severe basin-wide drought during
the

devastating blow and resulted m mass movement out ot

sharply the The depression of carly

the same  period. dealt agricultural economy  a

the basin. General prosperity of the World War Il and

1s




post-war years, with accompanying imdustrial develop-
ment, tended to enhance the urban population.

The rural tarm  population decreased 40 percent
between 1940 and 1960, while the rural nontarm
population increased 20 percent for the same period.

The urbun population. comprising people living
cities with a population of 2,500 or more. was about 4.6
million m 1960. A summary of urban places by number
and size follows:

Urban Places in 1960

ltem No. Percent of Population
Total urban places 207 100.0
SMSA'S! I 04.8

Other urban places by
number of people:

25,000 50.000 11 8.1
10.000 25.000 34 11.0
5.000 10,000 S 8.2

2500 5.000 100 7.9

LA Standard metropolitan statistical area (SMSA) comprises
4 county or group of counties containing at least one city ot
50.000 inhabitants or contiguous cities with a combined
poputation of 50.000 or more. At Jeast 75 percent of the
labor force in a county must be nonagricultural, and the
county must have a density of 150 persons per square miie.

Plate 1 shows metropolitan areas and urban places of
the basin. On plate 2. population profections for the
basin (and subbasins) indicate a steady basin growth to
about 2% times the 1960 population by 2020.

Prior to 1900, the basin served as a safety valve by
providing the eastern population a place to move if
congestion became excessive. The vast muajority  of
people who left the basin’s furms have migrated to the
cities. both within and outside of the basin. Even though
untrained for off-tarm employment. most ot these
migrants have been provided with a better standard of
living and greater livelihood opportunities. This has been
especially true for the young. who are just beginning
their productive lives. Some of the Missouri Basin States
have experienced out-migration of the most productive
age group (20-34). During the period of 1950-60. South
Dakota. for example. lost some 94.000 persons of whom
3% percent were of this most-productive age group.
These are the people in which the states have made great
capital investments in education and traming. This
constitutes a loss of the human resource: tor South
Dakota it represented 23 percent of the population in
the 20-34 year age group. Out-migration for the total
state population amounted to about 14 percent. This is
the part of the region’s population that is best able to
pay taxes and s most willing to make the capital
improvements to stimulate permanent growth.

Agriculture has experienced a revolution or at least
some drastic changes in the last decade. Modern tech-

nology has made agricultural land and labor vastly more
productive. The vast production capacity of the agricul-

tural industry has created economic conditions which
make efficient use of land. labor. and capital. Ever
increasing sizes of farms. either through physical ex-
pansion or intensification. have resulted. Both contri-
bute to further problems. Intensification increases the
total output of the industry and adds further to
cconomic woes. Expansion in size eliminates employ-
ment and intensifies the migration to industries in urban
areas. usuaily inother regions stnce this region s
essentially agriculturally oriented. The number of tarms
in the Missouri Basin decreased by nearly 150.000
between 1949 and 1964, or nearly 30 percent ot the
1049 level. Since 1954, about one out ot every tive tarm
operators has changed occupation or retired without
being replaced. This out-migration results m reper-
cussions both in the area of departure and the new area
of arrival. The out-migration sertously atfects the social
and economic base of the community . county. and state
The churches. school districts, and the many community
businesses and services find it ditficult to continue then
operations in the presence of a shrinking economic hase.

Concomitant with the out-migration of rural popula-
tion has been ua rather dramatic mcrease in urban
populations: however. the urban growth has been very
selective. Urban centers whose business has remained
that of serving agriculture have not grown. Most small
towns and hamlets have actually Jost population. The
exceptions are the county seats or towns which have
been able to retain other governmental functions.
develop tourist  services. or  become “bedroom
communities” tor larger urban neighbors

With the decline of the small towns, larger cities have
tended to take over their service functions. Conse-
quently. travel distances have become greater as the rural
population turns to the “distant™ city to satisty most of
the rural needs.

The large metropolitan areas have experienced the
highest percent of growth smce the 1930°s. These
centers have continued to function as the gateways to
commerce within the basin. In addition. their bases have
become diversified with manutacturing. tood processing.
professional services. and governmental functions being
important segments of their economies.

One of the very striking characteristics of the basin is
the absence of large arban centers on the plains. By far
the largest concentration of population 1s along the
castern edge of the basin, with a secondary concentra-
tnon along the foot of the mountains i the west.
Between these two there are virtually no urban places ot
material significance.

Metal refinig. oil, governmental institutions. educa-
tion facilities, and tourism have provided most ot the
cconomic growth tor the few larger towns and cities

the plains. Only a few cties i the vicinity ot Large
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ingated areas derive a significant amount of  then

income from agriculture. The ranching mdusiry and
dryland tarming have not been able to generate the
cconomic conditions needed to support large urban
populations.

F'here is no inherent merit i having an increasing
population nor i there necessanly an inherent dis
advantage i a decreasing population. However, the
sparse rural population within much of the basin has
been. and is now. at a point where it 15 too small to
support many of the commonly accepted mstitutional
patterns. The decreasing rural population has meant
substantial financial losses to such services as churches.,
medical facilities. schools. and local government. Today
many of the counties. particularly those within the
plains, do not have sutticient populations to justity o

adequately maintain their existence as separate govern

mental units. The continuing and growmg problems ot
school district reorganization show no sign ot abatc
ment. Since the 19507, all of the States have faced
agonizing battles over this subject. With constantly de
clining populations i the rural areas. complete and
satistactory reorganization can never be  hinished In
addition, there has been a continuing consohdatnion of
'r urban

more and more service functions within the larg
areas at the expernse of the small town. Generally. the
hamlet and the small town are doomed to extinction
One major result of increasingly lower population
densities has been the tmposition ot higher social |

the costs that result trom open space and travel distance

[t is not casy 1o measure the total extent of the social
cost of space. but there is no doubt that 1t is lurge. Many
of the costs occur in the form of subsidies made by the
local. State. and Federal Governments. Rural electrifi
cation and the R.E.D. are examples of other segments of
the population providing a subsidy for operations in the

sparsely settled areas. Certam othes soctal costs may not

be apparent at once. but becon wdent at some late
date. Inadequate schooling may not show up hie
\-:][L‘gu entrance exams are taken. The ¢ L PeTsg
maintaining o twodwelling  household  tos
purposes. one on the tarm and the othe
represents a higher socal cost ot space whicl I
\]\'Il\\‘l) settled aiea would not require. The entorced
lower quality of many services found e the il |
plains areas als present 1al t. Tl )
madequate facilities tor rehg ad y
tor the aged. the mentaily il irded 1 i
juventle  oltender AP thes : 1 | a
froant througl tl 1 i

maintain  desired  standards. This condition currently
exists in some areas of the basin. If present trends
continue, it will  become increasingly  widespread
throughout all the rural areas. In contrast with rural
problems of decreasing population are the urban prob-
lems arising from over-crowding. While resource develop-
ments will certainly exert an intluence on the cities. the
resulting socto-cconomic relationships are not explored
in depth for purposes of this study

People who settled the basin created a large number
of distinctive ethnic areas. however. most of these
boundaries have sinice blurred because of the population
shitts and the general social mobility of the people in the

basin. Today. most of the population is fully assimilated

and has become cosmopolitan

The remnant ethnic gre ups wiil h have been able to
matntain their wentty exhubit some special social traits
They have strong Kinship and religious ties, and resist

un their group. As an

crites 1s one of the groups

that 1 m ful in mamtaining 1s identity
| TS i e ger | ven themselves to be
vedlle I md are a Lwaorking group antent on
pra g thewr rehgion m private and remaining apart
! ! ( that ounds them
(i i1 the 101¢ unigue  ethnic concentrations,
however. 1s the India soinie 38,000 of them, or less
than one p t of the basin’s population. The Indians
e entrated 23 dittere reservanons scattered
throughout the basm. The paternalistic concepts inher-
ent 1 the reservation system. the physical isolation of
any of the reservation ind the mabihty ot both
whites and the Indians to accept certain of the cultural
tramts  of ¢ other have pretty much insured the
ntinuance of the Indi 1 separate entity within the
Das
The lndans are basically poor. The annual mcomes
for Indian fanmulies are often below $1.000. and the basin
nd S3.000. The ba cconomy tor the
reservations has been ranching. some farmimg. and the
feasing of land whites, Traditionally . unemployment
h een higl the reservations. ranging from 24 to
oY g emplovable work torce i 1966. In
N mstances, the standard ot living on the reserva-
Lo I img as tast as i the rest ot the
i ( ( IL valions gie
tually by ng poorer m relation to other areas
Ind tribes of the t n have governmental mstitu
patte | wn-hndun principles but which have
i \ f ities and subsequent




governing land use and development. Indian tribes and
individuals, when on trust land, are likewise subject to
tribal and Federal jurisdiction, but not to State or
county jurisdiction.

The autonomy of the Indian tribes (which seems
peculiar to the non-Indian) enables them to appeal
directly to the Congress of the United States for special
legislation. This explains why certain Federal legislation
is applicable to only one specific tribe — the tribe which
obtained it for its own purposes.

The Indians. with their differing economic and social
situations, must be considered as separate entities in the

planning of resource development. They have different
values and social philosophies that are not commoniy
subscribed to by the white communities within the
basin.

ECONOMY

The basin’s or region’s economic growth. as indicated
by the projections of income. employment. and popula-
tion. will nearly parallel that for the Nation.

Table 2 — POPULATION AND ECONOMIC INDICATORS: UNITED STATES AND MISSOURI RIVER

REGION, 1960; WITH

PROJECTIONS TO 2020

Item and Area Unit 1960 1980 k5 2000 ) 2020
Pnrml;«ti()n:2 Million
United States 176.3 243.9 336.8 467.7
Missouri Region 7.9 10.4 4.3 2001
Employment:* Million
Total
United States 66.4 94 .8 130.6 181.2
Missouri Region 3.0 4.1 5.6 7.8
Agriculture: Ihousand
United States 4.528 2.500 1.900 1.750
Missouri Region 512 336 272 249
Gross National Product:# S Billion 440 1.001 2.144 4.686
Personal Income:# S Billion
United States 352 785 1.680 3.630
Missourt Region 14.4 324 69.4 151.4
Per Capita Income:? S Billion
United States 3.200 5.000 7.750
Missouri Region 3.106 4838 7.549

IPreliminary economic projections for the Missouri River

Region (Basin), Office of Business Feconomics, VLS. Department of

Commerce and Economic Research Service, U.S. Department of Agriculture.

2Includes Armed Forces abroad,

3Census of Population concept, excludes those stationed overseas.

4 terms of 1954 dollars.

Population is expected to increase 2% times the 1960
figure by 2020, and employment is expected to show a
similar growth. Personal income in the basin is expected
to increase tenfold by 2020 and. on a per capita basis.
personal income 1s expected to show a fourfold gain by

that year.

In absolute terms, population in the basin is expected
to increase from 7.9 miflion in 1960 to 20.1 million in
020; employment will go from about 2.0 million to
over 7.8 million. a gain of 160 percent for the same
period: and per capita personal income in 1954 dollars
will increase from S1.813 in 1959 to $7.549 in 2020, a

gain of 316 percent

Employment composition in the Missouri Region for

1950, 1960, and future projections are as follows
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Table 3 - EMPLOYMENT COMPOSITION BY
INDUSTRIAL SECTORS, MISSOURI
REGION, 1950 AND 1960; WITH

PROJECTIONS TO 2020

Sector
Agriculture - i.2] 3.2
Manufacturing 61 138 : 153
Other Commodity-Producing 7.5 1.2 1351 748 74
Noncommodity-Producing S46| 61.8| 68.2| 72.0| 74.1
00|
Total Employment 100.0 ](m_r||1nn “L“Nm 100.0

The traditionally basic industries of agriculture,
manufacturing. mining. and construction essentially
represent the commodity-producing industries which
provided 3% percent of the region’s employment n
1960. This percentage is projected to decrease to 26 by
2020.




The noncommodity-producing industries involve

some overlap with basic industries. especially in trade
and service activities which cater to tourists. Employ-
ment in the noncommodity-producing sector has shown
significant  gains  historically. and as projected  will
provide about 74 percent of the employment i the
region by 2020.

Agricultore, the basic industry of the basin. in 1960
provided 34 percent of the direct employment m the
Eastern Dakota Subbasin. the highest percentage of the
basin. The subbasin continues to rank highest in the
projection for the year 2020, with only 9 percent of the
employment coming from agriculture.  The  Platte-
Niobrara Subbasin provided the smallest percentage
employment from agriculture, about 12 percent in 1960
and about 2 percent in 2020,

Manufacturing employment ranked highest m the
Lower Missouri Subbasin. both in 1960 and m 2020,
providing 20 percent of the employment in each year. In
the Western Dakota Subbasin. manufacturing ranked
lowest., with only 3 percent being employed in 1960 and
7 percent in 2020.

Other commodity-producing industries  provided
about the same percentage of employment i all
subbasins. ranging from 6 percent in the Lower Missouri
to 12 percent in the Yellowstone Subbasin.

In the noncommodity-producing sector. the Platte-
Niobrara Subbasin in 1960 provided the top percentage
employment of 65 percent. while the Upper Missouri is
projected to provide 83 percent in 2020. The non-
commodity-producing sector provided over 50 percent
of all employment in the various subbasins in 1960 and
for the year 2020.

Even though the projection of agricultural employ-
ment indicates large decreases. it is anticipated that
agricultural production in 2020 will be approximately
three times that of 1960, Almost all other economic
sectors are expected to expand similarly.

The principal economic activities in the basin are
agriculture and agriculture-oriented industries. Manu-
facturing is one segment that could show greater increase
it other factors should become more tavorable. Other
industrial developments have failed to show significant
growth because of the high cost of transporting goods to
the principal centers of population in the east and on the
west coast. Low product-tonnage. distance from and to
markets. and high transportation rates combine 1o
discourage investments in the development ot the
manufacturing mdustry which would utilize some ot the
raw materials available in the basin. The prospects of the
apper part of the basin ever becoming highly mdus-
trialized as a manufacturer of many finished products
are remote, However. it is expected that the basin’s vast
coal resources will be utilized to provide thermal power.
oil. gasoline. and petrochemicals. The extensive gvpsum
deposits are a potential source ot sulphuric acid

Hunting. fishing. and outdoor recreation use of
nature’s scenic and water resources. especially in the
mountains, and the growth m related service functions
have become important economic activities in several ot
the basin states

The per capita personal income and carnings per
employee tor the various subbasins are shown in table 4
The Platte-Niobrara Subbasin had the highest per capita
personal income of $2.010 in 1960. and the Eastern
Dakota Subbasin  the lowest. S1.332. Earnings per
employee in 1960 ranged trom S4.103 in the Platte
Niobrara to $2.959 in the Eastern Dakota. The projected
per capiid pum-lul income for the veuar 2020 ranges
from $7.050 in the Eastern Dakota to 8S7.769 i the
Upper Missouri Subbasin. Earnings per employvee pro-
jected for 2020 range trom SI3.84% i the Kansas
Subbasin to $17.040 in the Western Dakota Subbasin

Table 4 — AVERAGE ANNUAL INCOME AND
EARNINGS, BY SUBBASINS — 1960 AND
PROJECTIONS TO 2020

Per Capita Farnings

Subbasin | Personal Income i Per Employee
L 1960 2020 | 1960 | 2020

o e — 4 +

Upper Missouri i 1.844 37.769 | $3.879 $14.912
Yellow stone i 1.812 ! 7556 | 4070 15.769
Western Dakota 1449 | 7.6%0 ‘ 3.183 17.040
Fastern Dakota | 1.332 | 7.050 29359 15011
Platte-Niobrara 2010 | 66 | I 4103 1S.080
Middle Missouri ’ 1.830 i 7626 | 3878 15.091]
Kansas | L7758 | T403 ' 2360 13.848
Lower Missourn boagas S02 F 3,763 15:257
Missourt Basim l 1.813 | 7.549 \ 3.751 | 15.065

EMPLOYMENT

Overall employment in the Missourt Basin increased
less than in the Unites States as a whole during the 1940
to 1960 period. In the basin, employment gamed about
33 percent for the 20-year period. while the Nation’s
cnlpln_\nu‘ln Wis mcereasing about 46 percent Conse-
quently, the basin’s share ot total national employment
declined over this period from 4.9 percent to 4.5 per-
cent. Employment composition in the basin has de
finitely reflected this fact during the past two decades
Workers in agriculture decreased from 35 percent of the
total employment in 1940 to only 17 percent in 1960
This sector of employment showed the greatest per
centage change. and in absolute numbers amounted to
about 280000 jobs. Employment changes m other
sectors over this period varied from 9 to 14 percent tor
manufacturing: S to 7 percent for other commodity
producing: and 51 to 62 percent tor noncommodity
producing

One might conclude that while agrnicultural employ

ment was dechning, its workers were bemng absorbed n




the increasing manufacturing emplovment during this
period: however, the rate of absorption was not suffi-
cient to allow the total employment in the basin to keep
pace with the total increase in the Nation

The noncommodity-producing group has shown a
significant gain historically and is projected to grow to
about 73 percent of the total employment in the basin
by 2020. While this industrial sector contains some
industries which are basic to particular local economies
and are generative in that they support loczl employ-
ment. the majonty of employment in this sector is ot
the trade-in-service variety, and typically “labor-
intensive.” They depend upon commodity-producing or
export-based industry in the local area, or may be
categorized as linked to these basic type industries.
Growth of employment in these industries is therefore
explaned by and depends upon growth in the local
export base. Because of their “labor-intensive™ charac-
ter. employment increases in these industries over a
period tend to be more than proportional to employ-
ment increases i the basic type industries. which are
generally highly “capital-intensive.” It may be concluded
that noncommodity-producing industries which show
mcreasing shares of total employment are reasonable.
and to be \‘\[‘C(IL‘\I

Without a like increase in the other commodity-
producing sectors to offset the continued decline in
agricultural employment. one cannot expect the basin’s
employment to keep pace with that of the Nation. The
shift out of agricultural employvment and the pattern of
“little farms becoming big ones™ create many problems
such as the formation ot ghost towns. These. in turn.
increase the influx of the basin’s population to the larger

Clties.
INCOME

Agriculture, the predominant source ot income or
means of livelihood has historically held average personal
income per capita to the lower brackets. What portion of
the total economy that is dependent. either directly o
indirectly. on agriculture is difficult 1o estimate pre-
aselv. A large portion of the noncommodity-producing
industries is made up of segments such as machinery
maintenance, feed grinding. tuel delivery. electric power
service, and similar services of inputs to agriculture.
which depend upon the farmer’s income. In the manu-
facturing sector, the largest component is that of the
food-processing industry directly related to agriculture.
Likewise. the large hivestock markets and numerous meat
packing plants are the basics of agricultural economy.

Ot the basic imdustries. agriculture is the major
employer. This is true even with the decreases in
agricultural employvment due to the mterrelated rural
out-migration and the technological advancements. -
cluding mechanization of the tarm.
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The products of agriculture sold i the basin were
worth approximately 4.6 billion dollars in 1959 and 5.1
billion in 1964, with the average value per farm being
$13.444 in the latter year. In {964, livestock and
livestock products accounted for 70.6 percent of the
total sales from farms.

Manufacturing. a basic type industry. has enjoyed a
rapid growth during the last two decades: however. it iy
located primarily in the larger metropolitan areas. The
smaller urban places in the basin. where alternative
sources of employment and income are needed to offset
the loss resulting from changes in agriculture. are still
virtually without manutfacturing. Cities ot 10.000 to
50.000 population have experienced some success in
attracting manufacturing in recent years. due largely to
the trend of decentralization in the food-processing
industries. A small amount of light industry. such as
machinery fabrication and electronics. has moved into
the basin. Even with this influx of manufacturing. the
plains portion of the basin has been largely void of any
material gain.

The most rapidly expanding sector of the economy is
the noncommodity-producing group which has the
largest proportion of employment and exerts the
greatest influence on the average earnings per employee
In 196C. about 62 percent of the basin workers were
employed in this sector. Even though the non-
commodity sector contains some industries which are
basic to particular local economies (and are generative i
that they support local employment). the majority ot
the employment is generated in the trades or services. It
must be noted that this employment is dependent
largely upon the wealth produced by the more basic
sectors of agriculture and manufacturing. Only when
these industries are supported by income from outside
of the basin do they add to the basin’s economic growth
or economy. Otherwise. they simply represent the
reexpenditures of wealth created by some other industry
within the basin. This is not always a desirable situation.
i.e.. to be wholly dependent upon the economic health
of the rest of the basin.

An increase in the tourist business has plaved a large
part in the increase in employment in the trades-and-
services segment. Throughout the basin. greater emphasis
is being placed upon attracting the tourist because
tourisnt is an alternative to agriculture in the economic
base. This “new industry™ hus probably the most
potential  for growth. and is expected to become
increasingly important

A \{UP(‘II\IUHL'L' ot the Mmajortty of the “L'("‘}C in the
hasin on the non-commodity sector has not been a total
blessing. Historically, their wages have been below the
Nation's average, and generally. the level of earnings pes
emplovee - the Missouri River Basin for 1960 and
projected vears is following the same pattern. The basin

level of personal income per capita was 909 percent of




the national level in 1960; however, the basin average
carnings per empioyee were only 88.7 percent of the
national average.

The lower salaries. as shown by the earnings-per-
employee figures in table 5 paid i the basin clearly
indicate the difficulty in effectively competing with
other areas of the Nation for the trained worker.

When the earnings of the most rural aress ot
subbasins are examined. it is readily noted that the
employee earnings and per capita incomes are the lowest
of the basin. The more highly skilled industrial jobs and
the better paving professional services are located in the

larger cities.

Table 5 — INCOME AND EARNINGS MISSOURI
BASIN — 1940, 1950, AND 1960
- — ],,_ S—
1 1940 l 1950 , 196G
Total Personal Income | |
(5000.000) | 6.270 11.144 14.381"
Percent of U.S. 3.97% 444 4.09
Per Capita Personal
Income () | 927 1.575 1.829
Percent of U.S. | 77.30% 95.17% 90.92%
Total Farnings

(S000.,000) 5.209 9.108 11,196
Percent of U.S. 4.12 4.537 3.99%

Farnings Per Employee(s) 2,329 3.354 3.751
Percent of U.S. 1 83.48 95.80" 88.72¢

! 1960 employment and 1959 carnings (1954 dollars)
NATURAL RESOURCES

Land

Each element of the basin may well claim high
importance, but the basal fact of 329 million acres of
land and water must be considered first. On what Kind
of land is the Missouri Basin founded? The answer is
varied.

The plains portion of the basin consists ol areas
which are underlain by sedimentary formations ranging
in character from hard rocks to unconsolidated sedi-
ments. mostly clays. shales, silts, sands. and sandstcnes
Large arcas are covered by more recent deposits of
glacial till. sand. gravel, silts. and clays that were laid
down by water. wind. and ice.

Soils have been developed under griss cover.with the
exception of those in the Ozark Plateaus and Rocky
Mountains. Many types of soils, with wide vanations in
profile charactenistics and vse capabilities. are found
Zonal soils include the Prairie soils m castern Kansas
and Nebraska. Towa. Missouri, Minnesota, and extreme
southeastern South Dakota: the Chernozem soils i
sone that extends from eastern North and South Dakota
through central Nebraska and Kansas: the Chestnut soils
in northern Montana, western North and South Dakota

and Nebraska and northwestern Kansas: the Brown soils
in eastern Montana and Wyoming and northeastern
Colorado: the Sierozem soils in the intermountain hasin
and high. dry plateaus in northwestern Wyoming: and
Podzolic soils in the forested areas of the Rocky
Mountains in western Montana. Wyonung. and Colorado.
the Black Hills in South Dakota and Wyoming. and the
Ozark Plateaus in Missourt.

About 312 million acres, or 95 percent of the land
area in the basin. is used for some agricultural purpose.
Grasslands used for grazing comprise about 54 percent
of the total agricultural area. About 31 percent of the
land is cultivated. The remainder of the area isin forest
or is devoted to miscellaneous agricultural uses.

The basin contains 7.4 million acres of irrgated
cropland. principally in the Platte-Niobrara. Kansas.
Upper Missouri. and Yellowstone subbasins About 38.0
million acres of the agricultural land area are in Federal
ownership. These lands occur largely in the mountains
and western plains area and are used for grazing and
production of forest products.

About 2.8 million acres of land in the basin. most of
which is publicly owned. is devoted primarily to
recreational use. Nearly all land in the basin is used by
some form of wildlife. but only 0.7 million acres is
inventoried as land dedicated primarily o fish and
wildlife uses. This area excludes any water area. which is
inventoried separately with no attempt to delineate use.

Transportation. urban. and built-up uses of land are
estimated at 7.7 million acres: military use. at 0.6
million: and use by mineral industries. at 33.000 acres

Approximately 3.8 million acres of the Missourt Basin
is covered by water. including water areas under 40 acres
and streams less than one-eighth mile in width

The following table presents a summary ot the
primary uses of land and the water areu

Coordination in management of primary and ancillary
uses of land and water is recognized. For the Missouri
Basin, the 328.508.000 acres of primary land and water
now furnish an equivalent of 714.291.000 acres of
multiple resource use. This multiple-use aspect 1s sum-

marized m table 7
Water

The recorded average annual runott of the Missoun
River at Hermann, Mo., trom 189X through 1966 18 S6.7
million acre-feet. Considering the 1970 level of develop

ment in the basin, consumptive use of Water i varous

subbasins would reduce their contribution to the m
stem to 55.5 million acre-feet per vear. Subbasin flow
contributions are as shown in table 8

Considering  Missourt  River reservorr evaporation
consumptive use of diversions from the Missour Rwer ot

water used within the basin and diversions out ot the

basin. the average annual flow of the Missoun Rwer at




e e =

Table 6 — PRIMARY USES OF LAND AND WATER AREA

Transp. 1
Fish and Urban & Mineral | |
Subbasin Agrit:ul(urc2 Recreation? wildlife? Built-Up Water Area® Industry j Military | Total

(Thousand Acres)
Upper Missouri 50,382 519 182 } 1.200 670 | 3 | 7 52,963
Yellowstone 43,152 | 1,408 34 243 345 | 9 9 45.200
Western Dakota 47,289 334 101 J 898 472 | 3 269 l 49.356
Fastern Dakota 34,399 38 427 | 1,536 902 1 1 37.303
Platte-Niobrara 60,787 | 377 254 | 1,474 654 6 123 63.675
Middle Missouri 14901 | 37 60 E 565 174 2 6 15.745
Kansas 37,182 | 36 21 1.189 336 6 106 38.876
Lower Missouri 24300 65 69 | 585 266 3 102 25390
Missouri Basin 312,392 2814 1.148 ! 7.680 3.819 | 33 622 328.508

! Less than 500 acres.

Includes cropland, pasture & range, forest, and other agricultural lands.
“Figures shown are for single-purpose lands, but an additional 8,764,000 acres are included in other categories that are jointly used

_and have primary value for fish and wildlife.

Includes primary water area of recreation and fish and wildlife,

Table 7 — SUMMARY OF PRIMARY AND ANCILLARY USES OF LAND AND WATER AREA

l Transp.
Fish and Urban & Water Mineral
Subbasin Agriculture 'l Recreation l Wildlife Built-Up Area Industry | Military Total?
(Thousand Acres)

Upper Missouri 53.710 14,774 I 51.687 1.200 670 3 7 122051
Yellowstone 45.742 13,311 44914 3217 346 9 9 1G4.658
Western Dakota 51.085 10,708 48.316 1,508 S00 3 345 112435
Eastern Dakota 34,520 1.490 35,615 1.536 902 1 (i 74.064
Platte-Niobrara 64,054 8.380 61,985 1474 743 6 358 137.000
Middle Missouri 15.580 209 15.0587 S66 174 2 6 31.594
Kansas 37.680 431 37.508 1,202 646 6 127 77.600
Lower Missouri 28,019 949 { 24 566 984 266 3 102 54.889
Missouri Basin 330,360 50.252 319.648 8.797 4.247 33 954 L 714.291

I Agriculture includes cropland, pasture and range, forest, and other agricultural lands

5 :
2Includes both primary and secondary uses of fand and water.

Table 8 — ORIGIN OF MEAN ANNUAL FLOW OF
MISSOURI RIVER

Million Acre-Feet

Subbasin Per Year (1970)
Upper Missouri i
Yellowstone 8.8
Western Dakota 24
Eastern Dakota 3.2
Platte-Niobrara 4.2
Middle Missouri i iy
Kansas 4.2
Lower Missouri 173
Subtotal 558
Muain Stem Reservoir Fvaporation -1.9
Toral 53.6

Hermann reflecting the 1970 level of upstream develop-
ment is S3.6 million acre-feet.

There is @ huge amount of ground water in storage in
principal aquifers of the Missouri Basin. Plate 3 shows

the estimated amount of ground water in storage n

19

selected areas in each of the eight subbasins. Character-
istics of some of the aquifers are fairly well known.
However, development of much of the ground water and
determination of its quality awaits further investigation.
There is some intermingling of surface water and ground
extent of been

water. the full which has not vet

iinvestigated.

Minerals

Mineral resources of the basin are most conveniently
described by grouping the many mineral commodities
into three categories — metallics, nonmetatlics. and fuels.

Metallic mineral resources in the basin are generally
associated with orogenic provinces — mountamous areas

and thetr peripheral outwash plams. Metallic ores are
puuluccd in significant quantities from the mountainous
areas of central Montana. central Wyoming. and north-
central Colorado. and from the Black Hills of South

Dakota.




- —— e

~—

FORT PECK
RESERVOIR

¢ #Usse s,
3 ~eu

o™




CANADA

T"UNITED STATES

T

-

‘imm@pw

N\ N
\ g £
?l./- /r‘.}\*,/‘,\

2 N/

"
5N
BOUND
TR
A N
Xt
Eas
NCONF N
. Nl
[
. 5
. ENE
CRRYEY

EST
GROU
1)

CCMP
M

MISSOURL



L E G E NBD
BASIN BOUNDARY
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GROUND WATER IN STORAGE
IN SELECTED AREAS
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The principal minerals include gold, silver. copper.

lead, zinc, tungsten. vanadium, chromium, beryllium,
and low-grade iron ore. The general locations of areas
producing metallic ores are shown in figure 7.
Nonmetallic minerals include construction materials:
a number of fertilizer minerals such as phosphate, potash
and gypsum: minerals for chemicals such as fluorspar,
lime, mica, salt, ete.; and bentonite clays. Counties
producing nonmetallic minerals other than sand and
gravel are shown in figure 8. Mineral fuels consisting
of crude oil and coal reserves comprise much of the
basin’s mineral wealth. Production of crude oil is
expected to increase moderately through the yean 2000

and to decline thereatter. General locations of crude-oil
reserves are shown i iigure 9

Recoverable reserves ot coal are estimated to be 4350
billion tons. or about 35 percent of the Nation's total
The states of North Dakota. Montana. and Wyoming
possess about 80 percent of the basin’s supply. General
locations of the coal fields and reserves are shown in
figure 10.

Coal’s long-range future will be mfluenced by results
of current research in chemistry. in specialized fields ot
synthetic liquid fuels. manufactured gases, and coal
chemicals. A sharp increase is anticipated in use of the

basin’s coal for generation of thermal-electric power

FIGURE 7
COUNTIES PRODUCING METALLIC ORES, 1910-1963
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FIGURE 8

COUNTIES PRODUCING NONMETALLICS
OTHER THAN SAND AND GRAVEL 1910-1963

LEGEND

BASIN BOUNDARY

ATE OR NATIONAL SOUNDARY

QUNTY BOUNDARY

— ECONOMIC SUBREGION BOUNDARY

ECOMOMIC SUBAREA BOUNDARY

L_-—j OUNT 1£5 PRODUC ING NONMETALLIC
OTHER THAN SAND AND GRAVEL

Fish and Wildlife

Ihe fish and wildhte resources of the Missourt Basim
are among the most outstanding in the Nation. Much of
the Nation’s best big game. upland game and watertowl

hunting, and coldwater fishing s found m the basmn

Fach year these resources attract large numbers o
fisherman and hunters from all parts ot the Nation. Also
the basm contributes to hunting and other recreation
outside the basin as Lirge numbers of nugratory bids are

produced here

hE
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In the western part of the basin. fish and wildhite are
heavily dependent tor habitat on public Tands. while 1
the castern portion they are almost entirely dependent

for habitat located on private lands. Over the basin. less

than one-halt ot T percent of all lands s devoted to il
and wildhife as a simgle-purpose use

The great varnety ot fishing waters supports about
10 species important to the sport fishery. mcludmmg the
rare gravhing and several species of trout that mhabit the

aro mountam  streams and  lakes, and  the przed

northern pike and walleve ot the prame waters. Bass



FIGURE

9

ESTIMATED CRUDE-OIL RESERVES
BY SUBAREAS, 1965
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pan lish.and catfish are prominent m most waters of the
jower reaches ot the basii. Throughout the basin about
20 species ot fish are red ognized as of commercial value
Fhe numerots minnows present are important as torage
tor larger fish and ftor bait. Approximately S million
pounds of commercial fish are harvested annually in the
Missourt Basin

A vast range in habitat types throughout the basin
supports i large variety of wildlhite. About 60 species ol
hig game, upland game. and waterfowl make up the
array of birds and mammals sought by hunters: Some

10 spectes are mportant “or then tur value

[he big-eame species range from the elk and grizzly
bear of the western mountain country to antelope on
the praities. Deer found throughout the basin supply the
bulk of the big-game harvest

Upland game. the backhone ot the basin hunting
accounts tor about 74 percent of total hunter-days
the basin. The pheasant alone account  tor about
32 percent of the total hunting

Waterfow! supply about 13 percent of the hunting
but even more mportant s the contribution ot the
migratory watertowl produced m the basin to the total

contimental population. The major watertowl production




FIGURE 10

[ ——

COAL FIELDS AND RESERVES, JUNE 1965
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of the contiguous 48 states occurs within the Missouri
Basin.

Recreation

The basin with its large open spaces. rugged scenic
regions. and intenstively developed recreation sites,
offers a variety of recreation opportunities. These
resources provide not only most of the outdoor
pleasures of the basin’s 7.4 million residents, but also
attract millions of nonresident recreationists each yeur.
With proper protection and development. the recrea-
tional assets should satisty most of the leisure-time
demands of an expanding population for many years to
come.

The basin contains approximately 5200 public
recreation areas.'  These include 47.632,000 acres of
recreation land, 2.524.000 surface-acres of water. and
96,000 acres of marsh. Approximately 174.000 acres of
land area. or four-tenths of 1 percent. are intensively
developed for recreation use. Most of the basin’s
recreation lands and waters also serve other purposes,
including wildlife, timber. and livestock production

OUTLOOK

It appears that agriculture m its broadest aspects will
continue to dominate the basin’s economy well into the
future. Manufacturing and any growth in heavy industry
which the basin experiences will continue to be largely
in the metropolitan areas. Only i a few localities will

Ilwludmg the private sector, for which “number of area™
figures are not available.

minerals and timber be important economic bases. There
is not much likelihood that the basin will gain much m
the refining of petroleum or metals. outside of the large
urban areas. One excepuon to this would be in areas of
large coal deposits. such as in the eastern part of the
Yellowstone  Subbasin, where these fields may be
developed for the production of synthetic liquid fuels
and other related products. With the expected con-
tinuation of migration from the rural areas. the small
towns will continue to lose their service functions to
larger neighbors except where they are able to diversify
into such mterprises as tourism and light industry. It
appears that the major trends of the last 40 years will
continue for some time into the future.

The trend to larger farms and the substitution of
capital for labor undoubtedly will result i larger
incomes per farmer and farm workers. Some of the
“largeness” in farms may take a different direction from
that of adding land to more intensified operations
through such means as land conservation. more efficient
machinery. irrigation equipment, and cattle feeding in
the feed lot. Cattle in feed lots and individual irrigation
where water is available have shown the greatest promise
for expansion to the tarmer in the basin and the trend in
this direction is very likely to continue. In general. the
shift to more intensive farming operations means a
higher net income to the farm manager. It could also
lead to more stable populations and annual incomes for
the basin. The individual managers. by making these
shifts. not only use their land more intensively. but put
to work all of the resources. including water. that are
available to them.
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PRESENT DAY AGRICULTURAL
CHARACTERISTICS

Agriculture in the Missouri Basin is an important part
of the total agricultural sector of the national economy.
I'he production of farm commodities and food products
in the basin accounts for a large and indispensable
portion of the Nation’s food and fiber supply Agricul-
ture. the basin’s largest single industry. has a dual
specialization, the production of field crops (mostly
food and teed grain) and livestock  (mostly  meat

animals)

Agricultural emplovment i the basin has declined
rapidly since 1940, in absolute numbers and as a percent
of total employvment. This decline has been oftset
somewhat by an increase in agriculture-related employ-
ment in the service sector. Rapid technological advinces
and an increase in the substitution of capital for labor
has had the effect of shifting many farm employees into
service employment. An oft-farm increase in feed mixing
and handling. fertilizer application. chemical service, and
management and financing. as well as the contracting of
actual farm operations. has diverted employment once
classified as agricultural by the Burcau of Census into
the service classification.

Basin agriculture has been significantly affected by
public policies and programs. Originally. much of the
land was homesteaded in 160-acre units. Current tarm
consolidation. also  resulting  from technological en-
deavors and the substitution of capital tor labor. has
been accelerated by the continuing struggle to adjust
from the homestead concept and eastern culture carried
over  trom  settlement  davs  to the  Great Plans
environment.

Basin agriculture has been marked by pertodic spurts
of optimism brought about by short periods ot increased
demands and higher prices. e.g.. World War [ and 11 and
the Korean contlict. In between these briet periods of
surging demand. agriculture has been plagued by lagging
demand. low prices, over-production, excess capacity to
produce. and lower incomes relative to other sectors of
the economy

During the 1930°s there wus o rapid butld-up ot

stocks of wheat. teed grams, and other commodities

CHAPTER 2

AGRICULTURE

Increasing Size Of Farms Throughout The Basin
Results In Many Abandoned Farmsteads

produced in the basin. In this period. the Food tor Peace
Plan was initiated together with other programs ot free
domestic distribution and concession sales abroad. These
types of programs furnished markets tor nearly one-thud
of the grain produced for national export between 1954
and 1964, Agricultural prices m the Missourn Basin have
been supported by national programs which nclude

substantial cropland retirement 1o adjust supply 1o

demand. and subsidized sales at home and abro

I'he climate of the basin poses a tormmdable challeny

Part of this natural instability as dllustrat

which shows the geographic and annual vartation m
precipitation i the basin. Local vanations and monthly
variability are much greater even than shown m plate 4
In addition. other unstable phenomena exist such as
high-intensity  downpours.  tornadoes, hail. unumely

frosts, dust storms, and short-term dry penods dunng

the crucial growimg season. Generallv. the in




i
upon average expectation frequently fulls sl
due  to nadequate  precipitation or fail
favorable moisture to optimize production
{ Fhis chmatic environment, plus the physical fe
of the basin. controls agriculture as 1t 1s today. and
potential agriculture as 1t relates o water and L
1 resource development

Agricultural Land Use

Muny of the significant charactenstics of agri
organization are lnked closely to the chmatic and

physical features of the basin. In general. runtall bel

range from a favorable subhunmid environment in the

lower basin and eastern plamns to a semi-and
|

1 the western areas With this transition

cnvironment u

from cast to west, cropland gives way to grassland. tarm
size ncreases. and  the density of tarm  population
declines. The general transition 1s interrupted at point
by irnigation which creates areas of diversitied agricul

ture within the general limitations ot local chimat

A X 4l s . conditions. These rngation areas enhance and

t high-valued

aross mcome by sustaining production o

Improved Mechanized Equipment Continues

spectalty crops and winter roughage and feed gram

To Increase Farm Efficiency :

) which support ranching operations in the arid areas
variations m chmate on agriculture has been recognized Approximately 312 million acres, or 935 percent ot
as more severe than any other large agricultural areas in the land arca mm the Missoun River Basin. are used ton
the Nation. Under these conditions. ]‘\AHIHII‘_‘ decisions some agricultural purpose. as shown m table 9. About
are subject to great deviation from “expected averages” 87 percent of the agricultural land and essentially all
Aericulture can adjust and produce economically m any the cropland are m private ownership. Federally owned
climatic level it the weather is relatively stable and land s an mmportant source of livestock grazing and
predictable. In vast arcas of the basin. however, the forest products
“normal™ chimate varies widely and unpredictably. The Grassland is the largest major land use category . a4
driest summers in the vast midsection are like the arid shown i table 10. About 61 percent or 189 nulho
western plains while the more favorable years may create acres of the agricultural land s devoted to grazing. The
tvpical corn belt conditions. The succession of wet highest proportion of grazing use occurs m the Upp

lrought vears. and those 1 between does not Missourt.,  Yellowstong Western Dakota. and  Platie
follow any predictable pattern or eyvele. Planning based Niobrara subbasins where more than two-thirds ot the

Table 9  INVENTORY OF LAND PRODUCING AGRICULTURAL PRODUCTS, BY SUBBASINS

v v
Upper Yellow- | Western Il.Ncrn ‘ Platte | Middle ,‘ 1 Lower Missourt
Item Missourt stone Dakota l Dakota l\mlxmm l Missourt ‘ Kansas | Missourt Basin
(Thousand Acres)
Private Ag. La | | |
C land 10710 i 3,374 I ).295 ‘ YA 15.634 ‘ 11.219 ‘ Y 341 10208 | 10 K9
(g ! (953 (1.031 ) (198) ey 2 1) (103 | (1.703) 3] (6.896)
Pasture & Ran 25.522 24 333 3.6 12.54 } ) 485 13619 334 | 152.664
(lrrig.) (149) (l '>! ¢ 1Y (202 S )
| t & Woodland 1,964 ; 1.550 ‘ 9 11 1.93¢ ( S9 788 654
(ot d) i 56 ¢1.3S ) | (908 ) (110 (1.4 V) (SO ) RY) ( 1 (9 I8¢
Other Ag. Land 54 )| ()9 394 ( 14 552 ) &y
Fotal Pyt Ag. Land § 450 ) 34K 1.1 34 3¢ S g 14 ) 1 6
Other I or I d 118 }
Federal Land Produc
\g. Prod 11.932 13.804 131 ) 149 6y (
((y d ! | k (8,134 (9.4 ) ( ) ( &) (6.0 ) 19
I orest) ( $7) (4 ) (1.486) ) (29 ) ) 14
| | | 4 | { |
Total Ag. | | 0 j %3l 17.289 | 34.399 t | 14 ! | i |
Minelu rrigeated cropland urean of Reclimation project (I troct r tunded for 1
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Table 10 -~ DISTRIBUTION OF MAJOR LAND USE IN AGRICULTURE BY SUBBASINS

Pasture
and

Subbasin J Cropland Range
Upper Missouri 2i 64
Yellowstone 8 81
Western Dakota 20 77
Fastern Dakota ol 37
Platte-Niobrara 26 70
Middie Missouri 75 20
Kansas 60 38
Lower Missouri 42 43
Missourt Basin 33 6l

Forest Other ‘
and Agric. {
Woodland fand | tocai!
(Percent)
14 | 108
14 ¥ 103
) 1 103
1 2 101
S | | 105
S 3 13
2 2 | 102
- 24 3 2
9 I 104

L/ Total indicated used is greater than 100 percent due to the grazing of forested land

area is pasture and range. In the Eastern Dakota, Kansas,
and Lower Missouri subbasins, approximately two-fifths
of the land is in grass and in the Middle Missouri only
one-tifth.

Total cropland in the basin is estimated at 104 nul-
lion acres. or 33 percent of the land area. In general. the
proportion of cropland declines from east to west. The
Middle Missouri  Subbasin 1s the most intensively
cropped with 75 percent of the area cultivated. The
Eastern Dakota and Kansas subbasins are 60 percent
cropland, the Lower Missouri 42 percent. and  the
Yellowstone Subbasin is the lowest with only eight
percent.

Seven percent. or about 6.9 million acres of the
cropland in the Missouri Bustn is irrigated. There are also
0.5 million acres of wrrigated pastures for a total of 7.4
million acres of land irrigated annually. The Platte-
Niobrara Subbasin has the largest area in irrigation or 3.0
million acres. Other important areds of irrigation are in
the Kansas Subbasin with 1.7 million acres. and the
Upper Missourt and Yellowstone subbasins, each with
approximately T mithon acres. Smaller amounts of irriga-
tion are found in the Western Dakota and Middle
Missourt subbasins.

Forest and woodlands. much of which is grazed. are
estimated at 28 million acres. Grazing of this acreage
enhances the efficiency in resource utilization. Forests
and woodlands are important in the Lower Missouri
Subbasin, with 24 percent of  the area in this use
Fourteen percent ot the Yellowstone and Upper
Missouri subbasins is classed as forests and woodlands.
with lesser but locally significant amounts in the central
stubbasins.

Federally owned agricultural lands which contribute
agricultural products are estimated at 38.0 million acres.
These lands are largely i the mountains and western
platas areas. Two-thirds of the Federal Jands are located
in the Yellowstone and Upper Missouri subbasins where
such ownership comprises 32 and 24 percent of the
agricultural land. respectively. The remaining third is
largely in the Platte-Niobrara and Western Dakota

subbasins where Federa! ownership ot agacultural land is
12 and 11 percent. In this report. Federal lands were
inventoried only with respect to thewr contribution to
agricultural output. No attempt was made 1o examine
the condition and quality or to project the potential
capacity of this land. The uses mventoried were grazing
and forestry.!

Private agnicultural land in the Missourt Basin s
estimated at 273.7 million acres. This portion of the
land base was mventoried by soil resource groups
(SRGs) withm land resource areas (ERAS) from intor-
mation in the National Inventory of Soil und Water
Conservation Needs developed by the Umited States
Department of Agriculture.

Land resource areas are broad delineations used to
divide the Missouri River Basin into 39 arcas with silar
physiographic features. types of agricultural develop-
ment. and climatic environment. Within each  fand
resotrce ared. the soils. climate. geology. vegetation.,
topography. and agricuftural development arce similar
and related

Soil resource groups dre aggregations of soil mapping
units that have similar cropping patterns. vield character
istics. response o fertilizer. management. and land
treatment measures. The inventory of the private agricul-
tural land base contains approximately 15 to 20 soil
resource groups per LRA.

These two levels of identification constitute the
delineation of the private agricultural land base and form
the iventory of land area and production capability
used in the analysis m the following sections ot this
report

ln the Missount Basin. crop production depends on
many  factors which vary from vear to year. The
selection of any particular base year could be influenced
greatly by random vanation. both m total basin produc
tion and among areas of the basin. To improve the
reliability of the measurement of current production

Fihe smadl amount of Federal Linds used tor caltivated crop
production s mcluded in prvate agncattural fand



Livestock Grazing Utilizes A Large Portion Of The Land In The Basin




capability. a process was used to provide an estimate of
present production with current technology . from which
the umpacts of abnormalities caused by weather and
other hazards a single year were weighted by their
historical occurrence. Historical data for the years 1939
to 1963, adjusted by a process which progressively

weighted each successive year i the historical series.

were used to establish this measure which 1s called
“current normal.”
The final

patterns within subbasins in table 11. Further details of

inventory is summarized by croppimng
methodology and soil resource groups and land resource
area descriptions are presented in the Land Resources

Availability Appendix.

Table 11 — CURRENT NORMAL CROPPING PATTERNS OF PRIVATE AGRICULTURAL LAND, BY SUBBASINS

SUBBASIN -
Upper Yellow- | Western | Eastern Platte- | Middle T Missouri
~ Crop | Missouri. j‘i"e_L Dakota Dakota Niohram‘l Missouri Basin
(Thousand Acres)
NONIRRIG. CROPLAND
All Wheat 3.376 683 2,224 3.674 2.301 450 6.799 [ CEN ! 19.892
Rye 31 6 74 294 156 3 153 | 1 721
Corn Grain * 5 168 3.385 2,046 4.285 1.064 | 2119 | 13,045
Corn Silage Fquiv. 10 16 480 626 372 225 949 l 225 | 2903
Sorghum Gram 1] 1] 60 101 497 310 2413 | 293 | 3.674
Oats 127 59 740 2.889 789 1.216 289 | 522 | 6.631
Barley | 1.364 192 S44 I LET 438 12 S0S | [0l 4,273
Alfalfa Hay Fquis 497 | 300 1.633 2.384 1.327 1421 998 | 1.815 | 10375
F'laxseed 23 7 86 1,255 0 8 (0 ‘ 0 ‘ 1.379
Soybeans 0 0 * 357 140 1.058 182 | 1429 ‘ 3.166
Dry Beans 0 0 0 0 4 0 2 ( 6
Potatoes 0 b 4 2 * 2 (0 21 10
Sugar Beets 0 0 0 * 0 . U] 0 | -=
Cropland Pasture ( I3 24 184 349 701 275 393 ’ 719 2.646
Other Crops Han \ 115 | 15 |f 30 5 42 49 73 88 117
Summer Fallow [ 3.734 \ 816 ! 2,078 1.932 | 2273 . 3.750 ‘ (0 14 583
Idle Cropland | 479 | LT | 454 1.045 640 555 1.030 | S10 ‘\ 4.830
Reserve Idle { 0 | 103 335 2,101 1,124 | 1,247 _‘.m.\“ 1.394 ‘ 8.342
|
TOTAL | 9757 | 2343 9.097 20.889 12.850 ‘\ 11,116 20,638 | 10.203 | 96.893
| [ | | [

IRRIGATED CROPLAND \ | { |
All Wheat 10| 60 11 70 0 | 53 | 0 204
Corn Grain 1| 9 15 15 945 69 | 863 | 1| 1918
Corn Silage Equiv. [ 8 44 16 s ‘ 261 ¥ 158 ( 0 | 308
Sorghum Grain 0 ‘ () 3 | 104 S 272 | 0 | 38S
Barley [ 343 | 237 | 7 3 | 95 | 0 5| 0 690
Alfalta Hay Equiv. ‘ 514 | 436 | 96 67 | 689 | 2 133 | 0 1.937
Soybeans | 0 | 0 | 0 - [2 2 6 | (I 20
Dry Beans 2 S8 . s 132 0 14 | 0 213
Potatoes ‘ 4 | 2| 4 l 30 | e 1| 45
Sugar Beets | 15 | 94 9 14 186 | 12 45 | 0 375
Cropland Pasture | 17 42 | 27 3 61 | o 6 | 0 156
Other Crops Harv | 0 | 3| 1 1 16 | 4 11 3 Y
Idle Cropland ‘ 29 | 30| 7 1| 85 | 1 s1 | 0 | 204
Reserve Idle 7 | 16 __ 0 0 98 0 84 0 208
TOT AL | 953 1031 198 119 2.784 103 1.703 | ) 6.896
CROPLAND TOTAL 10,710 | 3374 | 9295 | 21.008 | 15634 | 11,219 | 22341 10.208 | 103,789
Wild (Natwve) Hay 264 | 121 | 1.062 1.529 3081 62 324 | 108 6.54%
Pasture & Ruange [ | 24,212 30,615 11.018 32.066 2423 13,295 7.229 146.116
GRAZING TOTAI ‘ 24333 | 31677 | 12,547 | 35047 | 2485 | 13619 | 7334 | 152664

[ [
Grazed Woodland 1.356 | 1.357 | 908 110 ‘ 1410 | S6H0 XD 3.103 | 9186
Non-grazed Woodland 608 193 ‘ 69 101 I 526 71 2S5 2685 4468
FORIST TOTAL 1.964 1.550 | 977 A1 193 631 | 597 S788 | 13654
Other Ag. Land 254 | 91 | 209 504 621 | 447 | 552 793 | 3561
e i s | 2 B ————

FOTAL A LAND l 38,450 J 29 348 42.158 J 34360 §3.338 | 14,782 l W]nuJ 24123 273.668

*less than 500 acres
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Agricultural Production

Data on total production seem to belie the produc-
tion problems posed by the environment. Few other
major regions in the Nation equal the Missouri Basin in
the proportion of land which produces food and other
commodities. Because of the high degree of spectaliza-
tion. the basin produces a greater proportion ot the
Nation’s grain and meat. The area regularly produces a
third or more of the Nation’s wheat and is commonly
known as the “bread basket™ ot the Nation: however, its
share of the total production of feed grains is somewhat
smaller. 1t produces 31 percent of the nation’s sorghum,
29 percent of the barley. 22 percent of the corn. and
21 percent of the oats. In addition. the busin produces
40 percent of the Nation's rye, 30 percent of the sugn
beets, 50 percent of the flaxseed. and one-fourth of the
red meat animals — cattle. calves. hogs. and sheep.

With only I8 percent of the Nation's land. the basin
contains almost 23 percent of its farmland and the same
percentage of the Nation's cropland. Hence. the basin’s
share of grain and meat production bulks even larger m
comparison to its percentage of the Nation’s area. This
share of the Nation's output is accomplished with only
Il percent of the Nation’s agricultural  employees.
Historical production of crops by major commodities s
illustrated by figure 11, Feed grains comprise a majot
portion of total crop output with wheat. oil crops. and
sugar beets providing substantiaf portions of output.

What these data do not show is the annual vanation
in aggregate output. These variations cause a fluctuation
in the aggregate output from the basm greater than for
regions with more stable climate and natural moisture
supplies. Within the basin. small areas and mdividual

tarmers tace even wider fluctuations.,

Agricultural Sales

In 1964, the value of all tarm products sold in the
Missourt Basin was over five billion dollars, an mcerease

Crop Sales
Subbasin 1959 [ 1964
(Milhion

Upper Missourt 122 1 124
Yellowstone 43 | 51
Western Dakota 46 | 1
Fastern Dakota 114 | 202
Platte-Niobrara 263 249
Middle Missour 276 | 131
Kansas 35S 0
Lower Missourt 163 197
Missour Basin | 1.382 1.539

FIGURE 11

VOLUME OF CROP PRODUCTION BY MAJOR COMMODITIES
MISSOURI RIVER BASIN
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of one-half billion dollars since 1959 The average value
per tarm of all tarm products sold was STO.R00 i1 1959
and S13.000 in 1964, significantly higher than the
national average. The sale of livestock and livestock
products accounted tor 70 percent of the total cash sales
in the basin and was less than crop sales only i the
Upper  Missouri Subbasin. table 120 Livestock sales.
however. include tarm-to-farm movement prior to final
marketing and  domestcally  produced  grain - and

roughage ted to hivestock.

Gross Farm Income

In the 1959-61 period. gross farm imcome i the basin

was about 15 percent of the corresponding national

Table 12~ VALUE OF FARM PRODUCTS SOLD, 1959 AND 1964, BY SUBBASINS

Livestock Sales

' Percent of 1964
1959 I 1964 Basin Total Sales
Dollars) (Percent)

13 13 S
121 118 s 3
176 163 <
189 449 [ 13
SK88 6RY I8
986 1.09¢6 | 28
374 470 | 15
477 472 [ 13
3,224 1570 | 100

Sonrce: LS, Department of Commerce, Burcau of Census, Agrculture Census 1939 and prehiminany 1964
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total. Gross farm income ranged from a high ot over one
billion dollars in the Platte-Niobrara and Middle Missour
subbasins to a low of 172 million in the Yellowstone
Subbasin as shown in table 13.

Table 13 — GROSS ANNUAL FARM INCOME,
BY SUBBASINS

1959-61
Subbasin Average
(Million Dollars)

Upper Missourt 314
Yellowstone 172
Western Dakota 279
Eastern Dakota 655
Platte-Niobrara 1,057
Middle Missourt 1.196
Kansas 790
Lower Missouri 836
Missouri Basin 5.300

Farm Characteristics

One of the more significant changes in agriculture has
been the steady decline in number of furms and ranches
since the 1930°s. This trend has occurred quite uni-
formly in all subbasins. The total Missouri Basin lost
about 150.000 farms between 1949 and 1964. or nearly
30 percent. as shown in table 14. The national agricul-
tural revolution by which manpower and work anumals
have been replaced by
responsible for this loss of farms. Basin conditions were
favorable for farm consolidation and corporate-type
concepts. Settlement laws and practices of the earlier

machine power I8 [‘('Illllll'll}

period encouraged the development of farms too small
for the basin’s climate and resources. The 160-acre farm
unit of the Homestead Act is in sharp contrast with the
1964. Hence. re-
organization of farms in the basin has been more

690-acre average size of tarm in

pronounced than might have been necessary had the
basin been settled under ditferent policies which recog-
nized the nature of the Great Plains environment and its
unpredictability.

Most of the larger tarms and ranches are in the
western portion of the basin. The subbasin average size
ranges from a high of 3,038 acres in the Yellowstone to

2 in the Lower Missourt Subbusin as

N
Zd

a low of
illustrated by figure 12.

FIGURE 12
AVERAGE FARM SIZE, BY SUBBASINS

LEPER
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Agricultural Employment and Population

Agricultural employment in the basin declined by
nearly 280.000 workers between 1940 and 1960 as
shown in table 15. In 1960, approximately 512.200
farmers and farm workers were enumerated by the
population census.

Agricultural population declined approximately one
million between 1940 and 1960. or nearly 40 percent.

Table 14 — NUMBER OF FARMS AND PERCENTAGE CHANGE, BY SUBBASINS

L Number of Farms Percentage Change

Subbasin o 1949 1 1954 T 19591 17 1964 1949-1964

(Number) (Percent)
Upper Missouri 18,287 17.140 15,355 14.484 21
Yellowstone 14 485 13510 11491 10.575 27
Western Dakota 27.072 24 966 22.002 20.099 26
Fastern Dakota 71.725 68.021 61.066 S4.182 24
Platte-Niobrara 80,332 74.132 64,795 57.654 28
Middle Missour 90.570 85469 76,772 67.387 26
Kansas 80.836 75.187 66.354 S8.624 27
Lower Missouri 145,194 129.288 109.577 97.061 33
Missour Basin 487.713 427412 380.066 28

'l'n‘ldluxlml for farm definition change.

R R R

Source: Agricultural Census, 1949, 1954, 1959, and preliminary 1964,
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Table 15 — AGRICULT

URAL EMPLOYMENT AND POPULATION, BY SUBBASINS

Employ ment . Population
Subbasin 1940 1950 J 1960 1940 195C 1960
Upper Missourt 31944 30,197 23,332 85,779 66.383 56.390
Yellowstone 28,159 24.598 17.900 81.631 64,088 48.160
Western Dakota 44018 43,274 32.091 142.496 109.255 86.866
Fastern Dakota 108,106 108 488 80434 326318 272,155 222.086
Platte-Niobrara 129.703 123,951 93427 394.247 314,652 241.361
Middle Missourt 143,630 132,570 92,929 424,837 349 469 280,050
Kansas 116.794 108.987 74.047 368.001 273424 204427
Lower Missourt 189.551 168.522 98.086 648.758 497,712 332,563
Missouri Basin 791.905 | 740,587 512,246 2472067 1.947.138 1.471.903

Source: U. S, Department of Commerce, Bureau of Census, Population Census, 1940, 1950, 1960.

Summary

All of the preceding discussion of agricultural charac-
teristics has been concerned with
parameters, and with respect to relatively broad geo-
graphic areas. No data are presented to illustrate the

average

erratic nature of the environment as manifested in
production and income in small areas. The reader should
be aware. nevertheless. that the instability and un-
certainty faced by the individual farmer is much greater
in certain portions of the Missouri Basin than in the
more stable areas of the basin and throughout the

Nation.

The data presented, as it pertains to farm units,
indicates a consistent and progressive pattern toward
consolidation into larger size and more economic farm
operations. This consolidation hus possibly been more
dramatic and noticeable in portions of the basin because
of a failure in earlier times to recognize the limitations
of the environment. Recent trends in agriculture indicate

an adjustment toward a more efficient combination of

human and natural resources. This adjustment is charac-
terized by larger farm units, fower densities of rural
population. and a smaller share of the basin’s populace
being closely identified with agriculture. While agricul-
ture is plagued with low incomes in the basin. the
situation reflects an mdustry-wide problem rather than
any particular basin disadvantage.

While this adjustment results i stronger farm units
with per capita improvements in income and earnings.
soctal costs caused by the sparse population density of
rural areas have increased. Many in the rural sections
have to travel longer distances to satisty their needs for
school. trades. services. medical attention. and othe
amenities. This contlict of efficient
people and resources on one hand and vast distances
rural areas on the other is a social and environmental
characteristic of great significance to a study of prob-

lems and needs

values of

combinations of

OBJECTIVES AND NEEDS IN
AGRICULTURE

An analysis of the regional and national problems and
opportunities and their
relationship to future needs in agriculture is complex
Problems. potentials and may be
identical. or interrelated. Each potential for resource
development may be independent of. or may conflict
with, or complement other potentials and objectives.
The relationship is further complicated by the
divergency of objectives at national. regional. and
environmental levels. Any meaningful treatment of
present problems and future needs must recognize their
relationship to social objectives and financial oppor-
tunities involved in resource development. Accordingly.
the following

for economic development

needs separate.

agricultural  production is related to
objectives:
1. National objectives
a. Production demand
b. Efficiency gains
. Regional and local objectives
3. Environmental objectives
First, in relation to the national objective.
demand for agricultural production is detined
amount of food and fiber required to support the level
of economic activity consistent with the total economic
base. Projected national requirements for tood and fiber
are allocated to regions compatible and consistent with

SIS

tuture
as the

the national framework of projections dated March 6.

1964, prescribed by the ad hoc Water Resources
Council.

Future developmental needs. in relation to the
national objectives, are determined by comparing the
projected capability of the soil and water resouices to
produce agricultural products with the projected future
demand. Resource development which could substitute
food and fiber production at a cost lower than the
production from resources currently utilized. constitutes
a gain in efficiency and i1s consistent with national
objectives. Thus. a related national objective is to supply

the present and projected food and fiber requirements




through the most efficient combination of resources at

the lowest practicable cost.

The second-level objectives (regional and local) may
be achieved through development of the national objec-
tives already described. Regional and local objectives
may include the desire to change the course of the
economic growth and charactenstics of one region in
relation to the overall national economy. Such objectives
may be accomplished by several means: More efficient
use of a region’s resources. fuller utilization of under-
employed resources. winning industry from other areas.
or as a national policy of income redistribution which
diverts a portion of the Nation’s capital into the
development ot a particular region.

Regional and local objectives are in harmony with
national objectives in meeting agricultural production
needs if such objectives involve expanded production.
Regional and local objectives may go beyond the
national objectives by seeking to produce food and fiber
at levels in excess of the regional share allocated by the
national framework projections. Such production might
possibly divert agricultural activity in the region without
changing the national supply and demand levels and
invalidating price assumptions.

The third-level objectives (environmental) do not
always lend themselves to an analysis in quantitiable
terms. The preservation of unique natural resources.
stabilization of income. maintenance of rural populu-
tions and viable rural economics, alleviation of low
incomes, environmental quality. and economic-sized
family farms are desirable environmental goals. These
can become national benefits by the act of adopting
such programs as national policy. or may be considered

regional objectives.

National Food and Fiber Requirements

Projected national requirements for tood and fiber.
and the Missouri Basin’s share thereof. were prepared in
1964 by the National Interregional Projections Com-
mittee of the United States Department of Agriculture.
The projected agricultural production requirements ol
this basin. plus those of the 16 other major river basins.
constitute the composite national demand.

The magnitude of the future demand for agricultural
products was determined through consideration ot the
major forces which intfluence demand: Population. per
capita income, consumers’ tastes, industrial uses, live-
stock feeding efficiencies, imports. and exports. The
appraisal of future conditions relies heavily on historical
trends and relationships.

Domestic requirements for the major tarm com-
modities are a function of projected population growth
and per capita consumption. (The consumption of
various agricultural  products per person has been
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changing with rising incomes. shifting tastes. substitute
products. and lower relative prices.) Per capita con-
sumption by commodity was projected to 1980 and held
constant at that level for the years 2000 and 2020
Industrial use of major farm commodities was main-
tained at a constant per capita level for all time periods.
Thus. domestic consumption requirements tor the later
time periods became a direct function ot ponulation

Net export (foreign exports minus unports) require-
ments were determined by projecting United  States
trade of agricultural commodities to 1980, and holding
this projected level constant through 2000 and 2020

Gross national requirements for hivestock. hvestock
products, food grains. feed grains, tiber crops. and ol
crops shown in table 16 were estimated as the sum of
domestic consuniption, other domestic uses. and net
export requirements. Livestock and livestock product
requirements were translated into feed giain demands
and are included within the crop items in that table. For
purposes of water and related lund resources planning
the crop requirements in table 16 include the teed gran
requirements of the livestock items and summarize total
demands placed upon the Nation's agricultural resources.
exclusive of roughage needs for livestock. Since the
projection system includes an evaluation ot net toreign
trade. this level of agricultural production requirements
becomes. in effect, a projection of production at the
national level. Hence. this level ot

ricultural activin

determines agricultural emplovment and population m

the projected economic base

Missouri Basin Agricultural Product
Requirements

The Missouri Basin’s share of national production
requirements for food grains. teed grains. and livestock
was determmed by a national-interregional analysis ot
historical shares and trends. Each product item was
allocated to the 17 major regions independently. Hence
commodity flows among regions are accounted for by
the historical celationships of production among regions
No attempt was made to balance feed production and
livestock needs bevond trends contamned i the histonical
data.

The projected requirements allocated to the Missouri
Basin are shown in table 17. These data show a generally
tavorable situation for the basin vis-a-vis the Nation
Production requirements tor all major crops increase

faster than the national  requirements. indicating

2¥urther details of the national framework and methodology

are presented i CPreliminary Projections of Economic Act
vity in the Agricultural and Forestry Sectors of the VS0 and
its Water Resource Regrons, 1980, 2000, and 2020.7 tor use
of the Water Resources Council, prepared by ERS and Forest
Service, USDA, August 1967




Table 16 — CURRENT NORMAL PRODUCTION AND PROJECTED AGRICULTURAL REQUIREMENTS,
UNITED STATES
gy g L
Normall Projected Requirements
Commodity Unit Production 1980 2000 i 2020

(Thousand Units) ;

Corn Bu. 3.853.138 5.237.143 6.921.893 9.222.214
Qats Bu. 1.035.815 1.154 438 1.072,938 791.375 !

Barley Bu. 439,720 526.000 536.083 501458

Sorghum Bu. 602,342 942,036 1455679 2.237.143
Wheat Bu 1,199,645 1.889.600 2,192,200 2.618.600 1
Rye Bu. 34,140 40,732 53.893 72518 1
Soybeans Bu. | 679.05¢ 1.350.467 1.640.933 2.116.367 i
Potatoes Cwt. | 276.056 328.876 450.136 627.396 )
Sugar Beets Ton | 19.615 38.092 62.482 96.785 l
Fruits. Noncitrus i Ton | 9461 13,123 18.887 26.995 ']
Vegetables | Cwt | 389432 642. 881.055 128 1435 "
lavseed | Bu | 20924 22 29.161 38.500 |
Beans, Diy Edible } Cwt. | 19194 5 30980 | 41,580 :
| } (Million Units) ‘
Beet and Veal? r ‘ Lb | 31181 47451 66.580 | 93, ‘

Lamb and Mutton= | Lb 1.497 1.700 2,378 3

Pork? Lb 20,737 27.056 37.352 51 |
Chickens?: 3 Lb. 5440 12,158 16.613 22.890 '
Turkeys? Lb 1 666 3.559 4.88% 6.760 |

Milk Lb 124 840 145.089 198.719 274.269

b ggs Fach 62974 75.528 104.065 144,289

ICurrent normal values reflect current production technology and prices from which the impacts of abnormalities caused by \
weather and other hazards inoa single vear were weighted by therr historical occurrence. These values are based on historical data i
Jfor the vears 1939 to 1963 adjusted by a process which progressively weighted each successive year in the historical series :
“Live-weight basis
“Includes broilers

Table 17 - CURRENT NORMAL PRODUCTION AND PROJECTED AGRICULTURAL REQUIREMENTS,
MISSOURI BASIN

R Y B T Dl

I ‘ \(«(l)l:r::.:‘lt' | Projected Requirements

Commodity Unit Production 1980 L 2000 T 2020

‘T ‘ N (Thousand U mlx_)» )
Corn | Bu | 845.782 1.179.679 1.859.179 | 2071321
Ouats | Bu 218.646 263.250 244,750 | 180,438
Burles Bu & 125,061 121917 124.250 116.250
Sorghum ‘ Bu ‘ 184.992 324.250 S01.036 { 770,036
W heat Bu L 430855 635300 737.000 [ 880300
Rye l Bu. ‘ 13.258 16,912 22.379 30,111
Soybeans ‘ Bu. | 86.270 115.077 144.648 \ 186.558
Potatoes ' Cwt | 8.947 6.775 9.273 i 12924
Sugar Beets } Ton | 5,750 10936 17.938 } 27.787
I ruits, Noncitrus | lTon 39 54 7/ 111
Vegetables i Cwt ; 4.030 5.780 7.930 10,954

: I'laxseed | Bu. | 13457 9917 12902 | 17.036

Beans, Dry Fdible [ Cwt. } 3.542 4.334 S.725 T.684

{ i (Million Units)
Beet and Veal IS TR 8.107 , TL383 16.252 ; 22,833
Lamb and Mutton { Lb 478 ‘} 06 ‘ 708 [ a2
Pork Lb. 4.678 5858 | 8.089 , 11.222
Chickens® ; Lb. 208 182 250 [ o
Turk:vs® ‘ Lb 155 3|5 296 409
Milk Ib. 9.780 9910 13.573 18,733
Fags Fach 7.060 6.148 8471 11.745

TCuirent rormal values reflect current production technology and prices, from which the impacts of abnormalities caused by
weather and other hazards in a smgle vear were weighted by their historical occurrence. hese values are based on historical data
for the years 1939 to 1963 adjusted by a process which progressively werghted cach successive vear i the hastorical series. Current
Jormal production is assumed to be approxvimately 10 percent above current reguirements

“Lave voeght basis
Includes brotlers,




Livestock Utilize Much Of The Feed Grain
Within The Basin

relatively larger shares are expected to originate in the

basin in the future. In absolute terms. projected require-
ments for all crops except oats and barley show
substantial increases.

Increases in major livestock and livestock products
requirements in the basin are projected at about the
national rate; only poultry, poultry products. and dairy
products are expected to increase in the basin at
significantly lower-than-national rates. All livestock and
livestock items are projected to increase in absolute
terms.

he changing composition of major product groups is
illustrated in figure 13. This shows that beet and veal
production requirements will increase as a share of the
wtal from 30 o 34 percent. Food grains decline slightly
as a percent of total output requirements while all other
groups remain relatively stable in relation to total
requirements.  Total requirements are projected to

increase nearly two and one-halt times by 2020

Livestock Roughage Requirements

I'he production of roughage is closely linked geo

graphically to hvestock production due to the difficulty
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FIGURE
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CURRENT NORMAL AND PROJECTED CHANGE

IN AGRICULTURAL REQUIREMENTS

BY MAJOR COMMODITY GROUPS
MISSOURI RIVER BASIN

NORMAL PROD ON YEAR

in harvesting pasture and range other than by grazing.
and because of the high transportation cost of bulky
hays and silages. Therefore. it was assumed that all
roughage needed would be produced in the basin and
that all forage produced would be utilized by livestock
within the basin. Projected livestock production was
converted into 7\‘111_‘]].!}_'L' requirenients ?\} use o1 pro-
jected livestock feeding efficiencies and ration composi-
tion as shown in tables 18 and 19. Projected feed grain
requirements for livestock are already mcluded mn the
Hence. in the

regional  projections of feed grains

remainder of this analysis. total demands tor agricultural

Table 18 — PROJECTED FEED CONVERSION RATES
FOR LIVESTOCK AND LIVESTOCK PRODUCTS'
MISSOURI BASIN

[ Year
s -
Item | CN | 1980 2000 I 2026
st | 1 : 5

(Feed Units)

Beet and Veal |

(4] 9 | S0 6.8
Pork 4.3 4.0 14 10
[Lamb and Mutton 13.5 114 9.3 81
Milk 1.3 1.1 1.0 09
Broilers 24 2.1 1.9 1.8
lurkeys 37 | 3.3 3.0 ) ¢
Fggs 34 3.0 2.7 3.4

|
Theed units per pound of live weight produced (or product for
milk and eggs). A feed unitis the feed value of one pound of
corn or its equivalent

SOurce Projections  of  Livestock  Feedin Fificiencies
1980-2000.2020:. Missouri River Basin States.” Great P
Agricultural Council  Publication  No i1 Universit

Nebraska, Lincaoln, Nebraska, Mayv 1968
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Table 19 — PROJECTED RATION COMPOSITION FOR
LIVESTOCK AND LIVESTOCK PRODUCTS',
MISSOURI BASIN

i ~ Year )
Item CN 1 980‘[ 2000 2020
(Percent)
Beef and Veal: 1
Roughage 70 67 65 | 65
Feed Grains I 20 26 31 3l
Supplemental Protein 10 7 4 4
Pork: 1
Roughage iy 7 6 | 6
Feed Grains 83 | 54 86 } 87
Supplemental Protein | 10| 9 8- 7
[ |
Lamb and Mutton: |
Roughage 78 | 74 70 | 69
Feed Grains 20 | 23 27 28
Supplemental Protein 2 3 3 3
Milk ‘
Roughage 69 | 65 62 59
Feed Grains 27 32 35 39
Supplemental Protein 4 i 3 3 2
Broilers |
Feed Grans 65 72 78 80
Supplemental Protein 30 ‘ 25 20 18
Other S i 3 2 | 2
Turkeys !
Feed Grams 70 1 3 74
Supplemental Protein 25 25 24 24
Other 5 4 3 2
Fggs: {
Feed Grains 80 8S 90 90
Supplemental Protein 20 | 1§ 10 10
Other 0 [ sl m

I omposition of ration as corn equivalent feed units. A feed
unit is the value of one pound of corn or its equivalent.

Source Projections of Livestock Feeding  Efficiencies:
1980-2000-2020, Missouri River Basin States,” Great Plains
Agricultural Council Publication No. 31: University of
Nebraska, Lincoln, Nebraska., May 1968

food and fiber production are expressed in terms of tield
crops, roughage. and pasture.

Projected roughage production requirements were
computed to be 123 billion feed units by 1980, 140
billion by 2000, and 164 billion by 2020. The acreage
availuble for the production of permanent pasture.
range, and grazed forest was held essentially constant in
the private sector. An estimated 1.9 billion feed units of
grazing output from Federal grazing land was assumed
to be unchanged for all time periods.

Projected roughage requirements less the projected
roughage production  from native hay. permanent

Crop | Unit
Altalta Hay Fquivalents ( Ton
Corn Silage Fquivalents f Ton
Cropland Pasture Bl

pasture, range. grazed forest. and Federal land equaled

the residual requirement for roughage to be produced by

cropland. This residual was allocated to comn silage.
sorghum silage. sorghum forage. alfalta hay. and other
hay in the same proportions as in the current normal
inventory. The feed unit requirement was then con-
verted to the more commonly used production units

shown in table 20.

PROJECTED LAND BASE

Lands required tor habitation. transportation.
defense. and industrial sites are assumed to be basic to
the well-being and economic existence of people
Generally. the prices necessary to divert such lands from
agricultural uses are not a deterrent to their acguisition
and (when for public use). are acquired through negotia-
tion or the right of eminent domain

About 8 million acres of fand are currently used tor
transportation: urban and built-up areas of more than 10
acres: industrial sites: railroad  vards: airports: golt
courses: institutional and public administration  sites:
highways: public roads: railroads: and 1dle or unused
rural. open. nonagricultural areas. The requirements per
capita vary throughout the basin. This varation is
related to land values. population density. type of
industry. and the amount of open nonagricultural land
Based on projected population. economic structure. and
current densities within urban adreas. estimates were
made of lands required in the future for this purpose.
This estimate indicated that an additional 4.8 million

acres of land will be needed ftor this purpose to

accommodate the projected 12 million population in-
crease by the yvear 2020.

The projected losses to the agricultural land base also
take into account gully erosion damage. needs of the
mineral industry, and the land requirements tor several
major reservoirs funded tor construction but not de-
ducted from the current inventory of agricultural land
The total losses are C\)‘L‘\.l\‘\l to reduce the existing
agricultural land base some 1.392.000 acres by 1980,
3.326.000 acres by 2000. and 6.169.000 acres by 2020
Requirements of the framework plan for expanded
diversions of land for recreation, fish and wildlife. water
developments. or other new uses are not accounted for

in these estimates.

Table 20 - CROPLAND ROUGHAGE PRODUCTION REQUIREMENTS, MISSOURI BASIN

Current l

Normal 1980 | 2000 | 2020
(Thousand Units)
21628 | 24100 ' 27.200 | 37000
25,448 | 29,100 4,000 i 46,000
4414608 S.831.407 6.687.04] 7.042.709



PROJECTED PRODUCTION CAPABILITY

gricultural production requirements may be mel
through various ways and means. Ways and means of
increasing agricultural production are through the acti-
vities  of research. technology, management. cuapital
investment, conservation treatment, tlood and erosion
ontrol, better drainage of agricultural lunds through
group drainage systems, irrigation of new lands. and
rrigation system rehabilitation. The tfollowing sections
set forth the production that might be expected with

only certain specitied activities continuing at present

Specified Activities Continuing

\ generalized model was developed and used to
analyze and project land use and cropping patterns in
Missourt Basin. Production patterns for 1980, 2000.

0 presented nitially in this chapter are based on

vility of the soil and water resources

with « ecitied activities of research. technology.
onservation treatment, and land management con-
tinuing 1t subje the assumptions and limitations

d i the tollowing section. The mathematical process
(hinear progra ing) is a form ot enterprise budgeting.

Ihe linear programming model, asused, is a mathe-

1 tool for determiming land use and cropping
itterns which might result if the identitied soil units
were used in such a way as to meet a specitied level of
st etficiently. In the application of the model.
t t of production and vield per acre are specified

the soil units identtied tor each tuture time

del is used to mathematically compute a
i Crops h) sotl resource groups which

minimize the total cost of achieving a specitied

vel of production within the constraints and assump
wdopted. Principal among the constraints placed
1he odel were: (a) only those crops which
n the current normal cropping pattern on d

within an LRA could be used in a

3 1
rt H 0l

yojected cropping pattern, and (b) shifts from current

ping patterns toward more etticient combinations of

re allowed within recog

ed by rotations. diversitications

74 I I HIp
nstitutional triction md complementarity among
hage produ ! f pasture and range. and
tock enterpr In addition. the amount ot change
between pertods w estricted to rates of change
onsidered h | ihle und supported by actual
histoncal chang
The 1 il \ ire designed to provide a
basic tra VOTk ( il I the timw 1ods, whael
mat ny Ipab ity 0| h wncultura
I 1 1 1 1ed ndi I 1 OMpPparisor |
i

this production level to the regional share ot national

production requirements. A change in assumptions can

;‘wuill\x a ditferent solution, as can alternative develog
ment plans. The solution should be considered only as 4

planning guide. It supplies a unique solution of future

agricultural production based upon the specitications ot
< ! ! !

assumptions outlined earlier
This solution 1s contingent also upon the projections
of land depletion and technology given herein. Only

technology. conservation treat

activites ot research,

h

ment, and land management are assumed to be parts ot

ecting

the projections of technological improvements u

crop and pasture yields and livestock feeding ¢

1t
ciencies, lrrigated land was held constant at 7.4 milhor
acres in all projected solutions. The eftect of any future

nent ot rrngation tlood

public or private develo

control. drainage. and gully control was not considered

in the solution. Other tactors not includ
this projection include grazing of crop aftermath. winter
erazing of small grains. and double cropping

Projections of crop yields for 1980. 2000. and 2020
ent Station Com-

mittees at the vanous land grant universities. Overall

Agricultural Experi

were made i‘}.

t
|
|

Conservation Practices Insure Increased Yields. Fertility.
And Minimum Loss Of Soil And Water




coordination was accomplished by an ad hoc committee
of the Great Plains Council.

These committees studied research now underway.
analyzed  emerging technology, and considered the
effects of alternative levels of fertilizer use. The final
projections considered the enumerated factors as well as
the rate of application of improved production tech-
nology and intensified production practices by farmers.
and assumed the continued application and improve-
ment of soil and water conservation practices.

Representative indices of increase shown in table 21
illustrate the overall magnitudes of production increase
anticipated with these improvements. The yield projec-
tions by soil resource groups are contained in detail in
“Projection of Crop Yields, Land Resource Regions.
1980. 2000, 2020. Missouri River Basin States.” Great
Plains Agricultural Council Publication Number 33.
Nebraska Agricultural Experiment Station. 1969,

Table 21 — INDEX OF PROJECTED CROP YIELDS'
MISSOURI BASIN

Commodity 1980 | 2000 | 2020
(Current Normal = 100)
NONJIRRIGATED CROPLAND: | |
Wheat 128 | 152 176
Rye 128 \ 150 161
Corn, for Grain 138 166 190
Corn. tor Silage 140 170 189
Sorghum. Grain 134 | 160 188
Sorghum, Silage (47 | {70 | 184
Sorghum. Forage 140 164 182
Outs 136 l 167 191
Barley 122 | 143 156
Alfalta Hay 126 | 147 IS8
Other Hay 131 | 153 162
Flaxseed 130 | 150 170
Soybeans 122 | 137 148
Dry Beans (00 | 100 125
Sugar Beets 13 1 158 180
Potatoes 116 | 125 131
Cropland Pasture | 134 “ 153 166
IRRIGATED CROPLAND |
Wheat [ 134 | [62 [ 84
Batley 1 140 | 172 198
Cormn. tor Gramn 145 | 186 218
Corn. for Silage | 120 | 138 152
Sorghum. Grain ‘ 140 | 178 208
Sorghum, Forage “ 131 “ 154 170
Altalfa Hay 230 1 147 167
Other Hay \ 133 | 167 193
Soybeans [ 1200 | 140 157
Dry Beans | 106 [ 112 118
Paotatoes ] 129 150 168
Sugar Beets [o11s | 129 142
Cropland Pasture 130 153 170
Native Hay i 122 133
Range 127 147 162
Pasture 132 | 150 | 167
—_— A

Fine indices illustrate the general magnitude of increase n
projected vields. In this form they are generalized for the
entire hasin, based on the current normal Cropping pattern
Ihey are tappropriate for analysis of vields on particular
soifs i specitic areas

Source. Adapted from “Projections of Crop Yields, I and
Resource Regions, 1980, 2000, and 2020, Missouri River
Basin States™. Great Phains Agricultoral Council Publication
No. 33, Nebraska Agricultural Experiment Station, 1969

The projected cropping patterns and production
levels presented in this section were computed by soil
resource groups within land resource areas in the basin.
The results of the land resource area solutions were
aggregated to subbasins by use of area tactors. Projected
production is summarized in table 22 and the irrigated
and non-irrigated land use with its associated production
is given in table 23. Greater detail of subbasin cropping
patterns by major fand use is included in tables 47
through 535 in the statistical supplement at the end of
the chapter.

1t should be noted that the production shown in table
22 for the years 1980 and 2000 1s at the allocated
requirement level. and is not based on the full utitization
of all land. The ditference between requirements
(demand) and capabilitics is expressed as “reserve idle™
as shown in table 23. Total production in 1980 and
2000 would be the production levels shown plus the
potential production from the 7.5 milfion acres of
reserve idle land m 1980 and 6.7 million such acres in
2000. In 2020. the production levels shown represent
the total production without any land in “reserve idle™
and is below the requirements level given in table 17.

The Missouri Basin currently exports to other areas of
the nation about 30 percent (374 million bushels) of its
feed grain production. The projected production for the
basin implies an crease in feed grains produced in
excess of projected livestock feed requirements in the
basin as shown in table 24, Exports are estimated to be
3% percent or 652 million bushels of the total by 1980,
with an increase to 39 percent or 1.040 million bushels
by 2020. The level of exports in 2020, however. is 253
million bushels below the level indicated in the national
projections. Achievement of the required level of pro-
duction - 2020 would increase exports to approxi-
mately 42 percent of feed grain production. or 1.293
million bushels.

Since such a large portion of feed grain production is
exported, all of the regional livestock requirements (feed
grain and roughage) can easily be met m all time pertods
Hence. all potential sources ot additional output can be
analyzed on the basis of cash crop value without
consideration of the effect on the livestock industry

Livestock Production

Projected livestock production by subbasins is shown
in table 25. Subbasin projections were made by pr
jecting historical shares and trends to 1980 and holding
this relationship constant through 2020, The projections
of cattle and calves were adjusted to msure a complete
harvest of pasture and range. Further adjustments were
made to match the remaining cattle and calves require
ments to grain-producing areas - approximately the
same relationship among subbasins as shown by cattle

feeding data in the 1964 Census of Agriculture




Commodity

Corn

Oats

Barley

Sorghum

Wheat

Rye

Sovbeans

Potatoes

Sugar Beets

Fruit, Noncitrus

Vegetables

Flaxseed

Beans, Dry Edible

Alfalfa Hay
Equivalents

Corn Silage Equivalents

Cropland Pasture

Wild Hay

Pasture, Range. and
Grazed Woodland

Table 22 — PRIVATE CROPLAND AND GRAZING
MISSOURI BASIN

Current
Normal !

845.782
218.646
128,061
184 992
4308

21,628
25448
4414608
5612

56.988.932

1950

1.182.853
263.247

123,183

324.599

637.093

16 911

| 119,573
6.770

10,925

O W
s o
o o ¢

24.080
29,148
5.831.407
6,748

71,788.456

LAND PRODUCTION

Projected Prc sduction?
2000 ]‘

(Thousand Units)

S562.683
245 380
124 .098
501,508 |
736.897
22.380
146.696

9.269
17.920

7.930
12,901

5.723
27.220

34.324
6.687.041

7202

8§1.578. 405

2020

876.003
175.778
114982
720,234
811.824

29.864

5.866

748

5.622

111
10954
17.186

1.778

37.007
46.059
7.042.709

7795

87.152.102

YCurrent normal values reflect current production technology and prices, from which the impacts of abnormalities caused by

weather and other hazards in a single year were weighted by their historical occurrence. These values are based on historical data

for the years 1939 to 1963 adjusted by a process which progressively weighted each successive year in the historical series.
“Land use and development based on conditions as described in the previous section. Production in 1980 and 2000 is at the

allocated requirement level and excludes production from reserve idle land. Production for 2020 is based on full utilization

the land.
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Table 23 — PRIVATE AGRICULTURAL ACREAGE AND PRODUCTION, MISSOURI BASIN
— _—
Prod'n Current Normal 1980 o o 2(}()0___ f_ - 2020
Crop Unit = Acres lProdUction Acres FPwduunun | Aues Produt.uon Acres ] Production
| (1.000 Units)
NONIRRIG. CROPLAND | | \
All Wheat | Bu. 19892 424155 | 22,630 628.624 | 22.246 726864 | 22.179 802.339
Rye Bu, | 721 13,258 650 16911 691 22.380 839 1 29.864
Corn Grain Bu. 13.045 | 682,676 | 12,500 965,553 | 14,145 1,297,320 | 16.226 | [.596.932
Corn Stlage Equiv. Ton 2903 ‘ 18,154 2,655 21,180 l 2.385 27.070 2.786 | 36.673
Sorghum Grain | Bu. | 3674 151140 | 4485 254313| S891| 400925 7101 | 568.095
Ouats | Bu. 6.631 218.646 5753 263.247 4.337 245.380 2939 | 175.778
Barley [ Bu. | 4273 { 97.495 | 3.204 88.660 | 2.296 750551 235 ‘ 79.165
Alfalta Hay Equiv. ‘ Ton | 10,375 16,525 9438 18.261 9.007 20,600 i 365 | 29.065
Flaxseed | Bu. | 1.379 | 13457 1.104 9963 1.034 12901 1.108 | 17.186
Soybeans | Bu. | 3.166 i 85666 | 3.406| 117325 3.713| 145621 4573 | 175412
Dry Beans Cwt. | 6 | 24 s 17 s 15 12 | 64
Potatoes Cwt. 10 | 684 10 656 7 657 51 | 1.367
Sugar Beets Ton 0 2 0 ) 2 35 223 | 4.641
Cropland Pasture F.U. 2646 3960411 2,629'| 5,245.369 2618 | 6002878 2465 | 6.273.820
Others Crops Harv. --- 417 | --- 418 .- 414 - == 350 -
Summer Fallow - 14.583 | --- | 15346 ---| 14905 ---| 14489 | =
Idle Cropland -- 4.830 ; - 4.805 ~-- 4.742 --- 4619 ) --
Reserve Idle - 8.342 --- 7.158 SR 6.653 ) == 0 i -
TOTAL 96.893 \ 96.196 95.09] | 93,629 |
IRRIGATED CROPLAND | |
All Wheat Bu. 204 ‘ 6.700 164 8469 159 10.003 120 9485
Corn Grain Bu. 1918 163,106 1.703 217.300 1,613 265.363 1424 | 279.071
Corn Silage Fquiv. Ton 505 | 7.294 482 7.968 382 7.254 402 9.386
Sorghum Grain Bu. 385 | 33.852 569 70.286 628 100,583 797 152.139
Barley Bu. 690 | 30.566 528 34518 599 48,943 378 35817
Alftalta Hay Equiv. lon 1,937 | 5.103 1,729 5819 1.693 6.620{ 1.701 7.942
Soybeuans Bu. 20 ‘ 604 65 2.248 23 1.075 10 454
Dry Beans Cwt 213 3518 220 4.287 283 S.708 368 7.714
Patatoes Cwt 45 | 8.263 34 6.084 34 8.612 27 11.381
Sugar Beets lon 375 5.748 586 10918 886 17.885 972 20981
Cropland Pasture F.U. 156 454.197 155 S86.038 152 684.163 143 768.889
Other Crops Harv. --- 39 | --- 38 —-- 34 ‘ 24 ---
Idle Cropland o 204 - 204 - 201 | 190 ---
Reserve Idle -- 205 --- 360 --- 49 ‘\ 0 -
TOTAL 6.896 6.837 6.736 I 6553
CROPLAND TOTAL 103,789 103,033 101.827 J‘ 100,182
Wild (Native) Hay Ton 6.548 5612 6532 6.748 |  6.507 7.202| 6489 | 7325
Pasture & Range .U, |146.116 [55.386.609 [145.688 | 69.978.733 | 145.179 | 79.699.262 J 144,355 |85.192.110
GRAZING TOTAL 152,664 52,220 151.686 | 150,844
FOREST TOTAL LA 13,654 1.602.323 | 13493 | 1.809.723( 13350 [.879.143 13,102 1959992
Other Ag. Land 3561 3530 3479 3.371
TOTAL AG. LAND ‘71(»(\8 272276 270,342 267.499

Table 24 -

~Commodity Group

Roughage Consumed ?
Ieed Gram Requirements
Cattle & Calves
Pork
Sheep & Lambs
Milk
Chickens. Fggs & Turkeys
Fotal Feed Gram Consumption
I'eed Grain Production?
Feed Gran Fxport lu(!lhu \reas

MISSOURI BASIN

( urrent
_ Normal

101919

23,258
16.698
1291
31459
3.391
48.094
69.016
20923

LIVESTOCK FEED REQUIREMENTS AND FEED GRAIN PRODUCTION

1980 2000 L 220 @
(\llllmn lcud U nlhb'
123410 139838 158,268
32,264 42800 42232
19.684 24,238 | 29 289
1.326 1,779 J 250
3.550 4,750 355
3.001 3930 878
59 825 77.607 RUGES
96.374 126,542 1 153270
36,5449 [ 48938 | < _;rm

"\ feed unit s the feed value of one pound of corn or its equivalent.

“Includes roughage component of ration for cattle and calves, sheep and lambs, pork,

A48 Zross requirenients,

mdmilk prodoction requirements expressed

“Peed grain production consistent with projected production capability without specificd activities and withont reserve idle Land
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Table 25 — CURRENT NORMAL AND PROJECTED LIVESTOCK AND LIVESTOCK PRODUCTS,
BY SUBBASINS

- e = e
‘urrent {
Subbasin Normal | 1980 1 awe  }  ame

(Million Pounds)

CATTLE AND CALVES

Upper Missouri 486 695 975 | 1.370
Yellowstone | 405 579 813 | 1,142
Western Dakota 770 1.100 1.544 2,169
Eastern Dakota 1.054 ’ 1.506 2. 003 2,968
Platte-Niobrara 1.946 { 2.780 3.900 | S480
Middle Missouri { 1.378 ‘ 1.969 2,763 : 3.882
Kansas | 1.054 1.506 2,113 2.968%
Lower Missouri 1.013 1448 2.031 | 2.854
sedlined —ndad |
Missouri Basin | 8.107 11.583 16,252 22.833
|
HOGS AND PIGS
Upper Missouri 33 35 48 ‘ 67
Yellowstone 23 29 40 | 56
Western Dakota ‘ 79 17 162 224
Eastern Dakota 635 879 1203 | 1.683
Platte-Niobrara 622 785 1.084 1.504
Middle Missouri 1.753 2.255 Y AES 4.321
Kansas 477 498 688 953
Lower Missouri 1.046 1.260 1,739 i 2412
Missouri Basin 1 4.678 5.858 8.089 1 11,222
SHEEP AND LAMBS | }
Upper Missouri ‘ 48 51 71 | 99
Yellowstone ‘ 74 76 106 149
Western Dakota 68 71 99 139
Eastern Dakota ; 80 81 13 159
Platte-Niobrara [ 103 ‘ 114 : 161 ‘ 225
Middle Missourt | 45 47 66 | 92
Kansas | 18 20 28 40
Lower Missouri | 42 | 46 64 ‘ 89
Missouri Basin 1 478 S06 708 \ 992
, TURKEYS " } “
Upper Missouri ‘ 1 i 1 1 2
Yellowstone | 1 1 1 2
Western Dakota ; 2 ' 2 3 4
Eastern Dakota | 20 28 38 | 53
Platte-Niobrara [ 26 36 50 69
Middle Missouri 28 39 sS4 74
Kansas | 9 13 18 25
Lower Missouri ' 68 95 131 ‘ 180
Missouri Basin } 155 ! 215 296 409
MILK z ‘;
Upper Missouri J 255 258 353 487
Yellowstone ‘ 128 ‘ 129 177 ‘ 244
Western Dakota | 167 i 169 231 319
Eastern Dakota | 1.175 | 1.189 1.629 [ 2.248
Platte-Niobrara 1,527 ‘ 1.546 2.117 ‘ 2.922
Middle Missoun 1,791 1.823 2497 | 3446
Kansas | 1.077 ' 1.090 1493 2.061
Lower Missouri | 3.660 ’ 3.706 5.076 7.006
Missouri Basin 1 9.780 7 9.910 13.573 18.733
CHICKENS ‘ '
Upper Missouri [ 2 7 2 3
Yellowstone ‘ 2 ‘ 2 d 3
Western Dakota } 2 ) 2 3
Fastern Dakota ‘ 21 . 18 25 35
Platte-Niobrara ( 19 17 23 31
Middle Missouri | 41 35 49 67
Kansas \ 20 18 25 35
Lower Missouri 101 88 ‘ 122 169
Missouri Basin 208 182 | 250 346
- '
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dble 25 (Continued)

|

Current |
Subbasin Normal 1980 i 2000 2020
(Million Fggs)

FGGS SOLD ,

Upper Missouri 64 55 | 76 | (¢

P b .

Yellowstone 56 49 1 68 )3

Western Dakota 2 ‘ 11 | 152 ;‘

Fastern Dakota 1,553 1414 [ 1.94%8 2.761

Platte-Niobrara 565 | 984 ‘ 1.355 | 879

Middle Missourn 2,683 \ 1.844 [ 2542 524

Kinsas 988 830 1.144 | SNE

Lower Missouri 1.024 86l i 1.186 | 644

Missourt Basin 7.060 6.148 | 847 11.745
——— ———— — — = ———— =

The projections of feed and livestock show that the Table 27 shows that the projected capabili
demands for cattle and calves increase  taster than only specitied activities H“_|'1l|u1 md with tl 1
projected ]‘l‘t)dll\'llt\ll from a constant acreage ot pasture contingency, will closely muatch requiren 8 =
and range. Historical trends in cattle feeding are con- and 2000. After 2000, crop production would need
sistent with this projected trend. Hence. a constant be expanded by approximately 3 to 10 percent 1 !
acreage of pasture and range will supply a declining 2020 requirements consistent with national objective

portion of total feed for cattle and calves in the basin

about si

table

as wn by projected ration compositions in
9. Feed grains as a source of total cattle feed are
projected to increase from a current 20 percent to 31
percent by 2020.

feedlots is expected.

A proportionate increase in cattle n

Comparison of Production Requirements to
Production Capability With Specified
Activities

The basin’s agricultural production requirements and
projected capability of the agricultural resources with
specified activities of research. technology. management
and technical assistance

land treatment

continuing

conservation.,
1950, 2000,
26 in terms of bushels of corn equivalent. Based on

a and 2020 are compared
table
the assumptions used. an index of output was computed
by using current normal prices as a common denomi-
nator. The production index of capability with specified
activities included was computed from the solution

previously described. It is based on projected production

in table 22 plus the capability of reserve idle land shown
in table 23. This projected level of agricultural capability

was further reduced by a contingency of 5 percent in

recogmuon ot the serious effect of varwtions i food

production below the level required.

Table 26 — PROJECTED AGRICULTURAL
PRODUCTION MISSOUR| BASIN

Current | 1980 | 2000 Izozn
(Million Bu. Corn Equiv.)

I‘r Jdm tion I eature

Regronal Share of
National Requirements
Research, Technology. Manage
ment, Land Treatment
Consevation, and Ted
Assistance

3872 47" S5.853 |7.395

|
hnical

I
|
|
l

[1_3“; 1.078 lu 32

Table 27 — INDEX OF CROPLAND OUTPUT LEVELS
UNDER ASSUMED CONDITIONS

MISSOURI BASIN

) Year
Category CN | 1980 | 2000 2020
(Index)
Projected Production [
Requirements 100 | 134 164 207
Projected Production
Capability With | f
Specified Activities 107 142 172 196
Ratio: Capability to
Requirements 1.07 J 1.06 | 1.03 ‘1 (9%

Agriculture in the Missourt Basin is 4 dommant
economic activity, as well as an important source of
related employment i the supply. service. and pro

I'he
contaimns

Cessing  sectors. economie structure as pu‘\lnll\L\

described certain - consistent  relationships

between agricultural production. employment. and total
basin activity.

The projected level of employment. population. and

income in agriculture and the projected production
requirements are component parts of the economic
projections in the Economic Analysis and Projections
Appendix. In other words. the impact of agricultural
production at the projected requirement level the
supply. service. and trade sectors s mcluded in the
economic base projections of the total economy. If the

agricultural economy should produce at levels other than
the requirement level of production. this activity would
likely produce levels of agricultural emplovment ditfer
ent than those in the economic projections. This would
produce a corresponding adjustment in the related trade
sectors

10
L

|

under these two conditions (projected requirements and

The next section will translate projec production

a7
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projected capabilities) into a set of parameters which
will form an economic framework consistent with these
two levels of output. To facilitate presentation. eco-
nomic indicators for the agricultural sector are presented
in the following sections for the two conditions of
output previously described. These levels will be referred
to as “Conditions A and/or B in the remaining analysis
and are defined as follows.
Condition A - Projected requirements consistent with
the national objective as given in detail in table 27.
Condition B — Projected production capability with
only specified activities of research. technology.
conservation treatment, and land management as-
sumed to continue, as discussed previously. This
level is consistent with the projected output sum-
marized in table 23 plus the capability of the re-
serve idle land, reduced by a S percent contingency.
and subject to other assumptions and hmitations
of the basic analytical solution previously des-
cribed. Livestock production at the requirement
level (Condition A) is assumed constant tor all
output levels and conditions.

Projected Employment Levels

The employment projections in  the  Economic
Analysis and Projections Appendix are consistent with
the projected agricultural requirements (Condition A).
Total agricultural employment in the Missouri River
Basin was allocated to subbasins on the basis ot
historical production shares applied to projected basin
totals prior to the analysis of the projected resource
capabilities and refative efficiencies umong the subbastns

This analysis has shown that projected agricultural
capability with specified activities continuing will difter
from projected requirements. Further. the analysis pro-
vides a means to improve the allocation ot agricultural
production and employment to subbasins. The projec

tions of employment by subbasin shown in 1able 28
under Condition B are consistent with the projected
production capabilities with only specified actvities

continuing.
Rural Farm Population

It a constant relationship is assumed between the
projecied level of agricultural employment and projected
rural population, then the rural population would
substantially equal that originally projected tor 1980
and 2000. However, with only specified activities con-
tinuing the rural population estimate is reduced below
the base projection by approximately 80.000 people mn

2020 (see table 29).

Gross Farm Income

Gross farm income in the Missouri Basin is projected
to increase nearly three times by 2020. or slightly
greater than the Nuation. However. gross turm income
under Condition B would be reduced below the pro-
jected level by 633 million dollars m 2020 lacking
resource  development to expand production to the
requirement level. as illustrated in table 30.

The results of this physical comparison of projected
requirements and projected capability indicate the need
for development of the basin’s resources to meet the
regional allocation of national demand. The results.
however, are contingent upon the specific assumptions
previously listed and a unigue level of mncreased output
in the agricultural sector in future time periods. The
analysis provides an evaluation base tor consideration of
the effect of future development of agncultural re-
sources. by both public and private means. Such things
as private irngation development. land drainage. and
conversion of major land uses (cropland. pasture and
range. and forest) will continue in the private sector even

Table 28 — CURRENT AND PROJECTED AGRICULTURAL EMPLOYMENT UNDER

TWO ASSUMED PRODUCTION CONDITIONS, BY SUBBASINS

{ P et A Year and Condition
1960 1980 2000 2020
L AP S S s S - . A
Suhbasin A B \ B Al B
(Thousand Employces)

Upper Missouri 23.3 13.1 13.5 11.0 112 K6 86
Yellowstone 17.9 114 11.9 9.0 | 91 7.6 7.1
Western Dakota 32,1 188 19.2 149 15.7 | i2.3 ‘ 11.8
Fastern Dakota 80.4 538 S6.1 43.0 488 i 39 .6 9.0
Platte-Niobrara 934 561 579 47.0 47.7 | 453 421
Middle Missour 92.9 62.2 649 S20 26 ? 16 .6 44.7
Kansas 74.1 524 541 43.2 | 44.2 | 423 18 3
Lower Missouri 98.1 68.2 | 75.1 | 51.9 ‘ £5.3 | 169 449
Missourt Basin 512.2 336.0 3§2.7 . 372.0 l 281.6 249.0 | 236 .5

ISubbasin emplovment at the allocated production requirement level as projected i the Feonomic Analvsis and Projections

Appendix
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Table 29 ~ HISTORICAL AND PROJECTED RURAL FARM POPULATION
TWO ASSUMED PRODUCTION CO

UNDER

NDITIONS, BY SUBBASINS

Year and Condition
1960 ‘ 1980 | 2000 T 2020
Subbasin 1 2 | & 1 & [ B l Al | 8

(Thousand People)
Upper Missourt 56.4 | 30.6 309 25.7 260 I (9.9 [ 183
Yellowstone 48.2 | 328 331 25.8 26.1 216 | 188
Western Dakota 86.7 | 46.1 46 .6 36.6 37.0 294 26 4
Fastern Dakota 2294 | 140.2 | 141.5 111.8 1134 102.0 933
Platte-Niobrara ‘ 241 .4 1432 | 144.7 1199 121.3 114.6 98.5
Middle Missouri [ 280.1 186.6 | 188.5 155.8 157.6 138.5 123.0
Kansas | 204 4 1385 | 1399 114.0 1153 1106 92.8
Lower Missouri 3326 2349 2373 178.5 1806 1600 1419
Missouri Basin 14719 9529 | 9625 768.1 L 770.0 'L 696 6 1 6139

'Subbasin
Appendix.

population

Table 30 — HISTORICAL AND PROJECTED

at the allocated production requirement level as projected in the Feonomic Analysis and Projectons

GROSS FARM INCOME UNDER TWO ASSUMED

PRODUCTION CONDITIONS, BY SUBBASINS
Year and Condition e - S i B
1960 1980 2000 jL 2020 B
Subbasin A B A I
5 ISR § R L W TS R S B
(Million Doflars)

Upper Missouri 314 411 423 541 553 . | 669 648
Yellowstone 172 258 270 35% 362 | 494 451
Western Dakota 279 427 435 573 605 | 799 | 747
Fastern Dakota 655 1152 £ 199 1.503 1.596 1922 | 2,057
Platte-Niobrara 1.057 1.522 1.563 2.03 2.063 3.060 | 2.761
Middle Missouri 1.196 1.691 1.760 2.304 2.330 3.376 | 2944
Kansas 790 1.377 1.420 1.828 1.867 2183 | 2240
Lower Missourt 836 1.216 1.328 1.676 1776, | 2,238 ‘ 2.226
Missourt Basin 5.300 8.054 8.39% 10816 11152 : 14.741 | 14.088

le
Subbasin gross farm income at the allocated production requirement level as projected in the Feonomic Analysis and Projections

Appendin.

though they are not evaluated in this basic analysis. Such

shortcomings do  not invalidate the analysis as an
analytical base. however. but merely affirm the need for
continuing and careful reassessment as new ntormation

becomes available.

CURRENT AND FUTURE PROBLEMS

Problems pertaining to water and related land re-
source development may be defined as those physical
and environmental hazards and constraints that prevent
the economic utilization and preservation of the basin’s
natural resources at an optimum level. These problems
have stemuned largely from pressure on the resources (o
provide short-run icome witl out full recognition of the
necessity tor long-range mammtenance of the capabihty of
the resources and environment

Farly settlement of the basm was accomplished by
fur traders and trappers who utilized the products of the
land in its natural state and settlers who found the area o
place to cross. The earliest agricultural endeavor was the

settlement by cattiemen. Agricultural settlement faltered

at the 9Sth Meridian until the Homestead Act and the

railroads opened the vast midsection of the basin tor
settlement.

The settlers of this basin brought two centuries ot
experience in settlement techniques that were adapted
to the humid regions of the east. They did not. at first.

recognize the imperceptible change in the physical
environment. Promotion to dispose of public domain.
railroad land. and state educational lands: technologies
such as the windmill, steel plow, and barbed wire:
unusually wet years from the mid 1870°s to 1886 plus
the ever-present optimism of the times created humid-

arey institutions and farming practices in the basn

During this period. the soil and water resources
seemed unlimited. Land. particularly. was nearly o “free
good™ to be used to meet the economic pressure of
short-term demands created by the necessity to establish
a viable society m the plains. Wildhife. also. gave way to
farmers and ranchers who could increase their income by
the culture of domestic cattle and farming

By the ot the he end of the

“unhinuted ™ resource was in sight. and expanded output

turn century, 1
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could be achieved only through intensitied use. Inter-
mittently favorable weather and near-disastrous drought
continued to encourage development beyond the long-

term capabilities of the resources and to create economic
pressure on their use. Many times. short-term necessities
were met. with full recognition that future generations
could not receive their full resource heritage. Too little
concern was shown for the long-range depreciation of
natural beauty. wildlife, land and water quality. and
other natural values. An awareness of these dangers
started with Gifford Pinchot’s efforts in the establish-
ment of forest and park reserves and the Reclumation
Act of 1902 which recognized the value of water. It
remained for the drought and “dust bowl™ ot the
1930°s. however. to bring widespread public attention to
the plight of the land resources in the area.

By this time, the problems of the basin were cleurly
distinguishable. and many of them remain today. Land-
owrniers have become concerned about highly damaging
practices in the use of land and water. thus adopting an
efficiency concept to maintain and increase the produc-
tion of the land. Floodwater damage alleviation and
drainage of agricultural lands with excess water have
been accomplished extensively. The value of water as a
supplement to natural rainfall has been recognized and
7.4 million acres of land are currently irrigated. Rapid
strides in “dry farming methods.™ adapted crops. and
environmentally oriented management practices have

contributed greatly toward a “regeneration”™ of the

basin.

Progress has not been easy. Restoration of land
damages has been slow. Investments in long-range
preservation must compete for limited capital. thus
making difficult individual choices between functional
alternatives  and  between  short-run  versus fong-run
income. Other problems of non-use. or less than tull use.
are often a result of capital scarcity. Again the problem
may be of a size beyond the solution of an individual.
Such problems were necessarily deterred until mech-
anisms of collective investments were devised, and the
necessary capital was availeble. Other potentials wait for
the current pricing system to find a means to measure
and weigh intrinsic values of social benefits and relate
the cost of creating and preserving such values to the
beneficiary.

In addition to the soil, water. and physical problems
(but not separate from them)are the social and environ-
mental difficulties created by the low-density popula-
tions. unstable production and incomes. and high-cost
space problems in the majority of the Missouri Basin
which depends upon agriculture for its principal support.
The purpose of this section is to summarize some of the
social and environmental questions of the basin and the
physical problems and potentials which underlic them
and represent a means of partial improvement.

50

Social and Environmental Problems

The Missouri Basin is. by Burcau ot the Census
criteria. urban m  nature with 38 percent ot the
population currently residing in urban areas. It is
important to note. however. that 65 percent of these
urban people live i only 11 cities. As a consequence.
the basin generally has a very low density of population.

Technology has mcreased the ratio of land-to-labor
required to maintain adequate tamily mcomes. This low
density of agricultural and agriculturally related popula-
tion in the basin is thus well adapted to maintain an
efficient agricultural structure for the optimum utiliza-
tion of the resources. In contrast. the low density of
population means that social services are either in-
adequate or very costly per capita to institute o
maintain. Hence. the spaciousness. sometimes valued so
highly. and the agricultural adjustments necessary 1o
efficiently adapt to the chmate and physical resources.
have a high social and economic price. Many other
regions have muted the effects of agricultural adjust-
ments by developing alternative industrial employment.
and this has resulted in the maintenance of population
density. The rate of industrialization in the Missouri
Basin. however. has failed to keep pace. and out-
migration from rural areas and the basin has resulted.
Consequently, government. schools. trades. social
services, and medical taciities and other amenities are
forced to serve larger and larger areas in order to
maintain efficiency. In many areas of the basin. agricul-
ture as the only basic activity can no longer maintain
viable local economies within desirable travel ranges.

The dominant feature of the climate in the basin is
the fluctuation of rainfall in an unpredictable manner
around an average which is less than desirable in most
parts of the basin for full ¢rop production. While
variability is a marked characteristic of the chimate. it
may be that the area of the variation is just as critical.
The variations in rainfall seem to be around a level
critical to the needs of crops which farmers try to
produce. Possibly. the excellent conditions experienced
in the favorable years and the contrast of sharply
reduced yields and periodic fuilures are greater m the
Missouri Basin than anyvwhere in the Nation. Due to the
increasing relative importance of cash costs as a percent
of total operating costs, farmers are becoming more and
more vulnerable to the uncertainties of weather and its
consequences.

In periods of above-average effective precipitation.
crops most susceptible to uncertainties of low raintall
frequently turn out to he most profitable. The prevailing
optimism creates adjustments in cropping patterns each
succeeding year of favorable conditions until a season of
fower-than-normal rainfall takes an increased toll ot
an over-optimistic and unprepared agriculture. Con

verselv, after a series of drought vears. many ot the




opportunities of a favorable year are foregone by anxious
planning for another drought. To date, it is not possible
to predict accurately what weather conditions will
prevail in the year or months ahead.

While unable to control the natural climatic forces of
flood and drought that affect agricultural operations, the
farmer has alleviated the situation through the stabilizing
effects of land and water resource development and
management. On the one hand he has recognized the
need and has sought flood and erosion control. and the
benefits of better land drainage to rid himself of excess
water. On the other, he has attempted to combat the
effects of drought through the careful use and manage-
ment of land and the available soil moisture. Significant
improvements have been made through conservation
practices, management strategies, cultural practices, and
the use of drought-resistant plants to conserve soils and
natural moisture. Another effective means of combatting
the effects of uncertain and inadequate moisture on
agricultural planning and production is the artificial
application of supplemental water to the crops. Both
surface and ground waters are utilized for this purpose.
Irrigation development in the basin in the early 1960’
totaled 7.4 million acres and is increasing at an average
rate of 200,000 acres per year.

A wide difference in annual productivity and
variability _exists between irrigated and nonirrigated
crops, in sore areas of the basin, as illustrated by the
available historical data. Data from three of the states
with substantial amounts of existing irrigation (South
Dakota, Montana, and Nebraska) are used to present the
comparison on a statewide basis. In addition. Hamilton,
York. Clay, and Fillmore counties in eastern Nebraska
are selected to contrast a highly developed irrigated area
located in a relatively favorable but quite variable
rainfall belt. Corn was used as a representative crop in all
areas but Montana, where barley was more typical. The
results of this comparison are shown in figure 14. The
graphic data in figure 14 show the range of annual
varigbility that can be expected in crop yields in these
areas under nonirrigated and irrigated agriculture as an
arithmetic variance of the means.

Irrigated corn yields in the state of Nebraska varied
from 59 bushels per acre in 1955 to 105 bushels per acre
in 1966. The computed annual variability index ranged
from 73 percent to 130 percent. During the same period.,
nonirrigated corn vields in Nebraska ranged from 11
bushels per acre in 1955 to 65 bushels per acre in 19606
The nonirrigated corn annual vanability index ranged
from 27 percent to 160 percent. representing a 76
percent greater variability than that of irngated corn
Over the 12-year period analyzed. an average mncrease ot
about 35 bushels per acre was harvested for the trngated

corn over that not irrigated

Irrigated corn yields in South Dakota vanied from
58 bushels in 1958 to 84 bushels in 1966, with a
computed annual variability index ranging from &5 to
122 percent. Thus such yields varied 26 bushels over
the 10-year period and averaged 69 bushels. During the
same period, nonirrigated corn yields averaged 36
bushels and ranged from 19 bushels in 1959 to 48
bushels in 1963. The corresponding annual variability
index ranged from 34 to 137 percent.

In Montana, irrigated yields of barley averaged 43
bushels and ranged from 36 bushels in 1960 to 53
bushels in 1966, showing a variability index of 84 to
123 percent. Nonirrigated barley yields averaged 29
bushels, ranging from a low of 16 bushels in 1961 to a
high of 38 bushels in 1965, with an annual variability
index ranging from 55 percent in 1961 to 131 percent
in 1965.

An average of the corn yields for Hamilton. York.
Clay, and Fillmore counties. Nebraska. displayed
similar results. [rrigated corn yields for this four-
county area varied from 63 bushels per acre in 1955 to
i1t bushels per acre in 1966, averaging over the
12-year period 81 bushels per irrigated acre. Over the
same time period nonirrigated corn yields varied from
5 bushels per acre in 1956 to 56 bushels per acre in
1966, and averaged 33 bushels per acre. The derived
variability index range was 78 percent to 137 percent
on the irrigated and 15 to 170 percent on the non-
irrigated corn. These figures indicate an increase in
variability on nonirrigated corn for the four counties
considered of 94 percent over that of irrigated corn in
the area over the same 12-year period.

Examination of the current normal crop production
in table 23 shows the potential for diversification of
crops produced under irrigation. [t may be noted that
practically all of the dry edible beans. potatoes, and
sugar beets are produced on imrigated cropland.
Significant also is the irrigated production ot roughage
and feed grains in the arid subbasins that is a mainstay
for a stabilized livestock industry in those areas.

Maintenance of the Land Resource Base

Maintenance and improvement of the 325 million
acres of basin lands will require establishment and
maintenance of land conservation measures on those
lands not now adequately protected. Only with a stable
Jand base can land owners and operators be expected to
undertake the necessary investments of time. energy.
and money to develop the high levels of productivity
and efficient use that are necessary to satisfy tuture
requirements. Measures that protect the land from the
natural torces of water, wind. fire, and climate, affect
land use and productivity, vield and quality of water,

Sl




FIGURE 14
YIELD VARIATIONS IN SELECTED AREAS

FOR NON-IRRIGATED AND IRRIGATED CROPS

LEGEND

PERCENT 15 ANNUAL DEV /AT OW
FROM AVERAGE TIELD
Coetficient of Var ation

WO KRR IGATED

recreation uses, wildlite habitat. and environmental
considerations generally. Measures specifically designed
to control wind and water erosion also contribute to the
reduction of flood hazards. improve water disposal in
areas where needed. and generally enhance environ-
mental. recreational, and fish and wildlite values. The
extent of general maintenance or improvement measures
needed 1s shown for individual major land uses by
non-Federal and Federal ownerships in table 31 and by
subbasins in the Land Resources Availability Appendix
[t 1s estimated that about 36 percent of the 97
million acres of non-irrigated cropland 15 adequately

§9

treated at the present time and about 30 percent needs
only the installation of management measures to be
considered adequately treated. Many of these practices.
such as stubble mulching and strip cropping, can be
installed with minimum expense. About 33 percent of
the non-irnigated  cropland  requires  vegetative and
mechanical measures such as the construction of terraces
and waterways to reduce crosion and soil loss. With
existing programs it is expected that the proportion ot
land adequately treated will increase to about 48 percent
by 1980, to 63 percent by 2000, and to 77 percent by
2020




Table 31 — CURRENT AND PROJECTED LAND CONSERVATION TREATMENT AND NEEDS
MISSOURI BASIN
} 3 Land Needing Treatment
Total 'l Proper Proper Management
Adequately Management | & Vegetative and or
Time Period Total Treated! Practices Only | Mechanical Practices
Acres Acres Percent Acres Percent [ Acres Percent
(000) (000) (000) | (000)
NON-FEDERAL (
Cropland Nonirngated ‘
Current 96.893 35.299 36 30,027 33 33
1980 96,196 46.086 48 23.983 25 27
2000 95.091 60.272 63 16.2581 17 ‘ 20
2020 93.629 ‘. 71.730 7 ¥ 4 9576 10 | 13
Cropland Irngated ‘
Current 6.896 2.603 3% 1.633 24 2.660 38
1980 6.837 3430 50 1255 18 2,152 32
2000 6.736 4472 67 819 12 1.445 21
2020 6.553 5.294 81 445 7 Sl 12
Pasture & Range
Current 152.664 62,136 41 65.496 43 25032 16
1986) 152330, | 78237 51 53.595 S 20388 14
2000 151686 | 100231 66 35.859 24 15.596 10
2020 150.844 ' 117.601 78 21.706 14 11.537 8
Forest & Woodland |
Current 13.654 i 6.879 S0 5.356 39 ‘ 1419 11
1980 13493 | 7.535 s6 4.724 35 ; 1.234 9
2000 13.350 | 8.296 62 | 4.041 50 | 1.013 8
2020 13.102 ‘ 8.041 68 3.343 26 | 818 6
Other (Agric. & Nonagric.) ' | ‘
Current 1600 | 9.653 83 885 8 | 1.062 9
1980 2591 | 0883 86 791 G - 947 §
2000 14474 " 12.891 89 675 5 908 G
2020 17200 | 15748 92 598 3| 863 5
Total Non-Federal Land l |
Current [ 281,707 ‘ 116,570 41 103.397 37 61.740 22
1980 281337 ; 146.141 52 84348 30 50.84% 18
R 281,337 { 186.162 66 57.675 31 37.500 13
2020 281,337 [ 219314 78 35.671 13 26.352 9
FEDERAL
Pasture & Range |
Current 24,170 13.787 57 | 6.781 28 3.602 15
1980 24170 15488 64 ! 5.870 24 1852 12
2000 24170 20.070 83 2.294 9 1.806 N
2020 24,170 23,178 96 [ S13 2 479 2
Forest & Woodland ‘
Current 14432 11577 S0 | 1.729 12 1.126 b
1980 14,432 11.932 83 \ 1.382 10 1118 7
2000 14432 12.824 89 | 976 7 632 1
2020 14432 13.360 93 749 5 123 2
Other (Agric. & Nonagric.)
Current 4.380 3939 90 174 4 267 6
1980 4380 3.995 a1 134 } 151 &
2000 4,380 4.141 95 | 77 2 162 } |
2020 4.380 4.226 96 | 19 | 135 3
Total Federal
Current 29,303 68 S.684 Rl 4 998 12
1980 31.375 73 | 7.386 17 4.221 10
2000 37.038 86 | 3.347 S8 | 2.600 t
2020 40.764 95 1.281 3 937 2
— e e = - - = |

I' and Adeguately Managed Or Treated mcludes all land on which the use, management and treatment meets the minimum
stundards of the conservation programs of the SCUS, Soil Conservation Districts, the Indian Service. or of the tederal Land

Management Agency concerned. Tt mncludes all ty pes of management, vege tation, and mechamical practices
B #




About 38 percent of the 6.9 million acres of irrigated
crop land is presently considered to be adequately
treated. About 24 percent needs management measures
such as the proper application of irrigation water. crop
residue management. proper cropping systems. and
maintenance of fertility: and about 38 percent needs
mechanical measures, such as land leveling and smooth-
ing, the installation of drainage ditches or tile, and the
improvement of on-farm irrigation systems in addition
to management measures. It is expected that with
present programs the proportion of irrigated cropland
adequately treated will increase to about S0 percent by
1980, to 67 percent by 2000, and to 81 percent by
2020.

Of the 177 milhon acres of pasture and range in the
Missouri Basin, about 133 million acres are in non-
Federal ownership, and 24 million acres are federally
owned. About 41 and 57 percent respectively of these
acreages are presently considered to be adequately
treated.  About 65 million approximately
43 percent, of the non-Federal and 28 percent of the

acres, or

Federal pasture and rangeland needs only the application
of proper management practices, such as proper grazing,
to maintain the grass in good condition. About 16 and
15 percent of the non-Federal and Federal pasture and
rangeland needs improved management-type practices
along with vegetative or mechanical practices. The
pasture and rangefand adequately treated is expected ta
increase to about S1 and 64 percent by 1980, to 66 and
83 percent by 2000, and to 78 and 96 percent by 2020
for the non-Federal and Federal pasture and rangelands.

There are about 28.1 million acres of torest and
woodland in the Missouri Basin with 13.6 million acres
in non-Federal and 144 million acres in Federal owner-
ship. It is estimated that 50 percent of the non-Federal
owned and 80 percent of the federally owned forest and
woodland are adequately managed or treated at the
present time. These figures are expected to increase, for

Table 32
Upper Yellow Western
_ ltem Missouri stone Dakota
CROPLAND
Total 110.7 109.8 855
Not Feasibie 8.3 0.3 32.9
Adequate 101.1 109.5 Dot
Potential 0 0.3
PASTURI & RANGI
Total 742.0 279.5 7518
Not Feasible 429.5 247.8 6148
Potential 312.5 3.7 1367
FOREST & WOODEAND
Total 6.8 45.1 542
Not | easible 20.2 199 424
Potential 6.6 5.2 11.8
OTHER 54 6.7 2.6
TOTAL AREA s849 | 4410|893
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non-Federal and Federal lands respectively. to 56 and 83
percent in 1980, to 62 and 89 percent in 2000, and to
68 and 93 percent in 2020.

There are about 16 million acres classitied as “Other
Land™ in the basin. Of this amount. about 11.6 million
acres are in non-Federal ownership. including 3.6 million
acres in agricultural uses such as farmsteads and farm
roads, wildlife areas on farms and ranches. and idle land.
The balance of the non-Federal lands in this grouping
is in such uses as urban areas. city and state parks. high-
ways and roads. and rural non-agricultural uses. The 4.4
million acres of Federal land are in parks. wilderness
areas, wildlife refuges, and recreation areas around
federally constructed impoundments. The conservation
treatment status of these non-Federal and Federal lands
is 83 and 90 percent adequately treated. eight and four
percent require management-type measures, and nine
and six percent mechanical
measures. respectively. It is expected that the adequate

require vegetative and
treatment of the non-Federal and Federal lands in this
classification will increase to 86 percent and 91 percent
by 1980, to 89 and 95 percent by 2000. and to 92 and

96 percent by 2020, respectively.

Agricultural Drainage

There are approximately 15 million acres of agnenl-
tural land in the Missouri Basin which have been or are
subject to an excess moisture problem (table 32). This is
exclusive of the 717,000 acres of drainage shown as part
of the irngation system rehabilitation potential discussed
in another section of this appendix

Slow or impaired disposal of excess water from the
surtace or subsurface of land seriously reduces the tull
utilization of the land for agricultural purposes. Damages
from excess water may vary irom intrequent flooding in
the spring and fall which disrupts timely preparation,

CURRENT STATUS OF AGRICULTURAL DRAINAGE, BY SUBBASINS

Fastern ] Platte-

Middle ‘ Lower | Missoun

Dakota | Niobrara | Missouri | Kansas Missouri | Basin

(Thousand Acres)

1.594 3 J08.0 | 1.8384 l H65 9 069 3 7.1819
3264 S04 614 101.0 33.6 644.3
741.5 464 % 1.3259 442.1 1.391.6 46288
326.4 162.8 4511 | 1228 | 6441 | 19088

|

1.769.8 14936 } si13 406 6 661 .6 6.616.3

1.359.3 9338 | 156 4 2554 | 6.1 40231
410.5 559.8 | 355.3 1512 635.5 25932

. [
f \ ‘
26.2 235.3 | 1097 24 E 5239 | 1.238.5
149 2123 i\_‘] 1880 603 633.2
11.3 23.0 | 515 32.3 463 .6 608 3
293 29 .6 76 .0 ‘ il6 9] 4 2746
14196 [ 24665 25358 13234 3,346 153113
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Wind and Water Erosion Depreciates the Land Resources

Tite Drains Improve Poor Subsurtace Dratnage




planting, and harvesting operations. to nearly per-
manent “wetness” which restricts the use to native
vegetation.

Drainage problems may be caused by surface water,
subsurface water. or both. Surface drainage trouble can
occur on flat uneven land with undeveloped or poor
outlet channels for the disposal of excess rainfall.
snowmelt, runoff from higher ground. or overtflow from
streams. Bad subsurface drainage conditions can occur
on sloping lands due to soil permeability. on level lands
with poor surface disposal. and in cases of high
ground-water tables.

On-farm drainage structures are ol two types
surface and subsurface. Drainage measures for the
disposal of excess surface water include land forming to
eliminate pockets, and lateral ditches at regularly spaced
intervals with increased land elevations between. Tile
drains are the most common form of subsurface
drainage.

Of the 15.3 million acres of agricultural land with an
inherent drainage problem, 4.6 million acres now are
adequately drained. Of the remaining 10.7 million acres,
5.1 million acres are considered potentiully suitable to
drain for agricultural purposes. while the remaining 5.6
million acres are not considered to be potentially
suitable for such improvement.

The 5.1 million acres of agricultural land suitable to
drain represent a potential to reduce risk and insta-
bility. to increase production. and to increase the
efficiency of use. Of this total. 1.9 million acres are
currently being used for crop production. The lind is all
in land capability classes [I through IV, meaning that the
wetness hazard varies from slight to severe i terms of
frequency. None of these lands has any significant
amount of water on the surface of the soil except during
short periods. The major problem is slowness of disposal
which results in prolonged periods during which the soii
is too wet for regular farming operations.

The 2.6 million acres of pasture and range considered
suitable for drainage is all in land capability classes [l
and 1. This land is suitable for crop production in its
present state but has not been converted to crop
production because of the water hazard, recent restraints
on increases in cropland per unit. and the need for small
amounts ol pasture on most tarm units I'c;:;udlc\\nl the
capability of the available land.

Fhe remaining agricultural land considered suitable
for drainage is 0.6 million acres of forest and woodland.
This is all in land capability classes 1T and 11 Tt is not
significantly different from pasture except that 1t has a
light cover of trees.

The remaining 5.6 million acres of fand with a
drainage problem suffers from  higher frequency  of
damage. is wet over longer periods, and would require
measures ol

more exrensive H))Pll‘\k‘lll\'lll | .IH(‘

capability classes V- through VI are ncluded i this

group plus Class IV pasture. range, and forest land.
Nearly one-half of this land is class V which is frequently
exposed to excess water and may have water on the
surface or near the surface a significant portion of the
time. Due to the frequency of the hazard. and the
difficulty of solution, none of these lands represents an
economic potential for crop production.

The inventory of drainage needs does not include
Jand that is under water a majority of the time — this
was classed as water area. The 3.1 million acres of lund
considered suitable for drainage involves little surface
water, except for infrequent periods of short duration.
Improved water disposal on cropland is conducive to
more timely field operations and more efficient produc-
tion of wet areas. Such action may reduce weedy cover
heneficial to upland game species. The effect of this type
of drainage has not been evaluated in quantitative terms
on wildlife.

Agricuitural Flood Damages

Flood damages are discussed in detail in chapter 7 of
this appendix. A brief summary is included in this
chapter only to complete the picture of agricultural
problems. There are 14.3 million acres of flood plain
land subject to flood damages. Of this total. there are
14.1 million acres of non-urban area subject to flood

damage. as shown in table 33.

Table 33 — TOTAL NONURBAN AREA SUBJECT TO

FLOOD DAMAGES, BY SUBBASINS

Nonurban Area Subject
T'o Flood Damages

Subbasin

(Thousand Acres)

Yellowstone

Western Dakota

Fastern Dakota |
Platte-Niobrara

Middle Missouri

Ransas

[ ower Missourt

Upper Missourt |
|
\

Missourt Basin

Floods that occur in the tributary areas are not as
spectacular as those which inundate the flood plains of
the main stems of the rivers in the basin: however. they
usually occur more frequently. Damages usually are not
large for any one flood occurrence. but the aggregate can
be quite significant over a period of time

Flooding from snowmelt runoff usually occurs before
many crops are seeded. but damages may result from the
delay in planting. Summer rainstorms can cause damages
which include the drowning of crops with no chance of
replanting or substituting an alternate crop. the reduc-

tion of stands. leaching of fertilizer below the root zone.

prevention of cultural practices 1o control weeds, and




destruction of grain in various stages of ripening . Losses
oceur from reduced yields, lower quality products, und
increased production and harvesting costs. Floods may
also damage the land by scouring action and the
deposition of silt, debris, and weed seeds.

Irrigation Expansion

Irrigated agriculture is the largest single use of water
in the basin. Approximately 7.4 million acres of irrigated
land (6.9 million acres of cropland and 0.5 million acres
of pasture) currently require an annual farm delivery in
excess of 14 million acre-feet, as shown in table 34.
These data do not include evaporation and transpiration
losses from reservoirs. canals. laterals, and waste areas
caused by irrigation seepwater, nor do they consider
return flows to the streams.

Table 34 — PRESENT ANNUAL FARM DELIVERY
REQUIREMENTS OF IRRIGATION WATER,

Annual Water
Subbasin 1 Irrigated Land Requirements
(Thousand Acres) (Thousand Acre-Feet)

Upper Missouri 1.102 1.984
Yellowstone 1.188 2.376
Western Dakota 209 376
Fastern Dakota 119 178
Platte-Niobrara 2,986 5673
Middle Missouri 103 103
Kansas 1.703 3406
Lower Missouri S N
Missouri Basin 7415 14.101

Besides the 7.4 million acres of existing irrigation,
about nine times this amount has been inventoried as
physicaily suitable for potential irrigation development
This inventory is presented in detail in the Land
Resources Availability Appendix. An indication of the
foreseeable potential irrigation development is given in

table 35.

Table 35 — POTENTIAL NEW IRRIGATION
DEVELOPMENT, BY SUBBASINS

Source of Water

Subbasin Ground Water l Surface [ Total
(Thousand Acres)

Upper Missourt 55 408 \l 550)
Yellowstone | 29 l 608
Western Dakota | 119 643
Fastern Dakota | 442 1.28§
Platte-Niobrara | | Mok 629
Middle Missours \ 1.252 349
Kansas ; 1.898 119 l
fower Missaurt \ lei S5K J 970
Missotrt Basin | 5,949 4 886 \ 100,855

Farm delivery water requirements tor | I

level of irrigation development are shown on plate 3
Future analyses will be mnecessary 1o deter

availability ot this amount of water and the prionty ol
use. The expansion of irrigation 1s one ol the major
alternative methods which could mmtluence the tuture

pattern of increased agricultural production
Irrigation Systems Rehabilitation

Some of the earliest rrigation mn the Missouri River
Basin was started about 1650 by the Taos Indians who
lived along Ladder Creek in northern Scott County.
Kansas. Vestiges of the canal they constructed to divert
water from the creek are still visible

Development of irrigation i the buasin by settlers
1860°s with short.

diversions developed by individual landowners. Later.

began in the carly mexpensive
longer and more expensive canal systems were developed
and financed by groups of tarmers. rigation companies
and districts to direct water onto higher and more
extensive terraces and upland areas

State development of irrigation and power projects

began after the passage ol the Water Conservation Act ot

1933, and various state laws allowing state participation
in such activities. The Red Lodge-Rock Creek Project in
Montana and the Tr-County Project in Nebraska are
examples of State developrents.

Some of the first irrigation construction on Indian
lands began during the- 18807 in the Wind and Crow
Indian reservations. Formal construction came about ten
years later with increasing acreages up to the present
time. The approval of the Reclamation Act in 1902
signaled  the beginning of non-Indian  Federal con-
struction ot irngation projects.,

Surface water in the Missouri Basin states is subject to
statutory control. The Congress. through legislation in
1866, 1870, and 1877, placed the admmistration of
water rights under the states. and all the Missourt Basin
States except Minnesota. Missouri. and lowa have
developed  water laws based on  the appropriation
doctrime. Missourni essentially follows the doctrne ot
riparian  rights. lowa water law s o nuxture ol the

rpartan and appropriation doctrines. The lowa water

permit system is riparian for nonregulated waters, bul
maodified appropriation for regulated waters. Most i
gation water in lowa i regulated without a prionity

system but with a permt hmited 1o 10 years. himgation

efficiency can be a consideration when paot renewal 1s
sought. Low-flow protection for lowa surtace waters
severely  limits  consumptive users durnng  penods of
drought

A principal element ot the appropration doctune s
“Frest e thne fust i nght,” While &l ot the Staie

constitutions declare the waters withun the State to be




the property of the public subject to appropriation,
permits for use are essentially considered a property
right by the permit holder. An irrigation water right not
only greatly enhances the value of the land irrigated. but
assures the user the continued right to use of the water
when available and thereby protects his investment in
storage, diversion, distribution, and drainage works. A
water right once granted may not be taken from a user
without just compensation. except through his
abandonment.

While a water-right system controls the use of water
and protects the user. it also establishes a pattern of use
that is often difficult to change. Currently. investments
in irrigation system improvements are made by the user
or groups of users it such improvements are justified by
reason of improving deliveries through savings of losses.
elimination of drainage problems. or savings in operation
and maintenance costs. A senior right holder with an
assured water supply does not feel obligated to improve
his irrigation system for the benefit of junior right
holders. Also senior right holders are often reluctant to
merge and combine systems with junior right holders
due to difficulties in dividing the water saved. and also
because of the barriers developed from historical
conflicts. Merger agreements have and can be reached
when common problems become intolerable and a basis
for comity is developed.

Several factors contribute to less than optimum
management and use of surface water for irrigation in
the Missouri Basin. Because most of the precipitation in

the western part of the basin ocenrs as snowfall. most of

the water used for irrigation in that area comes from the
snowmelt which supplies streams rising in the high
mountains. Spring snowmelt results in peak tlows during
June and carly July and generally (especially in the
smaller streams) these flows drop oft rapidly. This causes
irrigation water shortages during July and August, at a
time when most plant water demands are  highest.
Consequently. farmers in many arcas have to plan their
production on the basis of limited late season supplies,
or allow part of the planted acreage to go without
supplemental water during the critical period. Reduced
yields or complete failure often result.

Fhe imbalance in distribution of the precipitation and
runof{ in comparison to irrigation demands makes water
storage necessary. Suitable storage sites often are not
availuble near the  area to be irngated because ol
untavorable topography or geology. This often results in
the use of storage sites several miles upstream from the
project lands. thus necessitating longer  distribution
systems.

Although a great many privately sponsored projects
met or exceeded engmeering standards at the tume of
thetr mstallation, a substantial number of the early
projects were built without the benefit ot the overall

planning. modern construction equipment. and adequate

financing that have been available 1o projects of the last
few decades. As a result, it has been a continuing eftort
on the part of the tarmers. ranchers. and other water
users to upgrade water supplies. deliveries. and operating

efficiencies. Much has been accomplished but there

remain ample opportunities for improvement.

Rehabilitation Of Older Irrigation Systems
Increases Efficiency Of Water Delivery

In many of the earlier irrigation systems. the canals

were built to carry water to a given acreage: however,
subsequent to the original construction. the canals were
extended to irrigate additional lands. This has resulted in
an inadequate capacity of the canals or laterals to dehiver
sufficient water to all the service area. even though an
adequate supply may be available at the source. High
losses of water by seepage are common in many parts of
the basin. Although much of the water lost to permeable
underground sand and gravel areas may later re-enter
stream flows in the lower reaches of the streamy, such
Josses muay cause a water shortage to the system directly
involved. Water deliveries to junior water right holders
are frequently limited during peak demands.

Canal seepage or overapplication of water, or both. in
conjunction with natural soil conditions result in the

areas of excessively wet agricultural lands, ranging trom
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slight to severe. Yields are reduced. production costs are

increased, and in some cases an overapplication of water
has changed the plant community in native meadows
from one of desirable grasses to one of sedges and other
water-tolerant plants which have a lower palatability and
forage vield.

Floodwater often damages diversions. head gates.
distribution systems. and the topography of irngated
fields. Many and ditches do not have
adequate provisions for cross-drainage of flood flows

small  canals
from small. normally dry washes which cross or intersect
the system. Consequently. flash 1odds from the washes
can cause considerable damage to the system. often
interrupting the delivery of irrigation water during the
critical growing season. with resulting crop failures a
distinct possibility

Some excessive  sediment  loads

streams  carry

(especially atter flash tloods) and in some places where

the sediment is fine clay. deposition on irrigated fand
seals in the surface and greatly reduces the soil perme-
ability. After repeated applications of water carrying a
clay load, the surface soil becomes finer textured and
more difficult to ull.

As a of the conditions under which
irrigation was developed. there are numerous instances

consequence

where separate canals and ditches parallel and sometimes
cross and recross each other. Operation and maintenance
costs of duplicate facilities are high, as are the aggregate
water [osses. [n some cases. operation costs are increased
by a constant need to stabilize embankments and
ditches. and to control unwanted vegetation. In these
instances associated water losses are unusually high.
There are about 5.800.000 acres of irrigated land in
the Missouri River Basin that are developed for service
by group irrigation systems (table 36). Not all of the
acreage is irrigated in any one year. The group facilities

Table 36 — CATEGORIES OF IMPROVEMENTS IN EXISTING GROUP IRRIGATION
SYSTEM FACILITIES, BY SUBBASINS

Irrigation | Delivery
Subbasin Category* Service Area Storage Ditches
(Acres) (Ac. Ft.) (Miles)
(Thousand)
Upper Missouri A\ 1.154 649 18.1
B 319 179 i 32
Subtoral 1473 828 [ 203
{ -
Yellowstone A l 895 .‘ 342 54
A&B | 94 70 03
B } 121 ! 0.3
€ 322 610 1.8
Subtotal i 1432 1.022 7.8
Western Dakota A l Sl 33 0.2
B 2 S L=
B&C 74 414 06
( 2/ R 2
Subtotal [ i29 447 08
Fastern Dakota B 7/ [ 0.1
( 1 : <
Subtotal ‘ 8 | 0.1
Platte-Niobrara \ [ 1,778 ‘ 3.722 8.0
' A& B ‘ 93 \ = 0
! B [ S08 | 7 1.3
| € 1S ‘ 2,108 16
Subtotal | 1 2.591 5.832 116
Middle Missour | - - - = = = - - - = SNOHE) = = — = = = e = = = - - = =
‘ 5
Kansas River ‘ A [ - <
B ' 165 ' 769 10
I‘ ( 3 e 5
Stibtotal ‘ | 166 769 1.0
Lower Missour) } - e T = = = - - = (None) = - - o e -
‘ 5 -
Missour Basm ! \ | 3.879 4.746 i
‘ A &B i 187 : 70 1.0
B 1,119 ' 950 49
B & | 74 | 414 (.6
( 540 | 2718 14
Missourt Basin - ] il
Total ot All
Classifications L 5.799 S K98 416

T ess than 500 acre-feet

2 ess than SO mifes,

3oess than $00 acres

R mm——

“See following text tor defimtion
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to service these areas consist of irrigation reservoirs with
an aggregate capacity of nearly nine million acre-feet und
about 42,000 miles of group delivery canals or ditches.
About 45 percent of the storage capacity is in reservoirs
constructed by irrigation districts, water companies. or
by the states. with Federal construction accounting: for
the remainder. Reservoirs constructed by Federal
agencies not only supply water to the federally devel-
oped irrigation projects, but furnish supplemental water
to lands developed and serviced by local districts and
water companies. In addition to providing irrigation
water, nearly all reservoirs also satisfy other multi-
purpose demands. With regard to delivery ditches. about
32,000 miles or 73 percent of the system were con-
structed by irrigation districts, water companies, or by
the States. Approximately 10,000 miles or 25 percent
were constructed by Federal agencies. The current
facilities to provide irrigation water to 61430 acres of
Indian land consist of 52.610 acre-feet of storage and
675 miles of group delivery ditches.

The improvement needs for existing irrigation
systems are broadly grouped into three categories:

Group A — System short of water during the irri-
gation season. Additional water supplies
needed, which can be provided or improved
by project-type measures to irrigate properly
the present or anticipated crops.

Group B — Systems having drainage problems where
project-type ditches and drains are required
to alleviate the situation. Often the water
causing the trouble stems from canal or ditch
seepage.

Group C — Systems having high operation and main-
tenance costs, reorganization and  con-
solidation needs. and erosion or sediment
problems.

New or added storage is one of the most frequently
needed measures in the Group “A™ category. Also
important is the improvement of delivery systems. either
by lining of porous sections, improving diversion install-
ations, consolidating delivery canals, or enlarging pre-
sent facilities.

The installation of group drainage ditches and/or
drains constitutes the most important measure needed in
Group “B”. Land preparatiom. smoothing. and field
leveling are also needed.

With regard to Group “C". a reorganization and
consolidation of present systems can sometimes materi-
ally lessen total canal mileage. Improvement of canal
efficiency, through lining or other structural measures
such as improved diversions. is also included in this
category.

Measures which improve the efficiency of irrigation
systems often alleviate interrelated leNL‘HI\ As an
example. lining a porous section of a canal or delivery

ditches reduces water losses so that more water can be

delivered to fields at the end of the system. A reduction
of losses can also reduce drainage problems in the wet
areas of adjacent farmland. Similar interrelationships
often exist between flood damage reduction and irriga-
tion water storage facilities.

The inventory of needs indicates that the water
supply of the irrigation systems can be improved by
adding 185 reservoirs to store about 1.180.000 acre-feet
of water (table 37).

Reorganization and consolidation of delivery systems.
including canals and ditches, offer opportunities to
improve water supplies and reduce operation and main-
tenance costs. It is estimated that about 3400 miles of
group delivery ditches could be eliminated through
consolidation and reorganization. Some 5400 miles
need lining to reduce water losses. cut operational
expenses. and increase the hydraulic capacity.

To improve the disposal of irrigation waste water and
alleviate the drainage problems. approximately 4.600
miles of group drainage ditches are required. These.
along with the installation of the associated on-farm
drainage measures. would alleviate the excess water and
drainage problems on some 717.000 acres. Drainage
measures could have some adverse effect on fish and
wildlife, but the exact amount will have to be deter-
mined from more exact data in the tuture.

Irrigation facilities serving Indian lands can be im-
proved by adding three reservoirs with a combined
storage capacity of 25700 acre-teet. lining 83 miles of
canals. and installing 61 miles of drainage ditches that
are part of the totals shown in table 37.

All of these measures have the potential to improve
irrigation supplies by making available 4 total of about
1.4 million acre-feet of water from storage. and 4 saving
in canal and lateral losses (table 38). It 1s estimated that
some 269,000 acre-feet of water could be salvaged from
present losses to phreatophytes. evaporation. and deep
percolation. The aggregate enhancement of water supply
to the 3.900.000 acres with “A™ type problems would
be about ten percent. However. the mmprovement in
water supply to individual systems could range as high as
40 percent. A substantial number of irrigation systems
need no improvements in water supply. and therefore.
irrigation water supplies would not be affected. It all
system reorganization. ditch elimination. lining. storage.
and drainage measures should be accomplished, the total
effect on surface water would amount to a new
depletion. or additional water use. of about 196.000
acre-feet annually

Livestock Water
The eight subbasin designations used tor the study are

delineated as being hyvdrologically  consistent but en-
compass marked differences in climate and soil. These

two factors largely dictate the predomimant type of




Table 37 — POTENTIAL REHABILITATION AND REORGANIZATION OF GROUP IRRIGATION
SYSTEMS, BY SUBBASINS AND CATEGORY

: T
Additional Reservoir Storage
. Elimination of Group | Drainage
Subbasin Category Ditches Ditch Lining Structures (000) Ditches
(Mi.) (Mi.) (No.) C(AcFt) | (Mi) | (Acres
Upper Missouri [ A 2.183 976 74 i 240 A S
| B 1 { 396 (79)
Subtotal | 2183 1.057 74 240 396 79
[
Yellowstone | A 691 902 49 294 114 (20
A&B 23 59 3 s57 | 128 (23)
B ‘| 2 10 - [ SO0l (90
( ‘ 20 75 - 214 1 (39)
Subtotal . 736 1.046 | 52 1 351 957 | 172
Western Dakota A \ 21 14 20 J 27 e ‘ .
B oo | S 1 10 ‘ )
B&C . 20 ‘ L= ; e
Subtotal [ 21 34 20 27 | 10 | 2
Eastern Dakota B ] 2 (7
Subtotal | | - - J 2 7
Platte-Niobrara | A E 287 955 | 38! 262 g et
| A&B ‘ 90 347 | 5 300 728 (101,
h B 23 Frale 1 & | 2500 ’ (349)
€ 26 283 ‘ --- | 12 | (2)
Subtotal | 426 2466 | 39 ‘ 562 3.240 | 452
Middle Missouri - — — = = = e e N N SETE Y et el e 2 B e s s =
Kansas River A J S { [ — -
B " 2 29 | l ‘ 25 (3
3 | o 755 | | i Ty | -
Subtotal | 2 789 ‘ { 25 \‘ 5
LowerMissourl o == = = — 0 = ———m e = = = s (NOnE) — — = = = — — — — — — — — —~
Missouri Basin A 3182 2852 181 l g3 | na | Q0
A& B 113 406 3 | 357 [ 856 1 (24
B 27 1.0a1 I { {343 ‘» (532
B & ( ‘ 20 } . was
g 46 1113 \ 226 | @1
Missour Basin [ f
Total of All
Classifications 3.368 5.392 185 ’ [.180 4.630 717
Table 38 — ESTIMATED POTENTIAL EFFECT OF GROUP IRRIGATION REHABILITATION AND
IMPROVEMENT MEASURES ON WATER SUPPLY AND EQUIVALENT
IRRIGATED ACREAGE, BY SUBBASINS
o ~ Potential Water Supply
Storage and T Increased Equivalent
Transportation | Net Future Irrigated
Subbasin | Losses Salvage | Total ~ Depletions 1I _ Acreage
{ (1.000 Acre-Feet — Average Annual) | (1.000 Acre:
Upper Missouri \ 378 425 113 ‘ 153
Yellowstone 336 65 401 72 68
Western Dakota l 15 16 S 5
Fastern Dakota | - .- .- “--
Platte-Niobrara l 610 147 5% 15 246
Middle Missourt snw . S
Kansas ‘ 71 9 | 80 (-9 27
Lower Missourt = -
Missours Basin ! 1.410 | 269 1.679 196 4949




agriculture enterprise practiced in any portion of the
basin. A meaningtul discussion of the problems related
to supplying livestock water must recognize these broad
climatic changes. Vast areas of grazing land are located
in the arid and semiarid Great Plains portion ot the
basin. Grazing of this grassland without undue wind or
water erosion requires good land management und
adequate quantities of good quality water. strategically
located. Meeting the water supply requirements is
serious problem in large portions of this area.

Ground water currently constitutes nearly three-fifths
of the livestock water with surface supplies providing the
balance. However. sources vary significantly between
subbasins. Ground waters trom both wells at head-
quarters and in pastures are the main source of water in
five of the eight subbasins and range from a high of
84 percent in the Middle Missouri to a low of 30 percent
in the Western Dakota Subbasin.

Surface water. mostly farm ponds and pits. pre-
dominates in three of the eight subbasms. providing as
high as seven-tenths of the livestock water in the Western
Dakota Subbasin. In substantial areas of these three
subbasins. ground waters are limited at economic
pumping depth or are highly mineralized. thereby
generally lowering the desirability for livestock use.

B s e S . -

Strategically Located Sources of Livestock Water
Promote Efficient Use of Pasture and Range Land

In addition to areas which have a supply proble
runoff from the badlands and steep raw banks that occ
intermittently throughout this western portion of t
basin is frequently heavily laden with colloidal clays 1l
do not settle out. Often the ground water and even 1
smaller rivers are high in salts. When this low quali
water is used by livestock it retards growth. Caly
drinking good quality water have weaned out as much
125 pounds heavier than calves drinking silt laden
extremely salty water according to recent USDA tria
These water quality problems have created considerat
interest in rural pipelines that supply both livestock a
the domestic needs of the farmers and ranchers. A &
such pipelines have been installed. one ot which is
miles long.

Providing livestock water is less of 4 problem east
the Great Plains in the more humid regions ot the bas
The eastern farm units are smaller than the weste
ranches. and fewer watering facilities are required |
each farm unit. Frequently headquarters water is all tl
is needed. Satellite facilities are installed when pastu
are isolated from the headquarters supply.

Wells and stock P:‘Hd\ are used to mee! the livest
needs in the east as well as in the west. but more 1l
half of the total needs is supplied from ground water.
this area. stock ponds, when used. are smaller because
a more reliable runoff and high runoff rate. R
pipelines are becoming popular where ground watel
not available in this eastern area: however. these pi
lines wusually are predicated on an  unsatistact
domestic supply rather than primarily to satisty I
stock requirements.

Beef cattle, calves. and sheep consume three-tour
of the livestock water in the Missourt Basin. Ot
livestock. such as dairy cows. hogs and pigs. and poul
consume the remaining portion. Consumption requ
ments amount to about 343 million gallons per «
(table 39).

A great variety of wildlite also utilizes livestock wi
developments for drinking. for living space. or for b
Big game. particularly deer and antelope. frequer
utilize them as a source of drinking water. Sage groi
sharptails. and pheasants also find them attractive. M
different species of waterfowl and shore birds use t
for habitat. Livestock water developments having st
cient depth and size. frequently provide a warm-w
sport fishery which produces bass, blue-gill. and char
catfish. In some areas where water temperatures are
enough the developments are stocked with trout

Waterfowl production on livestock water pond
important in the north and central parts of the basin
average annual production on wrtitficial water area
about four ducks per surface-acre in tavorable w
maximum production has been realized where ponds
fenced and shoreline vegetation protected. Livest

ponds have a lite span of about 20 to 30 vears, and w
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Table 39 — CURRENT AND PROJECTED LIVESTOCK WATER REQUIREMENTS, BY SUBBA

L 1960 Projected Requirement
S —
Other ]' |
Beef Cattle Livestock |
_ Subbasin | andSheep | &Poulwy |  Tow | 1980 | 2000 |
(Million Gallons Per Day)
Upper Missouri 19 1 20 31 42
Yellowstone ) 1 18 28 39
Western Dakota 23 3 26 43 60
Fastern Dakota 28 15 43 64 90 |
Platte-Niobrara 57 15 72 124 177 .‘
Middle Missouri 34 30 64 96 134
Kansas 36 12 48 70 98 !
Lower Missouri 44 15 59 89 124 |
Missouri Basin 258 92 350 545 764

VEstimates are for 1960 consumptive requirements except for the Kansas Subbasin, which is for the 1965 year.

they are no longer effective for livestock water, they
must be replaced with new developments. Even though
these obsolete ponds have little or no value for livestock,
they continue to provide wildlife habitat and are
especially important for waterfowl production. The
increase in total numbers of livestock ponds and
retention of any remaining storage capacities in the
majority of the obsolete livestock ponds will provide
about one-half the estimated total of 146.000 ponds
needed for waterfowl habitat. Additionally. these
developments furnish significant amounts of well distri-
buted fisherman- and hunter-days.

Current annual water use for livestock purposes is
about 1.140.000 acre-feet. Of this amount 392.000
acre-feet. or about one-third, are consumed by livestock.
and 756,000 acre-feet. or two-thirds. are evaporated
from farm ponds. as shown in table 40.

Table 40 — ESTIMATED AVERAGE ANNUAL WATER
USE FOR LIVESTOCK PURPOSES (1960),
BY SUBBASINS

Consumption | Evaporation From
Subbasin Requitements! | Farm Por *s? Total!
(Thousand Acre-Feet)

Upper Missouri 22 | 132 154
Yellowstone 20 69 89
Western Dakota 29 | 206 235§
Fastern Dakota 48 42 90
Platte-Niobrara | 70 151
Middle Missourt | 72 18 a0
Kansas 54 122 176
Lower Missouri 66 97 ‘ 163
PN, e

Missouri Basin 192 756 , 1.148%

Hincludes all types and classes of livestock, for 1960, except
Kansas (1965)

2 Average annual take evaporation plus runoff minus precipita
tion.

SWater use is defined as water consumed from both surface
and ground-water sources by livestock plus net evaporation

tasses from hivestock ponds

AGRICULTURAL DEVELOPMENT

Development needs in agriculture may
relate to national. regional. and environmer
of the next 50 years. The level of developm
to meet the needs of one objective may be
may oversupply the needs of other object
cases. objectives might be in direct conflict
the needs of one objective could preclude :
other objectives.

The resolution of any contlicts betwe
and the determination of the specific agric
opritent necessary to optimize the needs of
is a function of planning. This chapter pre
tural development needs as they rela
objectives. No attempt was made 1o assign |
or priorities to needs when they di

objectives.
Agricultural Production Needs

It has been shown that agricultural prc
be expanded. The projected capability o
resources with only specified activities
production requirements except for appro
10 percent between the years 2000 an
expanded output is necessary to meet p
and fiber requirements stemming i
nl\_in‘cll\u‘.\

In addition to the national product
ciency gains may be realized by the «
problems and constraints which prevent t
tion of the resources of the basin. It is q
many of the development potentials ma
more economical than the present sour
tion. If so. the more efficient producti
development is in the interest of the nat
inasmuch as it replaces other higher
production and results in supplying na
ments at a lower cost. This will have
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transferring activity from marginal acres (and areas) to
the newly developed resources, assuming regional output
is held at the requirement level.

There is understandably a regional and local objective
to expand activity beyond the level of regional require-
ments which are disaggregated from national require-
ments. This regional development need can be met by
the development of the same potentials which provide
efficiency gains to meet the national objective. The
regional objective is compatible in this respect. but
diverges from the national objective with reference to
the transfer of activity. For such development to meet
regional objectives, the regional output would be
allowed to increase aggregate output without letting
economic pressure force the higher-cost areas out of
production. This additional increment of production
would add agricultural activity and related service
activity to the level of economic activity in the base
projections. The result would be a transfer of
agricultural activity from other regions to the Missouri
Basin. Hence, regional output tends to increase rather
than be maintained at the requirement level.

The specific location of the higher-cost resources
which will be replaced by efficient development and the
relative efficiency of resources development potentials
will not be known until similar information is available
from the other major basins or regions. Only then can
the regional implications of meeting national production
demands be fully evaluated. In this interim, it is in the
interest of all objective levels to determine the capability
of existing resources and of the resource development
potentials in this basin. All levels of objectives can be
served by any development potential which can increase
the efficiency of furnishing the Nation’s food supply.
regardless of ultimate interregional consequences.

Land Treatment

In a previous section, the capability of the agricul-
tural resources (with only specified activities continuing)

was projected. These projections included the effect of

research, technology. improved managment, and the
continuation of certain resource-oriented agricultural
programs. This continuity of the management, con-
servation, and restoration of the land resources is an
important assumption " in the projected production
capability.

To attain the projected agricultural production there
must be increased intensities of technology. manage-
ment, capital, and improved farming practices. Only
with a stable land base can landowners and operators be
expected to undertake such investments in time. energy,
and funds.

The basic requirement for widespread attainment of

soil conservation is the proper use of land for safe.
continuous agricultural production. The purpose of the

64

land treatment program is to sustain pasl ace
ments and to increase the amount of adequatel
cropland in the basin about 12 million acres by

million acres by 2000, and 41 million acres t
Such a rate of treatment will require the instal
improved conservation management practices
million acres of land and the installation of i
management practices. plus mechanical practice
additional 21 million acres. In addition to t
needs. it is assumed that 4.6 million acres of
will be retired to grass and replaced by 4.6 mill
of grassland suitable for cultivation without pe
harm.

The treatment needs on pasture and ra
increase the amount of land adequately treated
million acres by 1980. 40 million acres by 200(
million acres by 2020. This will require |
management practices on 22 million acres.
proved management and mechanical con
treatment on 36 million acres of pasture and ran

Privately owned forest and woodlands w
treatment on | million additional acres b
approximately 1.9 million acres by 2000. and
lative total of improved treatment of 2.7 mill
by 2020. This will require improved nx
practices on 2.1 million acres of land and 1
management plus mechanical practices on an a
0.6 million acres of forest and woodland.

Improved Water Facilities

Water needed for livestock consumption is |
to increase in direct proportion to projected
production. This will amount to a threefold
350 million gallons per day currently to 1.03
gallons per day in 2020. Needs for development
supplies at farm and ranch headquarters are cor
the rural domestic water needs in chapter 3. I
to headquarter needs. there are further needs
development away from farm and ranch headq
meet expanded demands and to achieve bet
bution of grazing. These mechanical meas
included in the acreage of land treatment nee
for pasture and range.

It 1s anticipated that ground water will conti
the predominant source of water supplies: how
subdivision of large pastures and other pasture |
management practices will increase the impo
surtace water, as illustrated by table 41. To
need for better water distribution. it 18 projecte
additional 116,000 tarm ponds will be requirec
(table 42). Currently. the grazing land &
supplied with water 15 about 64 percent of
acreage. By 2020, the percentage of gra
adequately  supplied is projected to be Nt




Table 41 — CURRENT AND PROJECTED SOURCE OF LIVESTOCK WATER, BY SUBB

~ Subbasin

Upper Missouri
Yellowstone
Western Dakota
Fastern Dakota
Platte-Niobrara
Middie Missouri
Kansas

Lower Missouri

Missouri Basin

Current 1980 2000
Surf. Ground Surf. Ground Surf. Ground Su
(Percent)
63 37 69 31 70 30 7
58 42 61 38 64 36 €
70 30 71 29 71 29 1
42 58 44 56 26 54 4
32 68 32 68 31 69 2
[6 84 21 79 24 76 ]
36 64 38 62 39 61 3
49 51 49 51 52 48 E
43 57 46 54 47 33 4

Table 42 — CURRENT AND PROJECTED SURFACE AREA OF WATER USED FOR LIV
BY SUBBASINS

Other
Farm Ponds' Water
Subbasin - Period No Acres Acres
(Thousands)
Upper Missouri Current 22 65 22
1980 38 89 22
2000 39 89 22
2020 45 90 21
Yellowstone Current 14 34 16
1980 19 42 16
2000 24 48 15
2020 25 42 15
Western Dakota Current 56 96 11
1980 67 96 11
2000 13 96 11
2020 75 96 11
Fastern Dakota Current 40 30 44
1980 49 36 36
2000 52 39 32
2020 53 40 a0
Platte-Niobrara Current 23 25 49
1980 25 26 49
2000 25 28 49
2020 25 26 49
Midd!e Missournt ] Cuireni 16 13 13
1980 2 22 12
2000 30 27 11
2020 RE} 34 10
Kansas Current 38 46 13
1980 42 50 13
2000 45 68 13
2020 45 76 13
Lower Missourt Current 108 108 14
1980 113 138 13
2000 121 218 t2
2020 128 256 i2
Missourt Basin Current 34 414 182
1980 372 496 172
2000 409 613 165
2020 430 660 J 150

Hearm ponds for livestock water include

supplies throughout the grazing season or period of use

only the farm ponds used primarily for livestock water that |



STOCK,

__Total

Acres

87

70

i 74
75

77
75

26
34
38
44
59
63
81
89
119
148
230
268
596
668
778
K10

ovide effective water

i
v
o
i

ranging from a low ot 82 percent in the Upper Missouri
to a high of 95 percent in the Eastern Dakota Subbasin.

A probable increase in furm pond numbers. replace-
ment, and relocation of existing ponds and wells will

improve the distribution ol water \uH\i
grazing lands are projected to be 75 pes
supplied with water by 1980, 82 perce

86 percent by 2020 (table 43).

Table 43 — CURRENT AND PROJECTED GRAZING AREA ADEQUATELY SUPPLI

.‘\Lgni(;r:ucd .

Subbasin L("ljﬂnli | 1980 | 2000
r (Million Acres)
Upper Missouri [ 35.0 349 4.8
Yellowstone ‘ 35.1 0 349
Western Dakota 36.5 4 363
Fastern Dakota 12:7 T 12.7
Plitte-Niobrara 42.6 5 424
Middle Missourt 3.0 3.0 3.0
Kansas 14.1 14.1 14.0
Lower Missourt 10.4 10.3 10.2
Missouri Basin | 189.4 188.9 188.3

The remaining |4 percent will not be adequately
supplied by 2020. according to travel-distance criteria.
This deticiency, however. is not considered to be serious
since the aggregate “deficient area™ will be comprised of
fringe or odd areas in corners of pastures. areas of
difficult accessibility. or areas of such low production
that development of water supplies will probably never
be feasible.

Total water use by livestock is projected to increase
about 31 percent by 1980, 65 percent by 2000. and to
double by 2020. The amount of water used by livestock
will increase from [.1 nullion acre-feet under current
conditions to 2.3 million acre-feet by 2020. Currently.
about 34 percent is actually consumed by livestock,
while 66 percent is lost through evaporation from water-
ing facilities. As a result of greater livestock use. the
proportion of projected water requirements which s
consumptively used will increase to slightly over one-halt

of total water requirements. as shown m table 44

Social and Economic Environment

The strengthening of the agricultural, social. and
economic environment in rural areas of the basm is a
need toward which national policy 18 orented.
Considerable discussion has been devoted to the natural
instability and uncertainty ot this area and the problems
inherent in the environment. This natural mstability and
variability in agricultural production and mcomes is
directly translated into local area economics which rely
on agniculture for support. The nature of the area is such

that trades and services must be prepared to handle 1a

volumes of business in favorable years and sufter
over-capacity and  periodic unemployment in drought

years

WITH WATER, BY SUBBASINS

Grazing Area Adequa

J Supplied with Wate
M — o s b Sonlsndt
2020 | Current 1980 5 200/
[ (Percent)
4.6 54 &7 77
34.7 57 69 79
36.1 | 67 7 84
12.6 6y “8 )4
42 3 70 S R34
2.9 76 82 45
1 3 " (\\’ 74 XU
10.1 75 s N
187.2 64 75 82

There 1s a need for measures which
agricultural  and  dependent industric
agricultural industry would in 1tselt b
and would. in turn, produce efficiency g
volumes of business tlows within rel
SCIVICesS.

All of the resource development |
toried can contribute to production
moving production losses. eliminatm
effects of climate variability. and inc
ciency and productivity of the agrnicultu

In a primarily agricultural area. soil

limiting tactors on the level of the agr

There are definite limits to crop proc
stock feed that can be produced
resources. The natural chimate not

productivity. but creates dama

full realization of potential production
the Missourt Basin the nature ot the
capability of the resources require exter

unit to provide adequate tamily fa

for an etticient combination ot fand a

to fully utlize current and projected
ever-decreasing density of rural populat

While improving per capita income.

creates a need tor additional basic ey

areas if travel distance to public and pn

be held to practicable limits

Any of the development potentials v
capability of the resources to produce v
environmental and socital need uch «
have the eftest of mcreasing the tota
basin’s agricultural ndustry 1o supply
income. and merease employment in 1

total economy




Table 44 — CURRENT AND PROJECTED ANNUAL WATER USE FOR LIVESTOCK PURPOSES,
BY SUBBASINS

Consumption Evaporation '
Subbasin Period Requirements! Sources? ] Total?
(Thousand Acre-Feet)
Upper Missouri Current 22 132 154
1980 35 151 ' 216
2000 47 151 f 228
2020 66 153 [ 249
Yellowstone Current 20 69 l ]
1980 31 8s | 116
2000 44 97 | 141
2020 61 85 ] 146
Western Dakota Current 25 206 l 235
1980 48 206 [ 254
2000 67 206 | Z73
2020 94 2006 ! 300
|
Fastern Dakota Current 48 42 ‘ 90
1980 72 l 50 \ 122
2000 101 ‘ 55 | 156
2020 140 | 56 | 196
Platte-Niobrara Current 81 [ 70 | 151
1980 139 f 72 \ 21
2000 198 | 78 } 276
2020 268 i 72 | 340
Middle Missourt Current 72 [ 18 ) 90
1980 108 3 i 139
2000 150 38 ’ 188
2020 208 48 } 256
Kansas Current 54 122 | 176
1980 79 133 l 212
2000 110 181 i 291
2020 54 202 { 356
Lower Missouri Current 66 97 } 163
1980 100 127 l 227
2000 139 2613 342
2020 195 138 } 433
Missourt Basin Current 392 756 1.148
1980 612 883 1497
2000 856 1.039 1.895
2020 1.186 JL 1.090 2.276

Tinctudes all types and classes of hivestock for 1960, except Kansas (1965).
=Average annual lake evaporation plus runoff minus precipitation,
3Water use is defined as water consumed from both surface and ground water sources by hivestock plus net evaporation

trom lLivestock ponds.

Within the next half-century. the development ot
these potentials can significantly improve the quality of
the agricuftural economy. However. agriculture alone.
will be the
services facilities needed within desirable

unable trades and

and

geographic distances.

to support necessary

social

FOREST RESOURCES

The forests of the Missouri Basin are concentrated
largely in two major geographic areas: (1) in the Ozark
Platcaus in the Lower Missouri Subbasin and adjacent
areas in the southern portion of the basin; and (2) in the
Rocky Mountains and Black Hills of the Upper Missouri.,
Yellowstone. Platte-Niobrara and Western Dakota sub-

basins (figure 15).

In the Lower Missouri Subbasin, torest and wy

lands cover one-fourth of the land area. They are
hardwood and almost all of them are privately ow
long period of heavy grazing and poor markets !
products has resulted in an accumulation

stands that contain many cull trees and 1
sapling-seedling trees. The volumes

board feet per acre

The 22 million acres ot ¢
Busin
forest lands and repm
from

of the Missoury
COMMETULa {
portien ot thes

westert
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FIGURE 15
MAJOR FOREST TYPES
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Table 45 — ACRES OF FOREST LAND BY CLASSES
AND CURRENT INVENTORY, BY SUBBASINS

Commercial | Noncommercial Total

| Forest Forest Forest
‘ Subbasin Land' Land? Land
| (Thousand Acres)

E Upper Missouri 5.500 E 211 7,211
{ Yellowstone 3.166 3.871 7.037
| Western Dakota 2,218 206 2424
| Eastern Dakota 129 31 160
I Platte-Niobrara 4.150 978 5,128
| Middle Missouri 1.019 17 1.036
L Kansas 500 20 520
| Lower Missouri 6.651 206 6.857
| Missouri Basin 23,333 7.040 30,373
} LForest land which is producing, or is capable of producing

crops of industrial wood and not withdrawn from timber
utilization by statute or administrative regulation.
Unproductive forest land in ble of producing crops of
commercial industrial wood. This also includes productive
forest lend withdrawn from commercial timber use through
statute or administrative regulation.

elevations consists of low-quality stands of juniper and
ponderosa pine which are classed as noncommercial
forests. The commercial forests are located at somewhat
higher elevations and consist mostly of lodgepole pine,
Douglas fir. Englemann spruce. and ponderosa pine.
They occur along the eastern slopes of the Continental
Divide and on a number of mountain ranges to the east.
At still  higher elevations there are additional
noncommercial areas of rugged sites with scrubby trees

largely subalpine fir. white bark pine, and Englemann
spruce.

Timber Inventory

The volume of sound wood in the forest growing
stock of the Missouri Basin is 19.1 billion cubic feet.'
Sixty-five percent (62.5 billion board feet) of the
growing stock is in sawtimber-size trees.? Softwoods
make up 83 percent of the sawtimber volumes. Sixty-
five percent of the timber inventory is on Federal land.
| Tree and log sizes are significant in determining grade.
and indicate the quality of the sawtimber. Approxi-
mately 43 percent of the sawtimber volumes in the basin
is in trees 15 inches and larger in diameter at breast

height. About 30 percent is in trees 19 inches and larger.
Thirty-nine percent of the softwoods and 59 percent of
the hardwoods are trees over 15 inches in diameter. The
remaining volume of growing stock, 35 percent, is in live

IGrowingstock  trees are sound. five trees of commercial
species. Growing-stock volume is the net volume in cubic feet
of growing-stock trees 5.0 inches dimmeter-breast-height and
over on commercial forest land

2Sawtimber is measured in board-feet and includes only the
portion of the growing stock imventory of softwoods over
9 nches in diameter and hardwoods over 11 inches in di
ameter in oone or more 1 2-foot logs

pole-timber trees which meet many commercial needs
but generally are too small to be made into fumber.

Timber Growth and Cut

Trees in the timber growing stock form the base for
future timber growth. When ready tor larvesting but
not cut, they become a reserve of standing timber
from which industries may draw to meet future require-
ments. Comparison of timber growth and cut provides 4
rough mdlc;nuw of the degree of undercutting or
overcutting.

The net annual growth of all growing stock trees ir
the Missouri Basin is estimated to be 306 million cub.¢
feet. Growth per acre amounts to about 13 cubic feet.
The growth of sawtimber totals 961 million board teet
annually. Sawtimber growth is approximately 45 board
feet per acre per year. Most of the sawtimber stands.
particularly in the western portion of the basin. are
old-growth forests. In this section most of the sawtimber
stands are overmature and subject to heavy mortality.

Forestry Production

The total harvest of timber in the Missouri Basin
increased about 13 percent from 1952 to 1962. while
the rise in wood consumption in the United States was
some 17 percent. However. annual harvest of timber
resources is only about one-half of’ the growth. thus
increasing timber reserve inventory. A desirable cut will
progressively improve the distribution of age classes and
quality of the growing stock and maintain a desirable
level of timber reserve in growing healthy conditions to

Timber Cut Within The Basin Is Used For
Pulpwood, Lumber, And Veneer Logs
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meet future needs for forest products. Timber product
outputs in the basin totaled 138.9 million cubic feet in
1962. Ninety-two percent of this came from round-
wood: the balance from plant by-products. The saw-
timber portion of this harvest amounted to about 554
million board feet or only 57 percent of the net annual
sawtimber growth.

About 461 million board feet were produced from
logs comprising 55 percent of the annual cut. Seventy-
five percent of the saw logs was cut in the western
subbasins. Another 471.000 cords, or 26 percent of the
annual cut. were used for fuelwood, chiefly in the Lower
Missouri Subbasin. The cut of veneer logs and pulpwood
together totaled six percent of the annual cut.

g - O . e R
Summary of Significant Characteristics

Inventory of sawtimber in billion board feet 62.5
Stand:

Percent in sawtimber stands TR

Percent of other stands 27
Type of Wood:

Percent in softwoods 83

Percent in hardwoods 17
Ownership:

Percent Federal 65

Percent private industry 33

Percent other private 2
Size:

Percent in trees over 15 inches in diameter 43

Percent in trees over 19 inches in diameter 30
Growth:

Total annual growth in million cubic feet 306

Annual sawtimber growth in million

board feet 961

Harvest:;

1962 total harvest in million cubic feet 104

1962 sawtimber harvest in million

board feet 554

Spetails of timber inventory, growth, and cut are included in
tables 56 through 63.

Projected Deimand, Growth, and Cut

By 1980. the national demand for forest products is
expected to increase by one-third over the 962 use.
Projections from the same base indicate a 200 percent
demand increase by 2000 and a 300 percent increase by
2020. In the Missouri Basin. the 1962 timber cut
(demand) was 104,197 cubic feet. Projections for the
basin show a demand of over 196.000 cubic feet by
1980. of 305,700 cubic teet by 2000. and 401.400 by
2020 as shown in figure 16.

Net annual growth is expected to increase at about
the same rate as the timber cut. assuming that forest
management programs will intensify the annual growth
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FIGURE 16
HISTORICAL AND PROJECTED ANNUAL TIMBER CUT,
GROWTH, AND INVENTORY ON
COMMERICAL FOREST LAND
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through 2020. As a consequence. growth will still exceed
cut by 200 million cubic feet annually in 2020 and
inventories will increase 140 percent to over 31 billion
cubic feet of growing stock.

The cut of sawtimber is projected to rise from 554
million board feet in 1962 to 1.354 million in the year
2020. Although the cut (demand) will nearly equal
sawtimber growth by 2020, the inventory of sawtimber
reserves will increase by 11.000 million board feet.

The Lower Missouri Subbasin with 41 percent of the
basin’s timber output in 1962 will continue to be the
major producer, but its share of the total is projected to
decline to 31 percent. In contrast. the Upper Missouri
Subbasin. presently with a [6 percent share. is projected
to increase to 20 percent in 2020 as illustrated in
figure 17.

Forest Products Employment

Most of the forest product industries are located new
the forest areas in the western and southeastern portions
of the Missouri Basin and in the Black Hills area of the
Western  Dakota  Subbasin.  Employment in primary
wood-using  manufacturing  plants and  forest-based
industries will increase gradually during the next half-
century. To meet requirements of the forest-based
industries. forest managment and tmber harvest will
increase at about the same rate.

|
1
|
|




FIGURE 17
TIMBER PRODUCTS OUTPUT
BY SUBBASINS
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Employment in timber-based manufacturing is pro- paper, and allied products. This contrasts with the
jected to increase from 22,000 in 1962 to about 51.000 34 percent employed in this category in 1962. The
in 2620, Agricultural employment in timber harvest- remaining employees will be divided nearly equally
ing is expected to increase from 5,152 to 9.000 during between lumber and wood-product plants and timber
the same period. harvesting. Over half of the timber-based employment
By 2020, nearly half the total forest-products manu- will be in the Lower Missouri Subbasin.

facturing employment will be in mills producing pulp.
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Table 46 — HISTORICAL AND PROJECTED
EMPLOYMENT IN TIMBER-BASED
MANUFACTURING INDUSTRIES,

Subbasin 1962 l 1980 ;‘ 2000 | 2020
(Number Persons)

Upper Missouri 890 1.635 1.720 1.585
Yellowstone 829 950 885 ' 830
Western Dakota 1.388 1.550 1,530 | 1425
Fastern Dakota 250 250 270 | 290
Platte-Niobrara 3514 | 5.875 | 7.160 | 9.395
Middle Missourn 2.820 3420 4.090 I 5.730
Kansas 940 | 1.040 | 1270 | 1450
Lower Missourl 11.520 | 14.230 | 20,990 |30.790
Missouri Basin Sl 37915 |S1.495

.
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Forest Needs and Opportunities

There are opportunities to increase water yield and
streamflow in the timber areas of the basin. Forests can
be managed to change the pattern of forest cover and
thus induce snow accumulation and reduce evapo-
transpiration. Research over a wide variety of conditions
indicates that an average increase of about 22 percent in
water vield can be obtained trom areas where systematic
and timely harvesting ot timber 1s practiced

I'he best opportunities tor managing the forest cover
to produce an increased water supply are tound in the
National Forests m the western portion of the basin and

in the commercial timber zone. Precipitation in these

Forest Lands Serve Multiple Purposes, Including Grazing

arcas ranges from 20 to S0 inches annually. and half of
this appears as streamflow. Application of cover-type
conversion. watershed treatment. and water harvesting
techniques would also increase water yield from the
noncommercial timber lands which are generally i areas
18 to 30 inches of annual precipitation

Fimber supplies m the Missouri Basin can be
creased above the }‘lwlkkh'tl levels by acceleration of tree
planting. forest improvement thining. intensive torest
protection. and other forestry programs. Some of this
will be accomplhished through commercial harvesting by
torest-based industries: however, many of the measures
will requaire a substantial mvestment of funds and several
decades of time tor appreciable mcreases m allowable

annual timber cuts. Most of such development will be in

the National Forests in the west and on private lands n

the southeastern portions of the basi
With the harvesting of desirable annual cut. there arc
opportunities of treating 1 .950.000 acres and mcreasing
the average annual stream tlow 436.000 acre-tect by

2020
i

There is an increased need and oppor

avatlable for mtensitving land management

ment programs on forest and rangelands o
State. as well as private ownerships. These opportunities

include  land  treatment  and  watershed  protection
t

measures. development tor recreation
improvement of wildhte habutat, and provision ot access
to blocks of Federal and State lands tor mereased publi

use. The greatest possibilities are on Federal Lan
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Tables 47 to 55 —

Tables 56 to 63 —

Table 64 —

STATISTICAL SUPPLEMENT

Current and Projected Private Agricultural
Crop Acreage and Production — Missouri
Basin and Subbasins

Current and Projected Forestry Data

Current Land Conservation Treatment
and Needs
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Table 47 — PRIVATE AGRICULTURAL CROP ACREAGE AND PRODUCTION, MISSOUR! BASIN

Prod’n Current Normal 1980 2000 2020
— el
Crop Unit Acrer[ Production | Acres , Production ’\"""i_l Production | Acres | Production
(Thousand Units)
NONIRRIG. CROPLAND
Ail Wheat Bu. 19,892 424,155 22.630 628,624 [ 22.246 726.864 | 22,179 802.339
Rye Bu. 721 13,258 650 16911 691 22,380 839 29.864
Corn Grain Bu. 13,045 682.676 | 12,500 965.553 | 14.145| 1.297.320| 16,226 | [.596.932
Corn Silage Equiv. Ton 2,903 18,154 2,655 21.180 2,385 27.070 2.786 36.673
Sorghum Grain Bu. 3,674 151.140 4 485 254313 5.891 400925 7.101 568.095
Oats Bu. 6.631 218.646 55753 263,247 4.337 245.380 2,939 175.778
Barley Bu. 4973 97.49S 3.204 88.660 2.296 TSASS 2,337 79.165
Alfalfa Hay Equiv. Ton 10,375 16.525 9438 18.261 9.007 20.600 | 11.365 29.065
I'laxseed Bu. 1.379 13,457 1.104 9962 1.034 12,901 1.105 17.186
Soybeans Bu. 3.166 85.666 3406 117.325 3713 145621 4573 175412
Dry Beans Cwt., 6 24 5 b7 5 15 12 64
Potatoes Cwt. 10 684 10 686 7 657 21 1.367
Sugar Beets Ton 0 2 0 7 2 35 223 4.641
Cropland Pasture F.U. 2646 | 3960411 2,629 5.245.369 2618 6.002.878 2465 | 6.273.820
Other Crops Harv. 417 418 -~ 414 350
Summer Fallow .- 14,583 ---| 15.346 - 14.905 ---| 14489
Idle Cropland --- 4.830 .- 4805 -n- 4.742 4619
Reserve ldle -- 8.342 7.158 - - 6.653 0
TOTAL 96.893 96.196 95.091 93.629
IRRIGATED CROPLAND
All Wheat Bu. 204 6.700 164 8.469 159 10,003 120 9 485
Corn Grain Bu. 1918 163.106 1.703 217.300 (613 265.363 1424 279.071
Corn Silage Equiv. Ton 508 7.294 482 7968 382 7.254 402 9.386
Sorghum Grain Bu. 385 33.852 569 70.286 628 100.583 797 §52.139
Barley Bu. 690 30.566 528 34518 599 48,943 378 35.817
Alfalfa Hay Equiv. Ton 1.937 5.103 1.729 5.819 1.693 6.620 1.701 7942
Soybeans Bu. 20 604 65 2.248 23 1.075 10 454
Dry Beans Cwt 213 3518 220 4.287 283 5.708 365 7.714
Potatoes Cwt 45 8.263 34 6.084 34 8.612 X7 11.381
Sugar Beets Ton 375 5.748 586 10918 886 17.885 972 20981
Cropland Pasture FU. 156 454197 15§ 586.038 152 684.163 143 768.889
Other Crops Harv., .- 39 - 38 - 34 - 24 ---
Idle Cropland - 204 - 204 201 190
Reserve Idle -- 208 - 360 49 0
TOTAL 6.896 6.837 6.736 6.553
CROPLAND TOTAL 103.789 103,033 101.827 100,182
Wild (Native) Hay Ton 6.548 5612 6.532 6.748 6.507 7,202 6.489 7.725
Pasture & Range .U, 146,116 | 55,386,609 | 145.688 | 69.978.733 | 145,179 | 79.699.262 | 144 355 | 85.192.110
GRAZING TOTAL 152.664 152.220 151.686 150.844
FOREST TOTAL F.U. 13.654 | 1.602,323 | 13493 1.809.723| 13350 1.879.143| 13.102] 1.959.992
Other Ag. Land 3.561 3.530 3479 3311
TOTAL AG. LAND 273.668 173.276L 270342 267499
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Table 48 — CROP ACREAGE AND PRODUCTION, UPPER MISSOURI SUBBASIN

Prod’n Current Normal 1980 2000 2020
Crop Unit | Acres | Production | Acres J Production | Acres l Production | Acres J Production
(1.000 Units)
NONIRRIG. CROPLAND
All Wheat Bu. 3.376 67,519 3,692 88.231 3.815 106.205 3.805 106.500
Rye Bu. Sl 562 24 505 20 488 14 383
Corn Grain Bu. * 7 * 14 1 35 9 SIS
Corn Silage Equiv. Ton 10 38 29 180 30 244 43 431
Sorghum Grain Bu. 0 .- 0 -- 0 .- 0 -
Oats Bu. 127 3.796 142 5.701 116 S8l 329 25.347
Barley Bu. 1.364 30,017 981 24713 703 20.788 585 15.660
Alfalfa Hay Equiv. Ton 497 435 504 527 470 591 509 955
Flaxseed Bu. 23 138 29 129 16 61 31 122
Soybeans Bu. 0 0 0 0 0 0 0 0
Dry Beans Cwt. 0 0 0 0 0 0 0 0
Potatoes Cwt. 0 0 0 0 0 0 0 0
Sugar Beets Ton 0 0 0 0 0 0 0 0
Cropland Pasture F.U. 1 599 1 787 1 890 ! 1.196
Other Crops Harv. - 1S 115 115 105
Summer Fallow asa 3.734 3375 1489 on ‘ 3977
Idle Cropland - 479 487 - 482 &) 476
Reserve Idle - 0 367 - 472 = 0
TOTAL 95157 9.746 9.730 | 9.684
IRRIGATED CROPLAND ‘
All Wheat Bu. 10 350 S 324 4 320 S 444
Corn Grain Bu. l 43 > 44 2 50 1 [
Corn Silage Equiv. Ton 1l 155 13 233 12 220 9 218
Sorghum Grain Bu. 0 0 0 0 0 0 0 0
Barley Bu. 343 15413 242 15.698 282 23,109 235 21.789
Alfalfa Hay Equiv. Ton sS4 [.249 467 (373 462 | 1492 320 1.875
Soybeans Bu. 0 0 0 0 0 4] 0 0
Dry Beans Cwit. 2 24 4 70 4 82 15 280
Potatoes Cwt. 4 555§ 3 503 3 568 3 592
Sugar Beets Ton 15 216 SS 975 121 2.204 114 1.974
Cropland Pasture EU. 17 42825 17 63.967 17 76.962 17 86.954
Other Crops Harv. .- 0 0 0 0 0 0 0 0
Idle Cropland -- 29 -- 29 --- 29 27| --
Reserve Idle - 2 115 13 1 “a 0|
TOTAL 953 950 947 946
CROPLAND TOTAL 10.710 10.696 10677 | 10,630
Wild (Native) Hay Ton 2064 264 264 264 | 254 290 64 311
Pasture & Range F.U. | 25258 | 5.946.397 | 25.236| 7.213.948| 25.209| 8.162.015| 25.179| 8.876.459
GRAZING TOTAL 25,522 25.500 25463 25443 |
Grazed Woodland F.U. 1.356 169 442 1.354 177.374 . 1,362 156714 1.349 192 854
Non-grazed Woodland --- 608 .- 606 -- 603 ias SO e
FOREST TOTAL 1.964 1.960 1.957 1.940 r
Other Ag. Land 254 253 252 251
L [
TOTAL AG. LAND 38450 38409 | 38.349 I 38264
- ! RSN T ad - ! il i

“Less than 500 acres.




Table 49 — CROP ACREAGE AND PRODUCTION, YELLOWSTONE SUBBASIN

Prod’n Current Normal 1980 2000 2020
Crop Unit | Acres lProduction Acres I Production | Acres l Production | Acres ]Pmduc(iovn
(1,000 Units)

NONIRRIG. CROPLAND
All Wheat Bu. 683 13.663 766 19.884 782 23.778 660 22423
Rye Bu. 6 112 7 173 14 376 I3 340
Corn Grain Bu. 5 111 6 206 6 268 9 537
Corn Silage Equiv. Ton 16 62 b 42 9 62 7 49
Sorghum Grain Bu. 0 0 0 0 0 0 0 0
Oats Bu. 59 1.834 63 2.820 49 2.805 158 12.600
Barley Bu. 1192 4.041 157 4.004 149 4.986 152 4.569
Alfalta Hay Equiv. Ton 300 248 262 234 245 270 538 822
Flaxseed Bu. 7 36 6 19 3 19 4 20
Soybeans Bu. 0 0 0 0 1] 0 0 0
Dry Beans- Cwt 0 0 0 0 0 0 0 0
Potatoes Cwt ¥ .- * 3 * 3 + —
Sugar Beets Ton 0 0 0 0 0 0 0 0
Cropland Pasture I.U. 24 15.550 24 18,393 24 20470 24 21,772
Other Crops Harv. .- 15 -- LS -- 15 = 11 -
Summer Fallow .- 816 --- 152 -- 765 --- 621
Idle Cropland L7 117 i g 93 S
Reserve Idle 103 152 125 - 0 S
TOTAL 2.343 2,335 2.305 2.290

IRRIGATED CROPLAND
All Wheat Bu. 60 2,100 40 2.149 16 2.390 27 2,285
Corn Grain Bu. 9 659 633 5 454 S 530
Corn Silage Equiv. Ton 44 524 42 630 3§ 496 33 726
Sorghum Grain Bu. 0 --- 0 0 0 0 0 0
Barley Bu. 237 10.893 202 13.716 213 17.958 91 9.245
Alfalta Hay Equiv. Ton 436 988 337 984 344 1.190 299 1,213
Soybeans Bu. 0 0 0 0 0 (0 0 0
Dry Beans Cwt. 58 874 56 1.033 70 1.341 196 4.239
Potatoes Cwt. 2 299 2 343 2 403 1 300
Sugar Beets Ton 94 1.384 131 2.347 208 4.028 235 4.602
Cropland Pasture I.U. 42 104.717 41 133.128 41 156.806 41 72733
Other Crops Harv., -- 3 . 3 e 3 e 3 G
Idle Cropland 30 - 30 == = 30 - 28
Reserve [dle - 16 130 --- 18 0 ---
TOTAL 1031 1.021 1.005 939

CROPLAND TOTAL 3.374 3.356 3.310 3.249
Wild (Native) Hay Ton 121 110 121 125 121 140 120 150
Pasture & Range FU. (24212 4052416 | 24164 | 5.274.284 | 24,101 | 6.079.426 | 24.00] | 6.592.143
GRAZING TOTAL 24333 24285 24222 24,121
Grazed Woodland B 13507 143 864 1.358 153.160 L3581 161.150 1.338 167.876
Non-graz:d Woodland 193 .- 193 --- 192 --- 192 ---
FOREST TOTAL 1.550 1.548 1.543 1.530

Other Ag. Land 91 91 91 90

TOTAL AG. LAND 29.348 29,280 29.166 28.990

- et e e e o

*Less than 500 acres.
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Table 50 — CROP ACREAGE AND PRODUCTION, WESTERN DAKOTA SUBBASIN

Prod’n Current Normal 1980 2000 2020
Crop Unit | Acres ]Production Acres IProduction Acres l Production | Acres Production
(1,000 Units)

NONIRRIG. CROPLAND
All Wheat Bu. 2,224 40,028 2524 57,757 2.358 64.625 2,620 66.174
Rye Bu. 77 1.234 53 1.003 98 2.869 129 3.344
Corn Grain Bu. 168 3.025 119 3,227 134 4.795 308 10.888
Corn Silage Equiv. Ton 480 1.603 435 1.974 360 2.208 375 2.786
Sorghum Grain Bu. 60 1.016 47 1.367 59 2,176 161 5456
Oats Bu. 740 19,233 526 18.636 353 15.580 502 23.075
Barley Bu. 544 11978 391 10,398 257 8.868 177 7.118
Alfalta Hay Equiv. Ton 1.633 1.651 1.430 1.600 1.281 1.760 1.437 2,619
IFlaxseed Bu. 86 604 75 446 70 478 147 1.178
Soybeuans Bu. o 1 g 6 * 12 8 197
Dry Beans Cwt. 0 0 0 0 0 0 0 0
Potatoes Cwt. 4 251 - 240 3 229 4 301
Sugar Beets Ton 0 4] 4] 0 0 i 0! 0 0
Cropland Pasture FU, 184 208.294 183 263.530 181 297.315 | 181 310.825
Other Crops Harv. .- 30 30 - 30 R 30 .-
Summer Fallow --- 2078 --- 2422 --- 2264 | = 1 2530
Idle Cropland --- 454 .- 454 --- 450 - 443
Reserve Idle 335 392 1,154 - 0
TOTAL 9.097 9.085 9.072| | 9.049

IRRIGATED CROPLAND |
All Wheat Bu. 11 420 11 563 11 676 9 664
Corn Grain Bu. 1S 983 8 724 8 906 | 14 1.904
Corn Silage Equiv. Ton 16 161 16 200 12 178 i 22 702
Sorghum Grain Bu. 3 147 4 256 4 328 | 1 109
Barley Bu. 7 308 ) 547 9 707 9 804
Alfalta Hay Equiv. Ton 96 234 82 267 76 292 78 344
Soybeans Bu. 0 0 0 0 0 0 0 0
Dry Beans Cwt. 2 40 S 3 s 108 S 103
Potatoes Cwit. 4 S04 4 570 3 569 2 384
Sugar Becets Ton 9 116 5 97 27 510 21 472
Cropland Pasture 3L 3 27 13,295 27 93.693 26 108.045 26 119,739
Other Crops Harv. --- 1 --- 1 --- 1 =% 1 ---
Idle Cropland - % 6 - 6 . 6
Reserve Idle 0 .20 8 --- | 0
TOTAL 198 198 196 | 194

CROPLAND TOTAL 91295 9.283 9.268 | J 9.243
Wild (Native) Hay Ton 1.062 746 1.061 853 1.060 , 959 | 1.059 992
Pasture & Range F.U. | 30,615 | 9.883.731 | 30.585 (12,776,672 | 30.534| 14.845.185 i 30462 1 16.361.154
GRAZING TOTAL 31,677 31.646 31.594 | ‘ 31.521
Grazed Woodland PL.U. 908 139.883 908§ 147515 Q00 156461 | 895 163416
Non-grazed Woodland --- 69 --- 68 - - 66 - - ‘ 6S &=
FOREST TOTAL 977 973 966 960

Other Ag. Land 209 208 208 200

TOTAL AG. LAND 42,158 42110 42033 41.924 |

*Less than 500 acres.




Table 51 — CROP ACREAGE AND PRODUCTION, EASTERN DAKOTA SUBBASIN

Prod’ Current Normal 1980 2000 2020
od’n
Crop Unit | Acres ]Pruducliun Acres ll’mducliun Acres TProduction Acres 1 Production
(1,000 Units)
NONIRRIG. CROPLAND
All Wheat Bu. 3.074 61472 3.949 92.798 3727 104.359 3.645 129907
Rye Bu. 294 6468 289 K.830 265 9974 225 9.008
Corn Grain Bu. 3.358 141,051 3.059 183.558 3347 237623 5.643 368.648
Corn Silage Equiv. Ton 626 3.523 616 6935 579 8.074 628 11.087
Sorghum Grain Bu. 101 2914 241 14.290 300 21.565 1. 213 107.834
Oats Bu. 2889 106 904 3813 143,108 2467 152973 [.183 | 70.598
Barley Bu. 1.117 30.145 863 28.023 583 2P 553 844 28.876
Alfalfa Hay Equiv. Ton 2.384 4.077 2.140 4455 2.276 5.581 671 7951
Flaxseed Bu. ;285 12.548 965 8.919 936 12,152 919 15.724
Soybeans Bu. 357 7487 402 12456 S08 16.246 90 13471
Dry Beans Cwit. 0 0 0 0 () 0 0 0
Potatoes Cwt. 2 103 2 88 1 S0 1 54
Sugar Beets Ton i ® B 1 1 4 13 283
Cropland Pasture B 349 SI.134 346 671.889 340 7723517 335 837.800
Other Crops Harv. --- 5 - 5 --- 3 - 3 -
Summer Fallow - 1,932 .- 2.768 .- 2405 - 1.642 --
Idle Cropland --- 1.045 - 1.044 .- 1.043 - 1.040 -
Reserve Idle 2,101 1.336 1.952 0 -
TOTAL 20,889 20.838 20.740 20.597
IRRIGATED CROPLAND
All Wheat Bu. " 4 t 8 ’ 10 0 0
Corn Grain Bu. 1S 914 8 663 5 835 9 1.144
Corn Silage Equiv. Ton 8 101 6 90 s 88 6 124
Sorghum Grain Bu. I 35 1 104 1 13 2 41
Barley Bu. 3 146 3 230 3 286 3 325
Alfalfa Hay Equiv. Ton 67 226 76 312 68 340 64 373
Soybeans Bu. i 13 - 15 * 18 ¥ 20
Dry Beans Cwt. 5 81 2 43 6 128 15 315
Potatoes Cwt. 1 57 * 74 ¥ 79 4 ---
Sugar Beets Ton 14 197 11 204 12 234 10 224
Cropland Pasture B 3 8445 3 12474 3 14.315 3 14.024
Other Crops Harv. --- 1 - I - ] - 1 --
Idle Cropland - 1 4 - 4 --- 4 --
Reserve Idle 0 5 6 0
TOTAL 119 118 117 115
CROPLAND TOTAL 21.008 20956 20857 20.712
Wild (Native) Hay Ton 1,529 1.376 1.528 1.680 1.527 1.832 1.524 1.951
Pasture & Range F.U. 11018 | 6911409 10997 | 8.50041K 10965 9615460 10936 | 10400.666
GRAZING TOTAL 12.547 12.525 12,492 12460
Grazed Woodland E.U. 110 42.893 110 46470 109 47961 107 48.667
Non-grazed Woodland -- 101 .- - 100 --- 100 S 100 e
FTOREST TOTAL 211 210 209 207
Other Ag. Land 594 593 590 S8S
; . 4 S T
TOTAL AG. LAND 5 34360 34,284 -_*2_414_%# el ot ,i'l‘,"fJL,_ L

“Less than 500 acres.
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Table 52 — CROP ACREAGE AND PRODUCTION, PLATTE-NIOBRARA SUBBASIN

Crop

Prod’n
Unit

NONIRRIG. CROPLAND
All Wheat
Rye
Corn Grain
Corn Silage Equiv.
Sorghum Grain
Oats
Barley
Alfalfa Hay Equiv.
Flaxsced
Sovbeans
Dry Beans
Potatoes
Sugar Beets
Cropland Pasture
Other Crops Harv.
Summer Fallow
Idle Cropland
Reserve [die

TOTAL

IRRIGATED CROPLAND
All Wheat

Corn Grain

Corn Silage Equiv.
Sorghum Grain
Barley

Alfalfa Hay Equiv.
Soybeans

Dry Beans

Potatos

Sugar Beets
Cropland Pasture
Other Crops Harv.
[die Croptand
Reserve Idle
TOTAL
'ROPLAND TOTAL
Wild (Native) Hay
Pasture & Range
GRAZING TOTAL

Grazed Woodland
Non-grazed Woodland

FOREST TOTAL
Other Ag. Land
TOTAL AG. LAND

-~

Bu.
Bu.
Ton
Bu.
Bu.
Ton
Bu.
Cwit.
Cwit.
Ton

Ton
EiU.

“Less than 500 acres.

Current Normal 1980 2000 2020
Acres | Production Acres | Production | Acres | Production | Acres [ Production
e
I . ) T e
(1,000 Units)
2.301 48.326 2.597 75.307 2,737 93.048% 3.220 135.824
156 2659 124 3.125 145 4.395 208 7.700
2.046 83.889 1.886 107.513 1.766 114510 1.685 143.600
372 2.166 370 1952 325 2552) 350 4.000
497 21,376 588 32.639 763 52.824 | 870 | 75420
789 23.663 669 28.181 429 21.805 | 205 | 12.503
438 8.750 329 8.503 257 5.489 300 | 12424
1,327 2,239 1275 2.603 1.401 3.327 1.800 ‘ 4.690
0 0 () 1 0 0 0| 0
140 349§ 277 9.144 337 12.139 535 21.818
4 15 4 13 4 12 11 57
¥ 36 .- 30 . 29 10 SO0
0 0 (] (] 0 0| (0 | 0
701 911.849 691 1.150.016 688 1.306.93% } 653 1.401.609
42] 42 41 30| ---
2273 ol il S ) 1.868 |
640 --- 636 S 625 ---| S80
1,124 | 1.184 945 - 0
12.850 1 12.760 12591 12.325
| {

70 1971 54 2460 57 3.260 29 [ 2276
945 77.488 785 97.852 799 127.542 609 | [18.345
261 | 3.734 284 4.370 226 4.185 240 5.026
104 8.979 169 19.883 180 27911 286 | 59.300

95 3.610 67 3963 87 6411 35 RREIY
689 f 1.898 637 2,350 616 2.561 630 3400

) 345 49 1.633 9 355 6| 243
132 ] 2.240 102 F971 153 3.108 115

30 | 6.190 21 3771 21 5481 5 | $
186 | 2934 329 6.208 367 7694 453 10,354

61 | 196.024 61 247493 59 287.395 N 38310

16 | -- 14 --- 12 3

85 | - 83 Nl 75

95 ‘ = 92 4 (0

2.784 2.747 2,671 2.546
15.634 15.507 15.262 14.871
3081 2.501 3.073 3,148 3.070 3214 3.062 3308
32,066 | 10.611,3331 31959|13978.018 | 31.770] 16.271,523 | 31.498 | 17.366.187
35.147 35.032 34 840 34,560
1410 136.751 1 406 144 870 1.387 151470 1.340 155.821
526 | 524 523 520
1936 1.930 ! 1910 1.860
621 618 612 ‘ 597
§3.338 53.087 s:,uuL S1888 |
e — — —_— —




Table 53 — CROP ACREAGE AND PRODUCTION, MIDDLE MISSOURI SUBBASIN

Prod’n Current Normal 1980 2000 2020
Crop Unit | Acres l Production | Acres ] Production | Acres ] Production | Acres Production
S (1,000 Units)

NONIRRIG. CROPLAND
All Wheat Bu. 450 13,052 598 24.076 614 28.937 459 23412
Rye Bu. 3 59 2 40 1 22 1 20
Corn Grain Bu. 4285 282.801 4.589 445,114 5463 611.856 S.11a 678.928
Corn Silage Equiv. Ton 225 2454 206 2.450 240 §.097 315 5.381
Sorghum Grain Bu. 310 17.643 384 30486 S16 49.194 624 68.528
Oats Bu. 1,216 41353 89S 41.585 489 27,390 275 20574
Barley Bu. 12 336 1 476 8 375 4 195
Alfalfa Hay Equiv. Ton 1421 3,135 1,299 3,652 L3172 3.810 1.580 4.969
Flaxseed Bu. 8 131 29 450 7 191 4 142
Soybeans Bu. 1.058 30,679 1.050 37.786 1.101 41.853 920 38.726
Dry Beans Cwit. 0 0 0 (0 () 0 0 0
Potatoes Cwt. 2 150 2 162 1 123 1 99
Sugar Beets Ton - 2 : 6 2 3l 210 4358
Cropland Pasture FU. 275 569,184 273 775.820 271 885,301 256 950.002
Other Crops Harv. --- 49 =im = S0 .- 49 .- 49 -
Summer Fallow - 7 --- * = .- * .-
Idie Cropland “-- 555 .- 550 540 .- 540 =
Reserve Idle 1.247 1.051 229 - 0 ---
TOTAL 11,116 10,989 10,703 10,348
IRRIGATED CROPLAND
Al Wheat B, 0 0 0 0 0 0 0 0
Corn Grain Bu. 69 6.093 60 7918 63 10,694 44 8.859
Corn Silage Equiv. Ton 124 14 389 6 154 17 668
Sorghum Grain Bu. L 468 7 941 8 1.404 25 5.051
Barley Bu. 0 0 0 0 0 (4] 0 0
Alfalfa Hay Equiv. Ton 2 ] 1 7 1 8 [ 5
Soybeans Bu. 2 65 7 305 10 534 1 39
Dry Beans Cwt. 0 0 0 0 0 0 0 0
Potatoes Cwt. 1 90 1 104 1 120 I 89
Sugar Beets Ton 12 150 2 46 3 69 3 70
Cropland Pasture FiU. * 417 * 622 i 699 * 781
Other Crops Harv. - 4 0 S 0 5 0 4 0
Idle Cropland - I - 4 -- 3 -- 2
Reserve tdle - 0 0 0 0 0 1] 0 0
TOTAL 103 101 100 98

CROPLAND TOTAL ‘ 11219 11,090 10.803 10446
Wild (Native) Hay | Ton 62 100 62 16 62 128 60 133
Pasture & Range . 24231 2,739.906 2400( 3,715,002 2.378| 4.196.586 2360 | 4,385,232
GRAZING TOTAL 2485 2462 2440 2420
Grazed Woodland I.U. S60 202.802 555§ 239 438 546 248.157 S3§ 252,760
Nongrazed Woodlund - 71 --- 69 - - 69 --- 67
FOREST TOTAL 631 624 615 602

Other Ag. Land 447 442 435 414

TOTAL AG. LAND 14.782 14.618 14.293 l‘.NHJJ

“Loss than S00 acres.
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Table 54 — CROP ACREAGE AND PRODUCTION, KANSAS SUBBASIN

Prod’n Current Normal 1980 2000 2020
Crop Unit | Acres | Production Acre.T[ Production | Acres -[ Production | Acres Ll’mducmm
(1,000 Units)
NONIRRIG. CROPLAND
All Wheat Bu. 6.799 149.751 7.316 219477 7077 249 097 ’ 6.230 218513
Rye Bu. 153 2,144 150 3,200 144 | 4220 248 9,049
Corn Grain Bu. 1.064 44673 878 53.212 939 | 71.620 I 1.335 128.601
Corn Silage Fquiv. Ton 949 6.130 799 5,864 682 | 6.574 | 838 9931
Sorghum Grain Bu. 2413 94,111 2842 149125 3,738 | 233998 | 3.842 270.746
Oats Bu. 289 7.236 241 7.894 161 6,458 | 177 7.047
Barley Bu. 505 9.591 398 9 835 269 7.900 255 9.188
Altalfa Hay Equiv. fon 998 2,052 908 2,071 780 2,060 990 2.909
Flaxseed Bu. 0 0 0 1l 0| 1l 0 (0
Soybeans Bu. 182 1.004 216 6.608 ‘ 221 334 | 833 27.442
Dry Beans Cwt 2 9 1 4 1 3 1 7
Potatoces Cwt 0 0 0 ( 4] ( 3
Sugar Beets Ton 0 0 0 0 (0 ( 0 0
Cropland Pasture F.U. 393 607.873 393 866.076 \‘ 390 905.535 375 950.147
Other Crops Harv. ~-- 73 .- 73 --- T2 50 .-
Summer Fallow ~-- 3.750 .- 3941 - 3857 | 4.051 --
Idle Cropland ~-- 1.030 .- 1.022 - 4 1.010 992
Reserve Idle 2.038 1.359 s=sis e 0 -
TOTAL 20,638 20,537 [ 20413 | | 20.239 t
IRRIGATED CROPLAND \ [ |
All Wheat Bu. 53 1.855 54 2.965 | 51 | 3377 50 | 3816
Corn Grain Bu. 863 76.841 834 109316 729 | 124,727 741 f 148.060
Corn Silage Equiv. Ton 158 2495 107 2.056 86 | 1,933 | 75 1.922
Sorghum Grain Bu. 272 24.203 388 49.100 435 | 70.806 45S 87.638
Barley Bu. 5] 196 5 369 S| 472 | 5 538
Alfalta Hay Equiv. Ton 133 S01 129 626 126 ‘ 737 109 732
Soybeians Bu. 6 181 9 295 4 | 168 | 3 152
Dry Beans Cwt 14 259 S 1.077 45 | 941 | 19 | 437
Potatoes Cwt 2 418 2 692 3 | 1.360 | 4| 2.177
Sugar Beets Ton 45 751 53 1.041 148 3046 | 136 | 3.285
Cropland Pasture |4 6 28474 6 34.661 | 6 | 39.941 | 6 | 56.348
Other Crops Harv. 11 .- I - 9 | am= 9 St
Idle Cropland --- Sl - 48 -- 48 | 48
Reserve Idle 5 84 .- 0 - 0 <‘ 0|
TOTAL 1.703 [.697 1.695 | 1.690
CROPLAND TOTAL 22,341 22,234 22.108 | 21929
| |
Wild (Native) Hay Ton 324 388 323 419 320 483 | 315 51§
Pasture & Range I.U. i3.295| 6.812.809| 13.237| 7.105.170 | 13,201 | 7.958.406 1 13.165 | 8.593.285
GRAZING TOTAL 13,619 13.560 13.521 | 13480
Grazed Woodland (3408 382 105,842 370 120,188 371 126.242 | 369 129.345
Non-grazed Woodland --- 215 --- 210 - 208 --- i 201
FOREST TOTAL 597 580 579 { 70
Other Ag. Land 552 S45 540 Si6
TOTAL AG. LAND 37.109 36919 36.748 36518
*Less than 500 acres.
K1




Table 55 — CROP ACREAGE AND PRODUCTION, LOWER MISSOURI SUBBASIN

Progn | Current Normal 1980 2000 2020
Crop Unit | Acres I Production | Acres ll’mduction l Acres l Production | Acres l Production
(1,000 Units)

NONIRRIG. CROPLAND
All Wheat Bu. 985 30.524 1188 ST.O084 1.136 56813 1.540 99 586
Rye Bu. 1 20 | 35 1 36 1 20
Corn Grain Bu. 2,119 127,519 1.963 172.709 2489 256.316 2,130 265,215
Corn Silage Equiv. Ton 225 2.178 192 1.783 160 2.259 230 3.008
Sorghum Grain Bu. 293 14.080 383 26 406 515 41.16X% 391 400111
Oats Bu. 522 14,627 404 15.322 273 12,558 110 6.034
Barley Bu. 101 2.637 74 2.708 S0 2.196 20 1.135
Alfalfa Hay Equiv. Ton 1815 2.690 1.620 3.319 1.382 3.201 1.840 4.150
Flaxseed Bu. 0 0 0 0 0 0 1l 0
Soybeans Bu. 1429 40.000 1 461 S15223 1.546 68.037 1.665 73.758
Dry Beans Cwt () 0 0 0 (0 O 1l U
Potatoes Cwt 2 144 2 163 2 193 - 410
Sugar Beets Ton 0 0 0 ( 0 1] 0| 0
Cropland Pasture 1 7191 1,135928 718 | 1.498 858 757 1923913 | 640 | 1.800.469
Other Crops Harv. 88 N8 87 70 |
Summer Fallow -- 0 0 0 1] 0 0 0| 0
Idle Cropland s10 — 495 - 475 455 |
Reserve Idle -- 1.394 --- 1307 704 - 0 (
TOTAL 10,203 9.906 9537 9.097 |

IRRIGATED CROPLAND 1
All Wheat Bu. 0 0 0 (0 0 ( o 0
Corn Grain Bu. 1 85 1 140 1 155 1 158
Corn Silage Equiv. Ton 0 0 0 0 (i « i (
Sorghum Grain Bu. 0 U 0 0 0 0 | 0 0
Barley Bu. 0 0 0 0 0 | 0 0
Alfalfa Hay Equiv, Ton 0 0 0 0 0 0 | (i 4
Soybeans Bu. 0 0 0 0 0 0 | 1l 0
Dry Beans Cwt. 0 0 0 0 Ul 0| 0 0
Potatoes Cwt. 1 50 1 27 [ 32 | I 58
Sugar Beets Ton 0 0 | 0 0 0 0 0 0
Cropland Pasture F.U. 0 0 0 0 0 0 0 0
Other Crops. Harv, -- 3 .- 3 -- 3 ‘ 3
Idle Cropland .- 0 - 0 S 0 == 0
TOTAL 5 5 S S

CROPLAND TOTAL 10.208 9911 9.542 9102
Wild (Native) Hay Ton 105 127 100 146 93 156 SS 165
Pasture & Range F.U. 7.229 | 8.428.608 7.010 | 11.415.221 7.021112.570.661 6.754 [ 12.616.984
GRAZING TOTAL 7.334 7.210 7014 6.839
Grazed Woodland v 3,103 660846 3.049 780.708 2987 800,988 2914 849.283
Non-grazed Woodlind - - 2,685 2619 --- 2584 --- 2519 o
FOREST TOTAL 5.788 5.668 5571 5433

Other Ag. Land 793 780 754 69

TOTAL AG. LAND 24,123 23,659 L_‘:.».«r 2077 §

“Less than 500 acres.




Table 56 — VOLUME OF GROWING STOCK AND SAWTIMBER ON COMMERCIAL FOREST LAND,
MISSOURI BASIN — BY SPECIES AND STAND S!ZE CLASSES, 1962

Species

Growing Stock

Total

] Poletimber

——

Sawtimber

Softwoods:
Douglas-fir
Ponderosa pine
True firs
Spruce
Lodgepole pine
Southern pines
Fastern red cedar
Other softwoods

Total Softwoods

Hardwoods:

2886453
2.900.379
768,728
2.300.,794
6,132,230
19.600
10,300
650.647
15.669.131

(Thousand Cubic Feet)

663.960
711,362
302480
353.305
934218
9.500
9,100
198942
182867

(5]

o

2.189.017
466.248
1.947 489
3.198.012
10,100
1.200
451,708
10.486.264

Select oaks 628.200 268.000 360.200
Other oaks 710.300 405.600 304,700
Hickory 165.700 101.600 64.100
Ash and Walnut 235.300 98.000 137.300
Cottonwood and Aspen 957.598 368.642 588.956
Other hardwoods 764.873 258.304 S06.569
Total Hardwoods 3461971 1.500.146 1.961.825
TOTAL 19,131,102 6.683.013 12.448.089
Sawtimber el R e
Species Total In Sawtimber Stands In Other Stands
(Thousand Board Feet!)
Softwoods:

Douglas-fir

Ponderosa pine

True firs

Spruce

Lodgepole pine

Southern pines

Fastern red cedar

Other softwoods
Total Softwoods

Hardwoods:
Select oaks
Other oaks
Hickory
Ash and Walnut
Cottonwood and Aspen
Other hardwoods
Total Hardwoods

TOTAI

Hnternational one tourth log rule.

|

10.876.713
10.061.321

10,737.652
64.500
7.500
255.018
174.850

toto

(5]

138.900
805,200
395.000
710.500
2.560.574
2.751.901
10.362.075

62.536.925

7.160.540
7 446 .668
1.881.206
9.920.123
939 ELTT
20,700
100
1.650.833
37.672.347

633,900
120200
284 900
SS8.100
243,871
211,212

R.054.183

P

45.726.530

817.529
6.362,228
43800
6400
604,185
14.502.503

S03.000
685,000
110,100
152400
316,703
S40.689

2.307.892

16.810.395
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Table 57 — VOLUME OF GROWING STOCK AND SAWTIMBER QN COMMERCIAL FOREST LAND,
MISSOURI BASIN, 1962

Ownership Class All Species Softwoods Hardwoods
GROWING STOCK
(Thousand Cubic Feet)
Federal
National Forests 11.918.947 11,648,903 270,044
Bureau of Land Management 539,589 508.269 31,320
Other Federal 50,613 10,569 40.044
State, County, and Municipal 422,698 363.740 58,958
Private:
Indian 263413 216,721 46.692
FForest Industry 4.500 500 4.000
Other Private? 5§.931.,342 2,920,429 3.010913
Total All Ownerships 19,131,102 15,669,131 3461971
SAWTIMBER
(Thousand Board Feet!)
I'ederal:
National Forests 39,073,409 38,793913 279.496
Bureau of Land Management 1,708,189 1.654.950 53,239
Other Federal 183,757 30.284 153473
State, County and Municipal 1.347,340 1,214,122 133.218
Private:
Indian 804,941 670,032 134909
Forest Industry 11,500 1,500 10.000
Other Private? 19.407.789 9.810.049 9.597.740
Total All Ownerships 62,536,925 §2.174 850 10,362,078

International one-fourth inch log rule.

2Includes farmer-owned.
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Table 58 — VOLUME OF SAWTIMBER ON COMMERCIAL FOREST LAND, MISSOURI BASIN, 1962

Diameter Class
(Inches at Breast Height)
All 9.0 - 11.0 - 13.0 — ]
Species Classes 10.9 129 14.9
(Thousand Board Feet!)
Softwoods:
Douglas fir 10,876.713 2.146 464 1.462.294 1.494.773
Ponderosa pine 10,061,321 2.084.871 1.832.837 1.765.238
True firs 2.218.741 867.327 501.707 352,683
Spruce 10,737.652 1.174.387 1.473.271 1.603.693
Lodgepole pine 15.953.408 6.695.752 3,932,715 2.631.094
Southern pines 64.500 31.100 16.000 12,700
Eastern red cedar 7.500 2.900 1 900 1.700
Other softwoods 2,255,018 699.234 436426 369.753
Total Softwoods 52,174 850 13.702.035 9.657.150 8.231.634
Hardwoods:
Select oaks 2.138.900 ---2 649.800 491.400
Other oaks 1.805.200 —as S05.400 338.000
Hickory 395.000 - 97.200 89.600
Ash and Walnut 710.500 R 154.600 195.700
Cottonwood and Aspen 2.560.574 --- 524.004 290905
Other hardwoods 2,751:901 - 459.824 385.745
Total Hardwoods 10.362.075 A T 2.390.828 1.841.350
All Species 62.536.925 13.702.035 12.047.978 10.072.984
15.0 - 17.0 - 19.0 - 21.0 &
Species 16.9 18.9 20.9 Larger
(Thousand Board Feet!)
Softwoods:
Douglas fir 1.466.381 1.096.373 847.256 2.363.172
Ponderosa pine 1.549.532 1.163.280 768.582 896981
True firs 261.769 130,678 50,553 54.024
Spruce 1.580.151 1.328.383 1.061.034 2.516.733
Lodgepole pine 1.480.194 733.264 282.817 197.569
Southern pines 4.300 e 100 s
Fastern red cedar 1.000 sl Iy .y
Other softwoods 284 121 190,671 93 866 180947
Total Softwoods 6.627 448 4.642.649 3.104.508 6.209.426
Hardwoods:
Select oaks 363,400 207.300 171.700 255,300
Other oaks 269.500 187.500 157.500 297 300
Hickory 80,100 57.300 35.200 35.600
Ash and Walnut 145.900 89 400 68.200 §6.700
Cottonwood and Aspen 285.207 254.747 253,573 952.138
Other hardwoods 444638 318492 346.602 796 600
Total Hardwoods 1.588.,745 1.114.739 1.032,775 2.393.633 :
All Species 8.216.193 5.757.388 4.137.283 R.603.064

I‘Illl\'rll.llltill.ll one-fourth mch log rule.
“Minumum diameter breast high: softwoods 9.0 inches: hardwoods 11.0 mches.




Table 59 — NET ANNUAL GROWTH OF TIMBER ON :
COMMERCIAL FOREST LAND, Table 60 — TIMBER CUT ON COMMERCIAL FOREST |

MISSOURI! BASIN, 1962 LAND, MISSOUR! BASIN, 1962
Species Growing Stock Sawtimber Species Growing Stock Sawtimber
(Thousand (Thousand (Thousand (Thousand
Cubic Feet) Board Feet') Cubic Feet) Board Feet!)

Softwoods: Softwoods: 1
Douglas fir 26,646 91,027 Douglas fir 11,029 75.679 |
Ponderosa pine 50,570 178,562 Ponderosa pine 18.501 88.907
True firs 2,822 73301 True firs 594 3,258
Spruce 22,340 107.899 Spruce 6.139 33,939 ‘
Lodgepole pine 66,093 144.067 Lodgepole pine 29,242 170.497 |
Southern pines 490 2,390 Southern pines 389 1.724 1]
Eastern red cedar 930 730 Eastern red cedar 243 713 ]
Other softwoods 6.566 23874 Other softwoods --- -

Total Softwoods 176.457 541.218 Total Softwoods 66.137 374717

Hardwoods: Hardwoods: ]
Select Oaks 24 300 106.840 Select oaks 16,207 76.123
Other oaks 22470 50.680 Other oaks 6.858 31.982
Hickory 9.070 18,050 Hickory 1,221 4472
Ash and Walnut 14,890 53.818 Ash and Walnut 3,222 15.892 |
Cottonwood and Aspen 18.134 57.234 Cottonwood and Aspen 4 467 25455
Other hardwoods 41.080 133,252 Other hardwoods 6.08S 25.652

Total Hardwoods 129,944 419.874 Total Hardwoods 38.060 179.576
TOTAL 306401 961.092 TOTAL 104.197 554.293
Hnternational one-fourth inch log rule. Hinternational one-fourth inch log rule.
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Table 61 — TIMBER CUT, GROWTH, AND INVENTORY OF GROWING STOCK ON COMMERCIAL
FOREST LAND, MISSOURI BASIN — 1952, 1962, AND PROJECTIONS

Species Group 1952 l 1962 T 1980 2000 _l
(Thousand Cubic Feet)
lnvcntur_vl
All Species 13,400,455 19.131,102 22,595,500 26.740.400
Softwoods 10,758.403 15.669.131 17.418.900 19,394 .800
Hardwoods 2,642,052 3461971 5.176.600 7.345.600
Growth?
All Species 233,114 306,401 409,700 §22,200
Softwoods 139,689 176,457 232,900 290.800
Hardwoods 93425 129944 176 800 231.400
Cut3
All Species 91,856 104,197 196 400 305.700
Softwoods 44 202 66,137 131,800 187.800
Hardwoods 47,654 38,060 64.600 117.900

2020

30.,984.600
21.516.000
9.468.600

626.300
338.400
287.900

401.400
223,700
177.700

_l’.‘\s of January 1, 1953 and 1963.

“The growth in 1962 is gross growth reduced by current mortality. For other years, growth is reduced by average mortality.
The cut in 1962 is timber harvested. For other years, it also includes volume “lost™ due to flooding. land clearing, and
land reclassification.

Table 62 — TIMBER CUT, GROWTH, AND INVENTORY OF SAWTIMBER ON COMMERCIAL
FOREST LAND, MISSOURI BASIN — 1952, 1962, AND PROJECTIONS

Species Group 1952 1962 1980
(Thousand Board Feet?)

Inventory !

All Species 48.699.274 62.536.925 67.834 400

Softwoods 40.047.537 52,174 860 54.379.800

Hardwoods 8.651.737 10.362.075 [3.454.600
Growth

All Species 743.042 961.092 1.138.500

Softwoods 424 541 541.218 636400

Hardwoods 318,501 419.874 452,100
Cut

All Species 318,340 5§54.293 ®77.400

Softwoods 154,565 374,717 581.700

Hardwoods 163.775 179.576 295.700

om0 |

71.700.900
5§5.969.900
15.731.000

1.315.100
800,300
514,800

1.145.200
735.500
409.700

TAs of January 1, 1953 and 1963.

International one-fourth inch log rule.

2020

73.604.100
56,977.200
16.626.900

1.430.700
855.800
574900

365400
810,400
$55.000




Table 63 — ESTIMATED EMPLOYMENT IN TIMBER-BASED MANUFACTURING INDUSTRIES,
MISSOURI BASIN — 1952, 1962, AND PROJECTIONS

Year IR
Industry 1952 ] 1962 1980 2000 l 2020
(Thousand Employees)

Lumber and Wood Products! 7.8 8.9 10.3 109 ’ 11.9
Sawmills and Planing Mills 4.2) 44 “ 8 461 4.5)
Veneer and Plywood Plants (0.1) (0.1) (0.3 (0.5) (0 6)
Other (3.5) (4.4 $6.2) | (5.8) (6.8)

>

Pulp, Paper. and Allied Products® 6.3 8.2 13.2 £7.5 19.1

Timber Hur\c\ung_'j 61 51 1 6.7 X0 9.6

Missourt Basin 20.1 22.2 | 290 17 9 313

Hncludes employment at veneer and plywood plants, sawmills, shingle mulls, cooperage stock mulls, and plamme malls engaged in

producing lumber and wood basic materials: and estabhshments engaged in manutacturimg hinshed artcles made entirely or

mainly of wood. (Major group 24 excluding code No. 241 as defined by the Bureau of the Census.)

2Includes employment at establishments manufacturing pulp primarily from wood and from rags and other fihers. comverting
these pulps into paper or board: and the manufacture of paper and paperboard into converted products such as coated paper
paper bags, paperboard boxes, and enveiopes. (Major group 26 defined by the Bureau of Census)

3includes employment in timber harvesting derived by dividing output of cach product by annual cutput per employee. This
includes the emplovment reported by S.LC. Code No. 241,

Table 64 — CURRENT LAND CONSERVATION TREATMENT AND NEEDS
PRIVATE AND FEDERAL AGRICULTURAL LAND
MISSOURI BASIN

Land Needing
Proper Management
Total Adequately Proper Management & Vegetative & or
Item Total Treated Practices Only Mech. Practices
(Acres)! (Acres)! (%) (Acres)’ ) (Acres)! (%)
Private Land?
Cropland 103.789 37.902 36 31.600 31 34,227 i3
Pasture & Range [52.664 62.136 41 65496 43 | 25,032 le
Forest & Woodland 13.654 6.879 50 5.356 39 1.419 11
Other Ag. 3.561 2932 82 262 s 367 10
Total 273.668 109,849 40 102.774 38 61.045 22
Federal Land
Pasture & Range 24170 13.787 37 6.781 28 3602 15
Forest & Woodland | 14,432 11577 80 1,729 £2 1,126 8
| B ottt L 2L A —
Missouri Basin | 38.602 25.364 66 8.510 22 4728 2 12

! Ihousands
Includes Statc, county, and local government lands.
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CHAPTER 3

MUNICIPAL, RURAL DOMESTIC,
AND INDUSTRIAL WATER SUPPLY

The objectives of this chapter are (1) to examine
present municipal and industrial water utilization. (2) to
project future municipal. rural-domestic and industrial
water demands. and (3) to compare existing system
water service capability and quality of water supply with
a rated normal to indicate areas of system inadequacy.

To establish information for this study all existing
water utilization data available were tabulated. then sent
to the appropriate States for their review. revision.
updating, and return. The States were asked particularly
to include any available information on industrial water
supplies. Additional industrial data were obtained from
the Bureau of Census. the Bureau of Mines. and the
Federal Power Commission

Water quality criteria were developed for municipal

and domestic and industrial water uses. The quality of

existing sources of supply was then compared with these
criteria. These planning criteria were established prior to
the adoption of Federal-State water quality standards,
but are quite similar to the official standards which have
since been adopted and approved.

WATER REQUIREMENTS

Rates of municipal water use vary greatly throughout
the basin. The climate. as affected by altitude and
humidity, influences the per capita water use
significantly. The rate is affected also by such items as
lawn sprinkling. kitchen and sanitary uses. and the
amount of commercial use by industries. Within the
basin per capita use varies from 11 to 720 gallons per
day. For uniformity in planning rates were selected for
the size of the community and its general geographical
area.

Planning Criteria

Climatic differences were allowed tor i the planning
criteria by establishing demand variance according to the

Precipitation Effectiveness Index (P.E. )!. The P.E.L
was devised to express that part of precipitation which is
effective in meeting moisture requirements of plants. A
44 P.E.l. was established to approximate the geographic
limit below which lawn sprinkling and shrub and garden
irrigation are important parts of municipal water
requirements.  The location of this value roughly
coincides with that of a line representing 22-inch average
annual precipitation. and is shown on figure 18.

Cities over 10,000 population were inventoried to
determine present average water use. Where present use
was in excess of 125 to 150 gallons per capita per day a
check was made of industrial water use and unit values
adjusted accordingly. These adjusted values then became
the future per capita demand criteria  tor the
community.

For communities under 10.000 population. the
following future water demand criteria were adopted.

Places of 2,500 to 10.000 population:

East of 44 P.E.L. line 125 g/e/d
West of 44 P.EL. line 150 g/e/d
FIGURE 18

PRECIPITATION EFFECTIVENESS INDEX LINE

'For further mformation refer to page 102 of USDA Yem
book for 1941




esmlma,

Places with less than 2.500 population
East of 44 P.E.L. line 80 g/c¢/d
West of 44 P.E.L. line 120 g/e/d
Rural homes:
With pressurized system 50 g/c/d
Without pressurized system 10 g/¢/d

Where average water use figures were currently
greater than those shown. a check was made of industrial
water uses, and the values adjusted accordingly

Following adequate treatment of all wastes, the
return flow will be:

Places greater than 10,000 population based on exist-

ing data.

Places of 2,500 to 10.000 population: Return flow

ot 100 g/c/d

Places with less than 2500 population: Return tlow

of 75 g/e/d

Some communities with less than 10,000 people
currently use more water than the limits established by
criteria. When this occurred it was assumed that all
excess diversion was consumptively used.

Present Water Service

The 1965 basin population was estimated to be
8.560.000 persons, with 3,180,000 or 60 percent
residing in 231 urban places’ and 3.380.000 persons

P

o

o e e

classed as rural. Farm residents were 1.340.000 and rural
nonfarm residents. 2.040.000
T'he water supplies tor the majority of the cities and

quite good. The

towns noted i table 65 generally dre

principal pluhlum confronting these communities is that
of providing water to the new homes bemg built
generally in subdivisions on  the penphery ot the

populated areas. Six such places have iimited supplies
and are torced. in times of drought, to raton water
during peak use periods.  Efforts are  underway
continuously to improve either the source of supply o1
the distribution system.

Denver. one of the largest cities in the basin. imports
water from outside the Missouri River Busin. Supplies
are adequate for the present population: however, 1t is
anticipated the growth of this area will necessitate
development of new supplies

Development ot water supplies i the rural sector ot
the basin has lagged behind the urban sector. although
rather dramatic improvements in the rural supplies have
been made recently. The nearly 2400 mcorporated
villages and towns i the Missourt Basin range 1n
population from 2.500 down to about 735 persons. with
an aggregate population shightly over 1.1 mullion. Over

1.500 of these places have central water systems serving

I An urban place is defined as having a population of over
2.500.

The Missouri River And Many Tributaries Are An Important Source of Municipal Water
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Table 65 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE
MISSOURI BASIN

[ | 1 Number of
Supplies
Total Ranges of Improved Requiring
Number of Population Per Capita Quality Inadequate Additional
Source of Supply Supplies | Served Use Desired Quantity Treatment
| (1000) (gped)
Surtace Water 209 | 3378 29-558 11 - 6
(193)* (2989)
Ground Water 1514 2184 11-720 414 6 125
(1200 (1525) |
Combined Ground and ‘
Surface Water 50 718 51344 | 10 3
Total | 1773 6280 | 1720 | 435 6 134
| (1393) | @s14) | | | |

Where Satisfactory Ground Water Is Unavailable. §
the Tank Wagon Is Being Replaced By
Modern Water Svstems 1
Some industries obtain their water supply  fro
municipal systems and are considered as " the ;
present and future municipal water demand
Industrial water use data are limited. Only actual
available records were used in the study. There were 349
Shallow Impr‘()perll\ Developed Wells industries reported to  have separate  water supply
Are Unsafe For Domestic Use systems, 127 being for cooling water only . Consumptive
1.030.000 people. About 800 places with a total use is small for some types of industry and the return
population of 97.000 do not have a central water flow is available tor reuse downstream. Some industries
operate on a seasonal basis. The municipal and mdustrial 3

supply. In the rural sector. there are about 2.253.000
. ; water evaluation includes all water requirements of these
people that live in individual households. in unincorpora- p

(349) industrial plants. The number of idustries

ted places. or on tarms. Ot this amount. approximately

_ reported is probably about 10 percent of the actual
0.000 people are served by central water supplies SR p™ \ REHERE S

number ot industries operating in the basin
Nearly two-thirds of the total population in the rural :
category. or 1.5 million people. are served by individual
pressure systems. About one-thitd of the population Reuse of Water

living i individual households (both tarm and nontarm.

or 727000 people) does not have running water The ncreasing use of water and the problem of
provided by either mdividual pressure or public water providing additional supply have given nise to much
systems. This situation is signiticant i the consideration speculation. discussion, research and. in some  cases
of any projection of demand (table 66) action regarding reuse of water. A number ot industries
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Table 66 — NUMBER OF PLACES & POPULATION SERVED BY CENTRAL WATER SYSTEMS, OR INDIVIDUAL
HOUSEHOLD SYSTEMS, AND POPULATION WITHOUT RUNNING WATER, 1965 (ADJUSTED)

MISSOURI BASIN

With Public W O Public Water Service | W O Running
Total Water Service but With Running Water Water
Population ‘
Population Component Places Population Places Served Places Population | Population
(No.) (000) (No.) (000) (No.) (000) (000)
Urban
100,001 & over 7 2,500 2.515 (1] 0
S0.001-100.000 5 680 690 4] 0
25.001-50.000 14 S60 | S72 {] 8
10.001-25.000 39 630 3 640 1l 0
5.501-10.000 52 400 5 411 0 | 0
2.501-5.500 111 410 11 422 0 0
Subtotal 231 5.180 231 5,250 0 0
Rural Non-Farm |
1.001-2.500 319 531 31 531 0 0
Under 1.000 2.055 396 G2 499 832 97
Houscholds ! 913 (55)2 ! 572 | 286
Subtotal (2,374) 2.040 1.085 669 286
Rural Farm --- 1,340 (1532 K84 441
Total 2,605 8.560 I3 6.280 832 1.553 727

INumber of places not determined. Households range from singie dwelling to those inan umncorporated village.

=
“Included in population served by urban central systems.

Table 67 — SUMMARY OF EXISTING INDUSTRIAL WATER SUPPLIES BY SOURCE

Number of
Supplies

N ﬂ? frp:"f' ';: lies lmpraved Requiring

I AUMDEr O " HUPPRLe: Quutity Inadequate Additional

Source of Supply Process Water | Cooling Only Desired Quantity Treatment
Surtace Water 105 44 0 0 0
Ground Water 254 55 12 2 2
Combimned Surtace and Ground Water 63 23 0 0 0

presently treat and recycle waste waters or use municipal
sewage to conserve water or reduce stream pollution. ot
both. A number of cities do draw water from rivers
containing  quantities  of variously treated sewage
discharged by upstream cities. The 1mportance of
adequate  waste treatment facilitties  and  intake
purification processes cannot be overemphasized.

Water use is either consumptive or nonconsumptive.
A considerable portion of the water diverted for
municipal or industrial  purposes is returned to the
stream and  becomes available  for  further use
downstream. provided ynable quality is maintained
in the return water. Because water can be reused. an
excess of gross use over supply is not an automatic
indicator of water shortage. The gross demands illustrate
the overall magnitude of water requirements. but they
do not retlect sources of supply. location, consumptive
use or water returned to the stream for turther use. The
apparent gross demand of 2.775.000 acre-feet in 1965
for municipal. rural domestic. and industrial water is met
by the use of I8 percent ground water and 82 percent

surface water.

l,_‘

Future Water Demands

An assessment of future municipal. rural domestic.
and industrial water requirements and supply is a vital
part of a framework study. Availability of adequate
supplies of suitable quality 1s essential to the well-being
and development of any area. To establish requirements
of these functional uses is theretore ot highest priority

This study, based on the existing conditions. makes
projections as to the future demands ot a single purpose
functional use of municipal. rural domestic. or industrial
water requirements developed tor each Key year of the
study period in each subbasin.

In determining future water demands, the present
demands of all communities having a water supply
svstem and all reported industries known to have
independent sources of supply were studied. Populations
were deternuned from the Bureau of Census records and
surveys by State authorities: industrial data were ob-
tained from the Bureau of Census, the Bureau of Mines.
the Federal Power Commission, and State. county and

city records.




By 2020, it is estimated there will be 485 places in
the Missouri Basin with a population of 2.500 or more
(table 68). The aggregate urban population is projected
to be 15.4 million with nearly 11 milhon ot these living

in 23 urban centers in the basin. The total inc

the urban population will be about 10.5 mullion people

who will need new supplies. miproved distributior

systems. or both

;4
7
[

This Dam at Blue Rapids Provided The Water For The First Municipal Supply System in the State of Kansas

MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
MISSOURI BASIN, 1965-2020

Table 68

Ce | 195 | 19%0 | 2000] 2020
| % | 1500 | VO S0

[ (1.000 Acre-Feet)

Municipal & Rural |
Domestic 1.063 ‘ 1.469 2007 3.199
Industrial (General) | 405 [ 790 916 | 1.112
Mineral 82 ‘ 178 188 ‘ 192
Thermal-Electric Power | 1,724 ‘ 3122 | 4300 | 4.878
Coal Hydrogenation 1 0 i 200 ‘» 378 750)
Total | 3274 | 5759 | 7.896 [10.131

The changes in the rural nontarm sector will also be
significant. It is estimated there will be 2.605 incor
porated villages and places with an aggregate population
of about 3.2 nullion by 2020. In view of the present
trends. it is anticipated that all of these places will have
public water service or ity equivalent. The total basin
population living in rural farm households will decrease
to about 700.000

About

by public systems. Of the remaining rural population. it

20 percent of the rural people will be served

is estimated  that only 60,000 people. or less than

| basin population.

one-third of one percent of the to

iem by ()

will be without a pressure water system by 202

Water demands have been projected for munic

|

rural domestic. and industrial uses. Industrial demands
have been subdivided for further clarity mto general
industrial. mineral, thermal power. and where applicable

coal-hydrogenation categories. The general industrial

category will be referred to in the remainder ot this

chapter simply as “Industrial (General)

1S need to take mto

In the framework planning there

account not only the magnitude of projected aver

annual demands for municipal. rural domestic. indus

trial, mineral processing, and thermal-electnie power

water uses. but also the pattern of thewr season

vartation. This over-all pattern now and in the tu

varies by river reaches and thus by subbasin depending
largely on the makeup of the nonrural domestic uses
indicated. Rural domestic demands are reasonably con

stant throughout the year. With the separate projections

of water demands for each ot the other tour categornies
as presented later. and the degree to which these do o
don’t apply to ground waters. it is possible to give eacl
its due weight and det ine representative g

seasonal demand or utace wale!l i




stream. Considering their importance, it should be the

objective to fully satisty projected municipal and rural
domestic  water requirements from available ground
and/or surface water supplies. The demands for indus-
tria

. mineral, and thermal-electric power uses should be
supplied to the extent practicable within physical and
legal limitations, the options available. und tolerable
shortages that will not signiticantly diminish the pro-
ductive capability of the enterprises projected.
Municipal and rural domestic water demands are
expected to increase from a 1963 level of 1.063.000
3.199.000 acre-tfeet by the vear 2020. The

evidence of population densities increasing in the future

acre-feet to

in the areas that are most populated today is retlected in
the water demand figures. The municipal and rural
domestic demands of the Platte-Niobrara Subbasin make
up nearly 40 percent of the 2020 basin demand
compared with 34 percent currently. The Platte-
Niobrara and the Lower Missouri subbasins combine to
make up nearly two-thirds of the basin’s 2020 municipal
and domestic demand.

Water demands for industrial development are ex-
pected to increase from 405,000 acre-feet to 1.112.000
acre-feet in 2020.

The three largest industrial areas in the future as
measured by water demand will be the Yellowstone,

Platte-Niobrara. and L ower Misso hbasins. Tog
they make up about 80 p tof the 2020
Metallic mineral resources u tound 1 the mountat
and outwash plains in the western part of-the basin and
in the Black Hills. The uranium and thorium deposits i
the basin are expected to tace a rapidly increasing

demand. Increases in taconite and molybdenum mining
along with development of high alumina-bearmg igneous
rocks and \1.I.\‘ are \'\L\U\M\I 1 response to the lar
demand for metals.

Almost all of the Missouri Basin 18

endowed with a variety of nonmetaliic

sources. The bulk of the output will be
to meet construction industry needs at & iminimum cost
The use of water in sand and gravel pit operatior
incidental to pit operations except tor washing. Becu
of this no water demands have been mcluded tor sand

and gravel operations.

Mineral fuels represent the greatest mineral val
the basin. The coal resources of the basin show
enormous potential. In contrast. the ol and gas reso
\IL'\1‘|H[\H1CHI IS C\;R\h'.] Lo ;‘:‘.z‘\ near 1980 and decin
from that time on. This will occur. not fr
demand. but because known petroleum reserves in the
basin are not increasing. because recent oftshore explora
tion has shown impressive discoveries. and because there

Water Is Required For The Production, Refining. And Utilization of Fossil Fuels
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is increasing competition from low-cost foreign crude
oil.

Mineral demands will increase from 82,000 acre-feet
to 192,000 acre-feet between 1965 and 2020.

The projected water demand for thermal-electric
power production will be 4,878,000 acre-feet in 2020,
up from 1,724,000 in 1965. These demands are de-
scribed fully in chapter 4.

Table 68 shows the total municipal, rural domestic.
and industrial water demands for selected years.

Figure 19 graphically portrays the growth in water
demand in the Missouri River Basin.

FIGURE 19
MUNICIPAL, RURAL-DOMESTIC,
AND INDUSTRIAL WATER DEMAND
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WATER QUALITY

Chemically pure water in nature is practically un-
known. Even the falling rain contains gasses and solids
absorbed from the atmosphere. Upon reaching the land
and passing through the various phases of the hydrologic
cycle, water continues its solvent action in collecting
both dissolved and suspended matter. The kind and
amount of these impurities govern the quality of a given
water, and any degradation of the quality will limit the
beneficial uses.

Factors Influencing Quality

Topography and geology will influence the quality of

water. Relief of the land, amount of moisture already
present.and condition of the land surface. collectively,
will determine the runoff rate or length of time that

water contacts surface materials. Carbon dioxide and
acids from decaying vegetation dissolved in water greatly
enhance the solution of calcium, magnesium, and the
heavy metals frequently found in waters. Upland streams
generally exhibit an increase in sediment load and a
decrease in dissolved solids during periods of high flow.
These conditions are reversed during periods of mini-
mum flow. Often this quality characteristic of surface
waters is most significant in determining the usefulness
of a given source. Conversely. the mineral content of
ground water is relatively constant, but it is usually
higher than surface waters.Condition. type. and phyvsical
structure of geological formations also greatly affect the
amount of solids dissolved. Primary characteristics of
ground water are an absence of color and suspended
sediment and a nearly uniform temperature.

Man makes drastic changes in water quality for and
during municipal and industrial uses. then later returns
the water, together with water-borne wastes, to the land
and surface streams. Many factors. such as agricultural
activities, accelerated natural erosion. and reservoir
storage may also affect water quality.

Water Quality Objectives (Criteria) and
Source of Data

Water quality objectives were established for
domestic-municipal and industrial water supplies. These
are compatible to State water quality criteria developed
in accordance with the Federal Clean Water Act. Since
the quality of water resources varies greatly throughout
the Missouri Basin. quality objectives were developed by
“degree of acceptability” for each functional use. Plan
formulation. based on existing regional practice. may
deviate with the “degree of acceptability™ values which
are inherently unique to a particular region.

Where data were available. the quality characteristics
of existing water supplies for municipal and industrial
uses were compared with the water quality objectives
shown in table 69 to determine the degree of accept-
ability. For purposes of this study. existing supplies with
high levels of mineral content and generally considered
of undesirable quality were classitied as “inadequate.™

Water Quality Problems

The ground-water supplies in the high plains area.
figure 20, have high concentrations of total dissolved
solids (TDS) which exceed the suggested limits for
municipal, rural domestic. and industrial uses.

The surface waters in the basin have a varied total
dissolved solids concentration as shown in figure 20

Surface waters available often have a lower average total
dissolved solids concentration than the ground waters in
the area: thus, better quality may be obtained by
converting to a surface water source. Some 435 places
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Table 69 — QUALITY OBJECTIVES FOR MUNICIPAL, RURAL DOMESTIC,

Content

Lotal Dissolved Solids
(average)

Chlondes

Sultates

Nitrates

Sodium

Fluorides

Iron and Manganese (as Fe)

Total Dissolved Solids
Chlondes
Sultates

“Milhigrams per hiter

< = Less than >

AND INDUSTRIAL WATER SUPPLIES

7(jnud ¥

_ Usable Undesirable

Supply Requiring Extensive
Treatment. Use Alternate
Source If Available

Supply Requiring [
Usual Treatment |

Supply Requinng
~ Minimal Treatment

Municipal and Domestic Supplies

< 250

< 500mg/1* < 1500 mg’l > 2000 mg'l
< 250 mg/1 < 400 me’l > 400 mg 'l
< 250 mg/l ‘l < 300mg'l > S00mgl
< 10mg/l | <  45mg/l > 45mgl
< 10mg'l < 100 mg'l > 200mg'l
e 1 mg/l <& 2.5 mg/l b 25 mg/l
< 03 mg/l > 0.3 mgl
‘} Industrial Supplies l
< 500 me/1 ; < 1000 mg'1 | > 1000 mg'l
< 200 ‘\ < 250 ’ > 250
| A

generally equivalent to parts per million (ppm)
Greater than.

FIGURE 20

TOTAL DISSOLVED SOLIDS

GROUND WATER

SURFACE WATER

are using water sources with a natural mineral quality
which contravenes the planning criteria

SUBBASIN REQUIREMENTS

The foilowing section discusses the mdividual sub-
basins as to the existing water supplies and the muni-
cipal. rural. and industrial uses. Fach subbasin was
studied to develop the information presented i the
preceding basin summary: therefore, the water quality
criteria are 'dentical to those previously discussed
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Upper Missouri Subbasin

The Upper Missourt Subbasin includes parts ot the
Rocky Mountain Province and the northwest ranching
region. The western mountainous portion contains large
mineral and tmber reserves. excellent fish and wildlife
resources, and exceptional scenie and recreational values.
The eastern portion of the subbasin contains valuable oil
and coal resources. Tt s less watered than the western
portion and presents an economy dominated by dryland
farming and ranching. In sections where land and water
resources  permit. an urgation-based agriculture  has
developed. The entire subbasin has benetited greatly
from the readily available hydroelectric power potential.




Subbasin trends indicate that the relative economic
importance of agriculture will decline in the future and
the noncommodity-producing sector will rapidly in-
crease. The large deposits of mineable coal located in the
eastern portions could support a significant industrial
development in the future.

With these economic developments the population of

the Upper Missouri Subbasin is expected to increase to
605.000 by the year 2020. The 1960 population of
208,200 was classified as follows: 161.100 rural. farm
residents 56.400, 104.700 rural nontarm. and 137,100
as urban. There are 329 municipalities and villages
(places) in the subbasin. It was estimated that 935 of the
places. with 215,000 persons or 68 percent of the
subbasin population, were served by public water supply
systems in 1964, Central water systems served 02,000
rural people and 101.000 persons in the basin were
served by private wells.

The most current available data (1965) on municipal
and rural-domestic water use were used in making water
demand projections.

Future municipal and rural-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the 447 precipitation effectiveness
index line. These estimated municipal and rural-domestic
demands are expected to increase from 46.000 acre-fect
in 1965 to 94,000 acre-feet in 2020.

Some industries obtain their water supply from
municipal systems and are considered in the municipal
demand totals. Sixty-two industries in the subbasin were
reported in 1965 to have separate water supplies.

Only limited industrial use data are available. Those
industries reporting used 31,000 acre-feet of water
annually and their demands are expected to merease to
59.000 acre-feet by 2020. The projected demand for
water for thermal-electric power production is 455.000
acre-feet by year 2020, although there are no thermal-
electric power generation stations in this subbasin at
present.

Mineral industry water demands i the subbasin are
small and are expected to peak at about 7.000 acre-feet
by year 2000.

Total municipal and industrial water demands are
expected to grow tfrom 79,000 acre-feet in 1965 to a
2020 demand of 611.000 acre-feet. Table 70 s a
summary of these current and projected municipal and
industrial demands.

The annual gross demand ot 79.000 acre-teet in 1965
was met 63 percent by surface water diversions and 37
percent by ground-water withdrawals. Great  Falls,
Montana, with the largest water supply svstem in the
subbasin,  serves 72,000 persons and a number of
industries. Next in order of size are the public water
facthities of Helena and Bozeman, Montana, which serve
25.000 and 13.250 people. respectively.

Table 70 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS, UPPER
MISSOURI SUBBASIN, 1965-2020

T e | ves [ om0 [ 2000 [ 2020

(1.000 Acre-Feet)

Municipal and Rural |

Daomestic | 46 66 l 94
Industrial (Generah 3 57 | 9
Mincral [ 2 1 7 3
Thermal-Flectric Power | 0 | 445 455
Lotal v 79 375 611

The population in the Upper Missouri is expecied to
icrease from 316.000 m 1965 to about 605.000 mn
2020. Central water services are expected to increase
from 215,000 to 526.000. an increase of 311.000 that
will need new supplies. treatment. and distribution
systems. Included in the increased services by central
systems are 230.000 urban people. S1.O00 peaple hiving
in villages and communities under 2500 and rural
nonfarm houscholds. and about 2.000 people m tarm
households. Individual pressure systems are expected to
service 77.000 or 95 percent ot the population m farm
and nonfarm households and only 2.000. or about 13
of one percent of the population of the basin will be
without running water by 2020

Fifteen of the subbasin’s 215 water supply systems in
1965 were classed as inadequate — 12 because of quality
and three because of capacity. Improvement of 46
additional svstems would be desirable. Table 71 sum-
marizes the degree of adequacy of existing municipal
water supplies. Eighteen million doliars will be required
by year 1980 to provide the tacilities to adequately treat
the present water supply and provide for future water
treatment plant enlargements. additions, the rehabilita
tion of obsolete plants, and for new construction. An
additional S22 mitlion will be required in the 1980-2000

period and S24 million between year 2000 and 2020

Yellowstone Subbasin

The Yellowstone Subbasin ancludes parts of the
Rocky Mountain Province and the northwest ranching
region. The scenic resources of the region attract tourists
from all over the nation. with Yellowstone Park
accounting for over 2 million visitors annually. The
heavy recreational uses of the park place a significant
demand upon the water resources.

In the plains area. surface conditions and chimate
combine to permit an agricultural economy ot nixed
dryland  farming and  cattle  ranching. Other  basic
economic activities include the production and related
processing of metals, nonmetals, and tuels

Subbasin trends indicate that the relative economic
importance ot agriculture will dechne and the -

portance of the noncommodity producimg sector will




UPPER MISSOURI SUBBASIN

Table 71 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE

t

W ——

Total
Number of Population
Source of Supply Supplies Served
(1000)
Surface Water 16 107
Ground Water 70 58
Combined Surface and
Ground Water 9 S0
Total 95 215

Number of
Supplies

Ranges of Improved Requiring

Per Capita Quality Inadequate Additional

~ Use | Desired | Quantity | Treatment

(gped) (No.) (No.)

80-335 1 - =
48-720 39 3 9
120-344 6 --- 3
48-720 46 3 12

rapidly increase. The vast deposits of mineable coal
located in the eastern part of the subbasin could support
a large industrial development. and it appears that such
development will be directed to the production of
thermal-electric power and the hydrogenation of coal.

Because of the area’s potential. the population of the
Yellowstone Subbasin is expected to increase to a 2020
population of 690,000 compared with the 1960 popula-
tion of 270.400. The 1960 population was classified as
follows: 146.100 urban, 76.100 rural nontarm, and
48.200 rural farm. There were 77 places in the categories
of municipalities and villages in the subbasin in 1965 Tt
was estimated in 1965 that 65 of these places. with
194,000 persons or 80 percent of the subbasin popula-
tion, were served by public water supply systems.
Approximately 97,000 persons were served by individual
water systems, and 30,000 rural people were served by
the central water systems of nearby municipalities. The
most current available data (1965) on municipal and
industrial water uses have been used in this analysis.

Future municipal and rural-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the 44 precipitation effectiveness
index line. These estimated municipal and rural-domestic
demands are expected to increase from 41.000 acre-teet
in 1965 to 124.000 acre-feet in 2020.

Only limited industrial use data are presently avail-
able. Those industries reporting used 89.000 acre-feet of
water annually and industrial water demands are ex-
pected to increase to 294,000 acre-feet by year 2020
Sugar-mill and oil refining are expected to produce much
of this increased demand.

The gross demands for water for thermal-electric
power production of 97.000 acre-feet i 1965 are
projected to be 875.000 acre-feet in 2020.

Mineral industry demands reported as 16,000 acre-
feet in 1965 will grow to 63.000 acre-feet in 2020. The
present mineral industry produces petroleum. uranium,
coal, gypsum. and other construction materials.
Petroleum production demands are expected to peak in
1980 and decline as reserves are depleted and develop-
ment shifts to coal hydrogenation, with an anticipated
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water demand of about 750.000 acre-feet by 2020.
There are no coal hyvdrogenation plants in the subbasin
today.

Total municipal and industrial water demands are
expected to grow from 243.000 acre-feet in 1965 to a
2020 demand of 2.106.000 acre-feet. Table 72 is a
summary of these current and projected municipal and
industrial demands.

Table 72 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
YELLOWSTONE SUBBASIN, 1965-2020

Use 1965 —[ 1980 DOOO T 2020
(1.000 Acre-Feet)

Municipal & Rural |
Domestic 41 S8 86 124
Industrial (General) 89 292 263 294
Mineral 16 S0 57 63
Thermal-Electric Power 97 390 803 875§
Coal Hydrogenation 0 200 375 750
Total 243 990 | 1.584 |2.106

In 1965 the gross demand of 243.000 acre-feet was
met 94 percent by surface water diversions and 6
percent from ground-water withdrawals.  Billings.
Montana. with the largest water supply system in the
subbasin. serves 65.540 persons and a complex of
industries. The second largest public water supply
svstem in the subbasin is Sheridan. Wyoming. serving a
population ot 12.000.

The population in the Yellowstone is expected to
increase from 291,000 in 1965 to about 690.000 mn
2020. Central water services are expected to increase
from 194,000 to 617.000. an increase of 423.000 who
will need new supplies. treatment. and distribution
systems. Included i the increased services by central
systems are 377,000 urban people. 46.000 people living
in villages and communities under 2.500 and rural
nontarm households, and about 2.000 people in tarm
households. Individual pressure systems are expected to
service 78,000, or 9§ percent of the population in farm
and nontarm households and only 2,000, or less than
/3 of one percent of the population of the basin will be
without running water by 2020.




Table 73 summarizes the degree of adequacy of
existing municipal and industrial water supply systems.
One water system was classed as inadequate because of
the limited supply. Sources of supply with better quality
would be desirable tfor tour other places. By vear 1980.
S14 million will be required to provide the tucilities to

adequately treat the present water supply and provide

for future water treatment plant enlargements. addi-
tions. the rehabilitation of obsolete plants. and for new
construction. An additional $24 million will be required
in the 1980-2000 period and S19 million between year
2000 and 2020.

Table 73 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE

YELLOWSTONE SUBBASIN

Number of
Supplies
Total Ranges of Improved Requiring
Number of Population Per Capita Quality Inadequate Additional
Source of Supply Supplies Served Use Desired E Quantity Treatment
(1000) (gped) (No.) (No.)
Surface Water 18 108 67-227 2 “m --
Ground Water 38 44 25-253 2 1
Combined Surface and
Ground Water 9 2 108-333 .- --- -==
Total 65 194 25-333 4 1 -

Western Dakota Subbasin

Most of this subbasin is sparsely settled and econom-
ically dependent upon agriculture and related industries
Farmers are heavily dependent upon livestock, with over
two-thirds of the farms classified as livestock farms and
nearly 80 percent of cash receipts obtained from the
marketing of livestock. Where water supply and water
quality are adequate. irrigated agriculture 1s practiced.

The Black Hills district of the subbasin has developed
a thriving tourist and recreation industry which has
become the “number one™ income industry of this area.
The mountain scenery. a moderate summer climate. and
points of historical significance assure a bright future for
the tourist industry in this part of the subbasin. The
Black Hills area is noted also for its mineral and timber
resources which have contributed heavily to the econo-
my for over 100 years.

Present trends indicate that the relative economic
importance of agriculture will decline. while manu-
facturing. other commodity-producing mdustries and
noncommodity-producing industries will show increases.

Because of the expected economic development. the
population of the subbasin is expected to grow from a
1960 total of 299.500 persons to 612.000 in the vear
2020. The 1960 population was classified 199,300 rural
and 100,200 urban. Farm residents numbered 86.800
and 112,500 were classified rural nontarm. There were
450 places in the categories of municipalities and villages
in 1960. In 1965, it was estimated that 110 of these
places with 186.000 persons (59 percent of the subbasin
population) were served by public water supply systems.
Central water systems served an additional 71.000
people in the rural areas. Approximately 128,000
persons in the subbasin were served by mdividual water
systems.

Future municipal and rurai-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the 447 precipitation effectiveness
index line. These estimated municipal and rural domestic
demands are expected to increase from 25.000 acre-feet
in 1965 to 60.000 acre-feet in year 2020.

Only limited industrial use data are presently avail-
able. Some industries obtain their water supply from
municipal systems and their water use is considered in
the municipal demand totals. Twenty-seven industries in
the subbasin in 1965 were reported to have individual
supplies. The annual water use for the limited number of
industries reported in 1965 was 10.000 acre-teet. Water
demands for future industrial development are expected
to mcrease to 19,000 acre-feet by 2020.

The water needed tor thermal-electric power pro-
duction in the future is projected to be 398.000
acre-feet in 2020, up trom 49.000 acre-feet in 1965,

Projected mineral developments in metals. nonmetals
and fuels will demand additional water i the future.
Gold 1s expected to remain the most important metal
with increasing output through 1980, but decreasing
beyond that time. Uranium production will become
more important. The production of nonmetals. primarily
in the construction group of minerals. will grow due to
population increases and increasing  demand. Water
diverted for sand and gravel production is not mcluded
in the total requirement figures. In the fuels section,
petroleum output is expected to peak shortly after
1980. The subbasin has large lignite reserves, but is
expected to lose part of its share of the market because
of higher quality coal in the surroundmg areas. Total
mineral industry water demands will grow trom 19.000
acre-feet in 1965 to 49,0060 acre-teet by 2020
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Total municipal and industrial water demands are

expected to grow from 103,000 acre-feet m 1965 10 a
2020 5206.000 Table 74 s a
summary of these current and projected municipal and

demand of acre-leet,

industrial demands.

Table 74 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
WESTERN DAKOTA SUBBASIN, 1965-2020

Use | 1965 | 1980 | 2000 | 2020
(1,000 Acre-Feet)

Municipal & Rural |
Domestic 25 34 47 6O
Industrial (General) | 15 17 19
Mineral 19 | 28 34 49
Phermal-Flectric Power 49 | 298 362 39%
Total J 103 ‘ 375 460 526

In 1965 the gross demand of 103,000 acre-feet was
met 78 percent
cent from ground-water withdrawals. Rapid City. South
Dakota, with the largest water supply svstem in the
50.000
several industries. Next in order of size are the public
water facilities of Mandan and Dickinson. North Dakota.
which serve 11.000 and 10.000 people. respectively.

The population in the Western Dakota Subbusin is
expected to tncrease from 314000 in 1965 to about

by surtace water diversions and 22 per-

subbusin. serves approximately persons and

612.000 in 2020. Central water services are expected to
150,000 10 543.000. uan
357.000 who will need new supplies. treatment and

merease  from increase  of
distribution systems. Included i the increased services
by central systems are 228.000 urban people. 129.000
people hving in villuges and communities under 2.500
and rural nontarm households. and about 6.000 people
in farm Individual

expected to service 65.000 or over 95 percent of the

houscholds. pressure systems are
remaining population in farm and nonfarm households
and only  4.000. o1 the
population ot the basin will be without running water by
2020.

Table 75 summarizes the degree of adequacy of
existing municipal and mdustnal water supply systems in

less than one percent of

the subbasm. Seven of the 110 water supply systems in
service in the subbasin in 1965 were inadequate in regard
to water treatment. None of the systems was classed
inadequate in regard to quantity: however. the town of
Dickinson may have madequate supplies in the near
future. Improvements would be desirable tor 51 other
systems. By the vear 1980, S21 nullion will be required
to provide the tacilities to adequately treat the present
water supply and provide for future water treatment
plant  enlargements.  additions. the rehabilitation  of
obsolete plants. and for new construction. An additional
S$27 million will be required in the 1980-2000 period

and 824 mullion between year 2000 and 2020,

Table 75 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE

Numberof | Population
Source of Supply Supplies Served
(1000)
Surface Water 8 21
Ground Water 97 90
Combined Surtace and
Ground Water S 75
Total ,_;.ip‘l,','f b 186

Eastern Dakota Subbasin

subbasin has a well developed agricultural

I'his
cconomy and over 60 percent of the land 15 under
cultivation. Industrial development is contined maimnly to
the processing ot agricultural products. Because ot the
fand capabilities and the present lack of industrial
development there are many small communities and a
low population density. The population is comparatively
well distributed.

Ihe subbasin contains large reseives of petroleum and

hignite and future industrial expansion s expected as
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WESTERN DAKOTA SUBBASIN

Number of
Supplies
Ranges of Improved Requiring
Per Capita Quality Inadequate Additional
Use Desired Quantity Treatment
e e e
(gped) (No.) (No.)
64-397 ] -
44-204 49 7
75-120 1 i -
44-397 51 S 7
e
these resources are developed to support the con-

struction of large thermal-electric power stations.

Present trends indicate the relative economic impor-
tance of agriculture and other commodity producing
industries  will decline.  Employment in the non-
commodity producing mdustries 18 expected to expand
rapidly due to continuing urbanization. rising personal
mcome. and the expansion of service industries

Because of the expected economice development. the
population of the Bastern Dakota Subbasin is expected
1960 669 600

1.305.000 in the vear 2020, The 1960 population was

o grow from a level of persons 1o




classified 423,100 as rural and 246,500 as urban. Farm
residents numbered 222,100 and 201.000 were classitied
as rural nonfarm. There were 572 places in the categories
of municipalities and villages in 1960.

It was estimated that 269 of these places (1965) with
418.000 persons or 60 percent of the subbasin popula-
tion, were served by public water supply systems.
Central water systems also served 144.000 rural people.
Approximately 279,000 were served by individual water
systems.

Future municipal and rural-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the “44™ precipitation effectiveness
index line. These estimated municipal and rural-domestic
demands are expected to increase trom 54.000 acre-feet
in 1965 to 188.000 acre-feet in year 2020.

The industrial water use data are incomplete since no
up-to-date inventory was available. Some industries
obtain their water supply from municipal systems and
are considered in the municipal demand totals. There
were 31 industries in the subbasin in 1965 reported to
have individual water supplies. Water demands for
industrial development are expected to increase trom
2.000 acre-feet reported in 1965 to 4.000 acre-feet by
2020.

The future demands for water for thermal-electric
power production are projected to be 701,000 acre-feet
by 2020, up trom 17.000 acre-feet in 1965.

Water will be required for projected mineral develop-
ments in the nonmetal and tuels areas. Production of the
construction group of minerals will grow due to popula-
tion increases and increased demand. Water diverted for
sand and gravel production. however. is not included in
the total water requirement figures. In the fuels sector.
water needs should parallel the predicted increase in oil
and gas output to 1980 and remain unchanged to 2020.
Water needs for lignite production are expected to
increase through vear 2000 and then level out. Total
growth of mineral industry water demand is lost in the
rounding of figures and is expected to remain unchanged
at 4,000 acre-feet per year between 1965 and 2020.

Total municipal and industrial water demands are
expected to grow from 77.000 acre-feet in 1965 to a

2020 demand of 897.000 acre-feet. Table 76 s a
summary of these current and projected municipai and
industrial demands.

In 1965 the gross demand of 77.000 acre-feet was
met 42 percent by surface-water diversions and 58
percent from ground-water withdrawals. Sioux Falls, S.
Dak.. with the largest water supply system in the
subbasin, serves 65.000 persons and several industries.
Next in order of size after Sioux Falls are the public
water facilities of Bismarck. N Dak.. and Aberdeen. S.
Dak.. which serve 30,000 and 26,000 neople,
respectively.

The population in the Eastern Dakota Subbasin is
expected to increase from 697,000 in 1965 to about

305,000 in 2020. Central water services are expected
to ncrease from 418.000 to 1.164.000. an increase of
746.000 who will need new supplies. treatment. and
distribution systems. Included in the increased services
by central systems are 506,000 urban people. 240.000
people living in villages and communities under 2.500

Table 76 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
EASTERN DAKOTA SUBBASIN, 1965-2020

Use 196s | 1980 | 2000 [ 2020

(1.000 Acre-Feet)
Municipal & Rural

Domestic 54 103 143 188
Industrial (Generaly 2 2 3 4
Mineral 4 4 4 4
Thermal-Flectric Power 17 199 432 701

Total 77 308 582 897

and rural households. and about 16.000 people in farm
househotds. Individual pressure systems are expected to
service 135.000 or 95 percent of the remaining popula-
tion in farm and nontarm households and only 6.000, o1
about 1/2 of one percent of the population of the basin
will be without running water by 2020.

Table 77 summarizes the degree of adequacy of
existing municipal and industrial water supply systems in
the subbasin. Thirty-one of the 269 water supply
systems 1 the subbasin it 1965 were classitied as

inadequate 30 required additonal treatment and one

Table 77 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE
EASTERN DAKOTA SUBBASIN

Total
Number of Population
Source of Supply Supplies Served
(1000)
Surtace Water 10 102
Ground Water 257 286
Combined Surtace and
Ground Water 2 30
Total | 269 418
_— .

——

Number of
Supplies
Ranges of Improved | Requiring
Per Capita Quality | Inadequate Additional
Use Desired Quantity Treatment
e L e SN (SONG: - o -
(gped) (No.) (No.)
76-144 2 “ea .
11-303 178 | 30
86 2 &
11-303 179 1 30
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had a limited supply of water. Improvements would be
desirable for 179 of the remaining systems. By the year
1980, S47 million will be required to provide the
facilities to adequately treat the present water supply
and provide for future water treatment plant enlarge-
ments, additions. the rehabilitation of obsolete plants,
and for new plant construction. An additional S62
million will be required in the 1980-2000 period and
S49 million between year 2000 and 2020.

Platte-Niobrara Subbasin

The Platte River is formed by the junction of the
North Platte and South Platte rivers near North Platte.
Nebraska. Both rivers have their headwaters in the
Rocky Mountains of Colorado. The Niobrara River rises
in the low hills of east central Wyoming and tlows
casterly through Wyoming and Nebraska to its junction
with the Missouri River.

The subbasin population is poorly distributed. with
the largest proportion concentrated in the Denver,
Colorado, metropolitan area. This area contains a highly
diversified industrial complex. The irrigated agricultural
development in the South Platte area near Denver adds
greatly to its economy. Due to the high growth rate and
increasing dominance of the Denver metropolitan drea.
manufacturing employment has experienced more rapid
growth in the subbasin than nationally.

The western and mountainous area of the subbasin
contains most of the mining activity. Petroleum, natural
gas. coal, nonmetallic and metallic minerals constitute
the basic mineral production. This subbasin has a diverse
agricultural economy dependent primarily upon live-
stock. cash grains, and specialty crops. Wheat. corn,
sugar beets. milk. beef. veal. and pork are the major
agricultural products and are expected to comprise the
major portion of the farmers’ receipts in the future.

Present trends indicate the economic importance of

agriculture will decline while all the manufacturing,
noncommodity-producing  and
industries will rapidly increase.

commodity-producing

In view of the large economic potential of the
subbasin. the population of the Platte-Niobrara Subbasin
is expected to grow from a 1960 level of 1.963.000
persons to 6940000 i the year 20200 The 1960
population was classified 571.500 rural and 1.392 400
urban. Farm residents numbered 241400 and 330,100
were classified rural nonfarm. There were 1.286 places in
the categories of municipalities and villages in 1960,

Future municipal and rural-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the 417 precipitation effectiveness
index line. These estimated municipal and rural domestic
demands are expected to mcrease from 365000 acre
feet in 1965 to 1,217,000 acre-teet in 2020
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Based on the limited industrial data available. water
demands for industrial development are expected to
increase from the reported use of 142.000 acre-feet n
1965 to a projected demand of 230.000 acre-feet by
year 2020.

The demand for water for
projected to grow from 454,000 acre-teet in 1963 to
528.000 acre-feet in 1980, but to decline from 1980 on
to only 202.000 acre-feet per year by 2020 due to

power production is

increased use of supplemental cooling systems.

Water will be required for projected mineral develop-
ments in the nonmetals, metals. and fuel
Production of non-metallic minerals (entirely in the
construction group) will grow due to
increases and increased demand. Water diverted tor sand
and gravel production is not included in the total water
requirement figures. In the metals sector. ron and
uranium ores have been and will be the most important
sources of metal in terms of both value and water use. In
the fuels sector, high volume water needs for oil and gas
production may peak by 1980, but water needs for coal
production will continue to expand through 2020. Total
mineral industry water demands are expected to grow
from 28.000 acre-feet in 1965 to 42,000 acre-teet by the
year 2020.

Total municipal and industrial water demands are
expected to grow from 989 000 acre-feet in 1965 to a
2020 demand of 1.691.000 acre-feet. Table 78 1s a
summary of these current and projected municipal and
industrial demands.

sectors.

population

Table 78 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
PLATTE-NIOBRARA SUBBASIN, 1965-2020

Use 965 1980 ] 2000 l 2020
\ (1.000 Acre-Feet)

Municipal & Rural | |
Domestic | 365 | 514 798 | 1.217
Industrial (General) 142 | 195 218 230
Mincral i 28 60 56 | 2
Ihermal-Flectric Power | 454 | 528 300 202
Total | 989 | 1297 | 1372 | 169l

In 1965 the gross demand of 989.000 acre-feet was

met 82 percent by surface water diversions and I8
percent from ground-water withdrawals. Denver. with
the largest water supply svstem in the subbasin. serves
I million persons and a complex ot industries. Next
order of size are the public water tacilities of Lincoln
Nebraska and Chevenne. Wyoming. which serve 138,000
and 46.200 people. respectively

The population in the Platte-Niobrara Subbasin is
expected to increase from 2.238.000 in 1965 to about
6.940.000 m 2020. Central water services are expected
to increase from 1.876.000 to 6,660,000, an increase of
4.784.000 people who will need new supplies. treatment.

Included 1n the mncreased

and  distribution

systems




services by central systems are 4,532,000 urban people,
252,000 people living in villages and communities
under 2,500 and in rural nonfarm households, and
about 24.000 people in tarm households. Individual
pressure systems are expected to service 270,000, or
about 95 percent of the population in farm and nonfarm

households and only 10.000, or less than 1/6 of one
percent of the population of the basin will be without
running water by 2020,

Table 79 summarizes the degree of adequacy of
existing municipal and industrial water supply systems in
the subbasin.

Table 79 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE
PLATTE-NIOBRARA SUBBASIN

j Number of
Supplies
Total Ranges of Improved Requiring
Number of Population Per Capita Quality Inadequate Additional
Source of Supply Supplies Served Use Desired Quantity Treatment
(1000) (gped) (No.) (No.)
Surface Water 37 1100 40-558 .- .- -vn
Ground Water 288 578 30475 .- --- -
Combined Surface and
Ground Water 5] 198 73-291 .- - .-
Total 340 1876 30-558 .- - ---

By the year 1980, S115 million will be required to
provide the facilities to adequately treat the present
water supply and provide for tuture water treatment
plant enlargements. additions, the rehabilitation of
obsolete plants and for new plant construction. An
additional  S166  million will be required in the
1980-2000 period and $179 million between year 2000
and 2020.

Middle Missouri Subbasin

This subbasin includes the lands drained by the main
stem of the Missouri River and its tributaries below the
mouth of the Big Sioux River near Sioux City, la.. toa
point just above Kansas City. exclusive of the Platte
River (Colorado. Nebraska. Wvoming) drainage

The deep. fertile soils and generally adequate precipi-
tation of the subbasin have aided the development of a
highly productive agnicultural economy. Many industries
in the subbasin are processors of agricultural products or
manufacture tems for farmstead use. Manufactuning
employment in the subbasin has grown relatively faster
than nationally.

Mineral production has been limited generally to
nonmetallics which are fairly well distributed through-
out the subbasin. In the southern part ot the subbasin,
there are small amounts ot petroleum production and
limited coal deposits.

Present trends mdicate that the economic importance
of agriculture will decline while the remainder ot the
economy will rapidly increase. Because of the economic
potential of the subbasin, the population is expected to
grow from a 1960 level of 1.293.500 persons to
2430000 m the year 2020. The 1960 population was
classified 740,400 urban, 280.000 farm residents. and
273,100 rural nonfarm. There were 576 places in the

categories of municipalities and villages in 1960. More
than 75 percent of the population is concentrated in
three metropolitan areas.

In 1965 it was estimated that 255 of these places.
with 941.000 persons or 70 percent of the subbasin
population, were served by public water supply systems.
Central water systems served 140,000 rural people.
Approximately 395.000 persons were served by indi-
vidual water systems.

Future municipal and rural-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the “44% precipitation effectiveness
index line. These estimated municipal and rural domestic
demands are expected to increase from 154.000 acre-
feet in 1965 to 470.000 acre-feet in 2020

Some industries obtain their water supply from
municipal systems and are considered in the municipal
demand totals. In 1965, there were 42 industries in the
subbasin reported to have individual water supplies.
Based on this limited available industrial data. water
demands tor industrial development are expected to
increase from the reported use of 11.000 acre-feet in
1965 to a projected demand of 68.000 acre-feet by vear
2020

The demand for water for power production is
projected to grow from 480.000 acre-feet in 1965 to
1.237.000 acre-feet in 2020

Essentially all of the mineral production of the
subbasin will be sand and gravel and. since water
diverted for such purposes is not included i the total
water requirement figures. no demand by the mineral
industry 1s forecast for this subbasin.

Total municipal and industrial water demands are
expected to grow from 645,000 acre-feet in 1965 to a
2020 demand of 1.775.000 acre-feet. Table 8O 1s a
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summary of these current and projected municipal and
industrial demands.

Table 80 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
MIDDLE MISSOURI SUBBASIN, 1965-2020

Use 1965 | 1980 | 2000 | 2020
£1.000 Acre-Feet)

Municipal & Rural

Domestic 154 256 343 470
Industrial (General) 11 34 49 6%
Mincral --- --- ---
Thermal-Electric Power 480 753 1.040 | 1.237
Total 645 1.043 1432 | L7375

In 1965 the gross demand of 645.000 acre-tfeet was
met 89 percent by surface water diversions and 11
percent trom ground-water withdrawals.  Omaha.
Nebraska. which has the largest water supply system in
the subbasin. serves 370.000 persons and a complex of
industries. St. Joseph. Mo.. serving a population of
92,000 and Sioux City. la.. with 85.000 are next in
order of size.

The population in the Middle Missouri is expected to
increase from 1.336.000 in 1965 to about 2.430.000 in

2020. Central water services are L'\I‘L'glk'\i 1O Incerease
from 941.000 to 2.276.000. an mcrease of 1.335.000

who will need new supplies. treatment. and distribution
systems. Included in the mncreased services by central
systems are 1.129.000 arban people. 206.000 people
living in villages and communities under 2.500 and in
rural nonfarm households. and about 26.000 people n
farm households. Indwvidual pressure systems are ex-
pected to service 143.000 or 95 percent of the popula-
tion in farm and nontarm households and only 12.000.
or about /2 of one percent of the projected population
of the basin will be without running water by 2020.
Table 81 summarizes the degree of adequacy of
existing municipal and industrial water supply systems in
the subbasin. Four of the 255 water supply systems in
1965 were classified as inadequate three required
additional treatment and the other had inadequate
capacity. Improvements would be desirable for three
other systems. By the year 1980. S75 million will be
required to provide the factlities to adequately treat the
present water supply and to provide for future water
treatment plant enlargements. additions. rehabilitation
of obsolete plants. and for new plant construction. An
additional S75 million will be required in the 1980-2000
period and $70 million between year 2000 and 2020.

Table 81 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE
MIDDLE MISSOURI SUBBASIN

Number of
Supplies
Total Ranges of Improved | Requiring
Number of Population Per Capita Quality I Inadequate Additional
Source of Supply Supplies Served Use Desired Quantity Treatment
(1000) (gped) (No.) | (No.)
Surface Water 13 570 S4-188 bl | el Wit
Ground Water 242 371 S0-286 3 | 1 3
Combined Surtace and !
Ground Water - - [ -
Total 255 941 50-286 3 ] 1 | 3

Kansas Subbasin

The Kansas River joins the Missouri River at Kansas
City. The subbasin is a relatively long and narrow area
draining parts of castern Colorado. southern Nebraska.
and northern Kansas. The western two-thirds of the
subbasin s and to semuartd while the eastern third is
subliumid.

The economy of the subbasin is Jargely supported by
agriculture. Approximately 85 percent of the area is
under cultivation, with wheat and livestock the two
Industrial activity
centered in the larger municipalities consists principally

largest sources of  farm  mcome

of meat packing. tlour milling. and the processing of
other agncultural products. The development ot the oil
and gas mdustry i western Kansas adds greatly to the
income ot the basin, This industry enabled Kansas to
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rank first in the Missourt Basin States i the value ot
mineral products in 1966. Large oil refineries are located
at Kansas City and Phillipsburg, Kans. The rubber.
chemical. and allied industries also are represented in the
lower Kansas River vallev. Present trends here. as
elsewhere. indicate the economic importance ot agri-
culture will decline while the remainder of the economy
15 x‘\;‘k‘(lc«l to show steady increases.

I'he subbasin population s not well distributed. most
of the people being concentrated along the Kansas River
and the lower Smoky Hill River wi the eastern halt of
Kansas

In view of the economic potential ot the subbasin
the population s expected to grow trom a 1960
popalation level of 902,500 persons to 1.746.000 i the
year 2020, The 1960 population was classified as
50.600 rural and 401900 urban. 204 400 as tarm




[

e e

residents. and 296.200 as rural nontarm. There were 355

places in the categories of municipalities and villages in
1960.

It was estimated in 1965 that 348 of these places
with 629,000 persons, or 67 percent of tie subbasin
population, were served by public water supply systems.
Central systems served 190.000 rural people. Approx-
imately 313.000 persons in the basin were served by
indwvidual water systems.

Future municipal and rural-domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect to the 347 precipitation effectiveness
index line. These estimated municipal and rural domestic
demands are expected to mcrease from 123.000 acre-
teet in 1963 to 245.000 acre-teet in 2020.

Some industries obtain their water supply  from
municipal systems and are considered in the municipal
demand totals. There were 83 industries in the subbasin
reported in 1965 to have individual water supplies.
Based on this limited available industrial data. water
demands for industrial development are expected to
increase from the reported use of 24.000 acre-feet in
1965 to a projected demand of 76.000 acre-reet by year
2020

The demands tor water for thermal-electric power
production are projected to be 52.000 acre-feet in 2020.
up trom 19.000 acre-teet in 1965.

Water demands for the mineral industry will tall in
the nonmetals and fuels sectors. Essentially. all of the
nonmetallic the construction
minerals category. Water diverted for sand and gravel
production is not included in the water requirement

developments are in

figures. Oii and gas production 1s projected to increase
through the year 2000 and then level out and corres-
ponding water requirements are expected to parallel the
production. Water needed tor coual production has been
considered  negligible. Total mineral industry  water
demands are expected to grow from 9.000 acre-feet in
1965 to 20.000 acre-feet by the year 2020.

Total municipal and industrial water demands are
expected to grow from 175.000 acre-tfeet in 1965 to a

Table 82 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
KANSAS SUBBASIN, 1965-2020

;
Use 1965 | 1980 | 2000 | 2020
(1,000 Acre-Feet)
Municipal & Rural
Domestic 123 129 174 245
Industrial (General) 24 44 7 76
Mineral 9 20 20 20
Ihermal-Electric Power 19 15 J 35 52
Total 175 208 286 393

summary of these current and projected municipal and
industrial demands.

In 1965 the gross demand of 175.000 acre-feet was
met 41 percent by surface water diversions and 59
ground-water Topeka.
Kansas. which has the largest water supply system in
the subbasin. 135.000
complex of industries. Next in order of size are the
public water facilities of Lawrence and Salina. Kansas.
which serve 42.000 and 40.600 persons. respectively.

The population in the Kansas Subbasin is expected to
increase trom 942.000 in 1965 to about 1.746.000 mn
2020. Central water services are expected to increase
from 629,000 to 1.580.000. an increase of 951.000 who
will need new supplies. treatment. and distribution
systems. Included in the increased services by central
systems are 593.000 urban people. 358.000 people living

percent  from withdrawals.

serves about persons and a

in villages and communities under 2500 and rural
households. and about 20.000 people in tarm house-
holds.  Individual
service 157.000 or 95 percent of the population in tarm
and nonfarm households and only 10.000. or less than

pressure systems are expected to

one percent of the population of the basin will be
without running water by 2020.

Fifty-three of the 348 water supply systems required
additional 1965 and were
inadequate. Improvements would be desirable for 93
other

treatment in classified as

svstems. Table 83 summarizes the degree of
adequacy of existing municipal supplies. By the vear
1980, S106 million will be required to provide the

2020 demand of 393,000 acre-feet. Tuble 82 is a tacilities to adequately treat the present water supply
Table 83 — SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE
KANSAS SUBBASIN
MR | RCTY; = i N i ' ' [ Number of
| } Supplies
Total | Ranges of Improved | Requiring
Number of Population | Per Capita ‘ Quality | Inadequate Additional
Source of Supply Supplies Served Use | Desired i‘ Quantity Treatment
(1000) @) | Ny | (N
Surface Water 1 170 82-159 - ‘ .=
Ground Water 332 372 37-333 | 92 Sk 53
Combined Surtace and |
Ground Water S 87 84138 1 ‘ se= =
Total 348 629 l 37-333 93 l s3




and provide for future water treatment plant enlarge-
ments. additions, the rehabilitation of obsolete plants
and for new plant construction. An additional S149
million will be required in the 1980-2000 period and
S145 million between 2000 and 2020.

Lower lissouri Subbasin

The population of this subbasin is not well distri-
buted: over half of the people reside in the Kansas City
or Springfield. Missouri. metropolitan areas. The re-
mainder of the population is generally distributed
throughout the counties of the subbasin.

The subbasin has a well-developed agricultural econ-
omy and has been a leading producer in the Missourt
Basin of soybeans. non-citrus fruits, chickens. turkeys.
and milk. The rich bottomlands are high producers of
teed and food grains. The uplands are noted for their
livestock and livestock products. Industrial activities are
concentrated generally in the larger cities. where manu-
facturing activity has grown faster than the national
trends during the past two decades. Nearly 20 percent of
the subbasin employment is now in manufacturing.
Mineral mdustry growth will depend upon expansion in
the nonmetallic and fuels sectors. The nonmetallic
minerals are primarily in construction materials — sand.
gravel, stone. cement. and clays. Coal production is
expected to expand to meet the demands for thermal-
electric power production. Future petroleum output is
uncertain, depending upon technological developments
in the production of viscous crude oil. Present trends
indicate that the economic importance of agriculture
will decline  while the noncommodity-producing
industries.  manufacturing.  and  other commodity-
producing industries will rapidly increase.

In view ot the large economic potential of the
subbasin. the population of the Lower Missouri Subbasin
is expected to grow from a 1960 population of
2,233.500 to 5,732,000 in the year 2020. The 1960
population was  classified as: 842200 rural and
1.391.300 urban. Farm residents numbered 332.600
persons and 509.600 were classified rural nonfarm.
There were 1.237 places in the categories of munici-
palities and villages in 1960.

[t was estimated in 1965 that 291 of these places.
with 1.821.000 persons or 75 percent ot the subbasin
population. were served by public water supply systems
Central systems served 211.000 rural people. Approxi-
mately 602.000 persons in the subbasin were served by
individual water systems

Future municipal and rural domestic water require-
ments were estimated on the basis of the existing or
projected size of the communities and their location
with respect o the precipitation effectiveness index line

These estimated municipal and rural domestic demands
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are expected to increase from 235.000 acre-feet in 1965
to 801,000 acre-feet in 2020.

Some industries obtain their water supply from
municipal systems and are considered in the municipal
water demand totals. There were 92 industries in the
subbasin reported in 1965 to have individual water
supplies. Based on this limited available industrial data.,
water demands tor mdustrial development are expected
to increase trom the reported use of 96.000 acre-feet in
1965 to a projected demand of 362.000 acre-teet in
2020.

The demands for water for thermal-electric power
production are projected to be 958,000 acre-feet in
2020, up from 608.00 acre-feet in 1965.

Water demands tor the mineral industry will be in the
nonmetals and fuels sector. Essentially all of the
nonmetal developments are in the construction minerals.
Water diverted tor sand and gravel production is not
included in the total water requirements figures. Only a
small amount of water will be required for the pro-
duction of coal. Total mineral industry water demands
are expected to grow from 4.000 acre-feet in 1965 to
11.000 acre-teet by the year 2020.

Total municipal and industrial water demands are
expected to grow from 963,000 acre-teet in 1965 to a
2020 demand of 2.132.000 acre-feet. Table 84 is a
summary of these current and projected municipal and
industrial demands.

Table 84 — MUNICIPAL, RURAL DOMESTIC, AND
INDUSTRIAL WATER DEMANDS,
LOWER MISSOURI SUBBASIN, 1965-2020

Use 1965 | 1980 | 2000 | 2020

(1,000 Acre-Feet)
Municipal & Rural

Domestic 255 323 460 801
Industrial (General) 96 171 252 362
Mineral 4 10 10 11
Thermal-Electric Power 608 780 88§ 958

Total 963 1.284 1.607 |2.132

In 1965 the gross demand of 963.000 acre-feet was
met 88 percent by surtace water diversions and 12
percent trom ground-water withdrawals. Kansas City.
Missouri. with the largest water supply syvstem i the
subbasin. serves about 700.000 people and a complex ot
industries. The second largest public water supply
svstem in the basin is Independence. Missouri. serving a
population of 112900

The population m the Lower Missourt Subbasin s
expected to increase from 2.423.000 in 1965 to about

§.732.000 in 2020. Central water services are expected

to increase from 1.821.000 to S 470,000, an increase ot
3.649.000 who will need new supphlies, treatment, and
distribution svstems. Included i the increased services

3

by central systems are 2,805,000 urban people. 844.000




k-
people lving in villages and communities under 2.500 treatment would be desirable for 59 other systems
and rural households. and about 26.000 pcu}\lu n tarm shown in the data summarized in table 85 “j- the vear
households. Individual pressure systems are \.‘\I‘L'ulL‘nl Lo 1980, S115 million will be re {‘»”I""i to provide U
service 248.000 or 95 percent of the remaining popula- facilities to adequately treat the present water \
tion in tarm and nonfarm households and only 14.000. and provide for future water treatment plant enlarge
or less than 1/4 of one percent of the population of the ments. additions. the rehabilitation of obsolete

b basin will be without running water by 2020 and for new plant construction. An additional S148

I'wenty-nine of the 291 water supply systems in 1965 million will be required in the 1980-2000 period and

were classified as inadequate. Improvements in $136 million between year 2000 and 2020

Table 86 - SUMMARY OF EXISTING MUNICIPAL WATER SUPPLIES BY SOURCE
LOWER MISSOURI SUBBASIN

| Number of
| Supplies
Total Ranges of Improved | Requiring
Number of Population Per Capita Quality | Inadequate | Additional
Source of Supply Supplies Served Use Desired Quantity | Treatment
(1000) (gped) (No.j (No.) [
Surface Water 96 1200 29-274 S | - | 6
Ground Water 190 38S 18-284 54 | - - I 23
Combined Surface and ‘
Ground Water 5 236 51-120 --
Total | 291 1821 18-284 59 l 29

Potable Water Supply -~ A Public Necessity
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Steam -Electric Power Generation Reflects In Adequate Water For Cooling




The projections of future electric power needs are
made. not only to determine the probable effect on the
basin economy and use of its natural resources, such as
fuel. but also to develop estimates of future needs for
cooling water.

Historic and future electric power requirements pre-
sented herein are tor the Missouri River Basin Power
Region. The power region varies only slightly trom the
basin n area. having been designated to follow generally
the boundaries of Federal Power Commission Power
Supply Areas. hereinafter referred to as PSA's. Data
given are by subareas which correspond to PSA’s or
portions thereof within the power region and are further
disaggregated to subbasins.

Predictions that have been made as to the types of
thermal-electric generating stations which will supply the
future power requirements, taking into account the
existing and potential hydroelectric projects. are utilized
in estimating future needs for cooling water. The power
requirements projections utilized are based on the latest
views of the related Regional Advisory Committees
currently engaged in assisting the FPC in updating the
Federal Power Commission’s National Power Survey.

EXISTING SITUATION

Power Region

The MRB Fower Region consists of all or parts of the
10 states comprising the Missouri River Basin — Mon-
tana. Wyoning. Colorado, Kansas, North Dakota. South
Dakota, Nebraska. Minnesota, lowa, and Missourt. The
boundary coincides with that of the Appendix on
Economic Analysis and Projections, except that St.
Charles and Franklin counties, Missouri, and Sweetwater
County, Wyoming, are included in the power region: and
only the areas in Glacier and Silver Bow counties,
Montana. served respectively by the Glacier County and
Vigilante Cooperatives, are included.

The subregional breakdown of the area contained
within the designated study boundary does not lend
iiself readily to power analysis: therefore. the FPC
Power Supply Area (PSA) was selected as the unit for

CHAPTER 4

ELECTRIC POWER

estimation of projected power requirements. PSA’s
represent geographic areas which are essentially the
service areas of groups of major electric utilities. Unless
otherwise stated, data given by PSA’s include only that
portion of the PSA within the MRB Power Region. This
region includes parts of PSA’s 15, 16. 17,26, 29, 30, 31.
32. 34, and the whole of 27 and 28. PSA 15 excludes
the city of St. Louis and St. Louis and Jefferson
counties, but includes St. Charles and Franklin counties
(see figure 21).

For purposes of conformity. the projected PSA
power requirements. power supply. and water require-
ments and consumptive use are disaggregated to the
study subbasins: Upper Missouri, Yellowstone, Western
Dakota, Eastern Dakota. Platte-Niobrara, Middle Mis-
souri. Kansas. and Lower Missouri, as well as to that
portion of the Red River of the North Basin included in
the MRB Power Region. The difference between the
Missouri River Basin and the Power Region is the
included portion of the Red River Basin. In the tables
presenting subbasin data. the Missourt River Basin has
been subtotaled for correlation with other chapters of
this appendix.

Basin Economy as Related to Power

Electric energy consumption is related primarily to
population and to use for development of natural
resources. Increased population requires increased use of
electricity in the home, in commercial establishments,
and i recreational and other activities. A rising standard
of living results in increased use per customer. Develop-
ment of available natural resources imposes increased
electric energy demands in the mine. factory. null. and
on the farm: however, without the incentive of available
clectric power, the development of natural resources and
the related population growth will diminish. Thus. the
availability  of economical electric energy 1s a key
element in the economy of a region and. in turn, the
power industry is directly affected by the economic
climate

Manufacturing within the Missourt River Basin s
concentrated primarily i the processing of agricultural
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products. In addition to the food product industries
which are widely distributed. other industries such as
petroleum refineries. paper and allied products, primary
metals. and chemical products have been growing exten-
sively within the region. This is due to the wealth of
natural resources. including minerals. coal. oil. and some
natural gas

Of particular significance to  the production of
electric power is the supply of fossil fuels. which is not
expected to impose quantitative limitations on the use
of coal. gas. and oil in the producing and contiguous
areas between now and 1980. However. in tollowing
decades. the development of economical nuclear and
lignite plants. coupled with a reduction m oil and gas
reserves. should result in substantial amounts ot electric
power generation utilizing nuclear and lignite  fuels
rather than the conventional fossil tuels. Ninety-eight
percent of the national lignite reserves are in western
North Dakota and eastern Montane. In addition. exten-
sive deposits of bituminous and subbituminous coal are
found in Montana. Wyoming, and Colorado. Figure 21
shows the location of coal fields ot all types in the basin

Organization of the Electric Power Industry

Fhe Missourt River Basin Power Region in 1965
contained 578 electric utility systems. Ot these, 33 were
investor-owned svstems. 369 were municipal and other
publicly owned systems, 175 were cooperative systems.
and one was the Federal hydroelectric system. The
composition of the 965 power supply s shown in
figure 22 as the Missourt River Power Region minus the
Red River Basin. Operations of some of the utilities
included in the figure extend outside ot the study area
but only that portion of the load and capacity of these
utilities within the MRB Power Region boundary is here

considered.

Investor-owned uatilities comprise about 30 percent ot
the generating capacity and have 60 percent of the
energy requirements. The remaming installed capacity s
about evenly divided between the Federal and publicly
owned systems. However. the Federal system generates
about 70 percent more than the publicly owned system.
supplying most of the requirements of the cooperatives
m the basin. which produce less than one percent of
their own needs.

FIGURE 22
COMPOSITION OF [965 POWER SUPPLY
M URI RIVER POWER REGION MINUS RED RIVER BASIN)
OF SYSTEMS NSTALLED CAPACITY JIREMENT S
(MILLION KW) BILLION KWH
216 34 557 7 za of] 254 136 39 3689
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About one-halt of the pubhic systems. which for the
most part are quite small. have generating equipment
whose productior often is supplemented by external
purchases. The cooperative group is comprised of a few
generating and transmission systems and numerous
distribution cooperatives varying considerably in size.

Recognition should be given to the nonutility supply
which 1s composed almost entirely of industrial genera-
tion. In 1965, the nonutility generating capacity was
about 156,000 kilowatts, compared with utility capacity
of 10.3 million kilowatts. The nonutility generation was
about 660 million kilowatt-hours compared with utility
generation of 39.330 million kilowatt-hours. Because of
the relatively minor impact of the nonutility supply on
the total current supply. and because of uncertainties of
the future. consideration of this source of supply and its
negligible effects on water
omitted from the projected supply

requirements have been
utilized in this
analysis.

In perspective, the electric power requirements of the
MRB Power Region in 1965, aggregating 38.0 billion
kilowatt-hours. were approximately 3.6 percent of the
national total. The total generating capacity was 10.3
million kilowatts. representing 4.4
national total. The 1965 annual peak loads and energy
requirements by PSA’s are shown in table 86.

percent of the

Table 86 — MISSOURI BASIN POWER REGION
1965 ANNUAL PEAK LOADS AND
ENERGY REQUIREMENTS

Annual Annual Annual
Peak Energy | Load
PSA Load Requirements | Factor**
(Mw)* (Million kwh) | %

15 345 1.541 S1.0
16 165 822 | 569
17 1.907 8.540 ! SIL
26 340 1.645 552
27 627 3471 63.2
28 1.444 5.957 47.1
29 847 3712 50.0
30 439 2,582 67.1
31 443 2.668 68.8
32 995 5.176 594
34 542 2516 53.0
Total 8.094*** 38,630 4.5

*Mw. (megawatts) — 1.000 kilowatts (kw.)

**Annual energy requirements divided by product of the
annual peak load and the number of hours in the vear
(1 72 o Energy )
( Pk. Ld. x No. hrs. in yr.)

***Non-comncident

Generation

Steam plants using coal and gas as fuels generate the
major portion of electric energy in the MRB Power
Region, with hydroelectric plants  contributing sub-
stantially to the power supply. There are numerous small
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diesel plants, but these account for an msignificant
portion of the total. The gas turbine 1s becoming popula
In some areas as a source of peaking and emergency
power, but this application is expected to remain
relatuvely small.

Estumated energy and capacity requirements ot the

MRB Power

reports and service area maps tiled with the Federal

Region were determined by analysis of

Power Commission by electric utilities serving the area
These requirements were estimated to be 38,630 million
kilowatt-hours and 10.119 megawatts in 1965, Sub-
tracting the requirements from the supply (see table 87)
indicated a net excess of 700 milhon kilowatt-hours and
224 megawatts which were transterred out ot the power
region.

The MRB Power Region exported only a relatively
small amount of energy and capacity in 1965, This 1s
short-term power which will vary in direction ot tlow
such that at times there will be 4 net import of power
and, at others. a net export. The overall. long-time eftect
is for the transfers to cancel to zero. and they have been
so considered in projecting the future power-supply
requirements.

There are several small thermal-generating plants
boiler fuel for steam-electric

utilizing  lignite as a

generation. Currently. two large lignite plants in the

order of 200 megawatts are in operation in the lignite
fields ot North Dakota. A third umit s under con-
struction and a construction schedule has been estab-
lished tor a fourth unit of 400 megawatts. In addition, a
subbituminous plant of 200 megawatt magnitude has
been mstalled in Montana.

Lignite-Fired 200-Megawatt Steam-Electric Plant
near Stanton, North Dakota

Another recent development mfluencing the type of
power supply in the basin is the breakthrough ot the
About 2.500 megawatts

nuclear powerplant cost-barrier
of nuclear generating capacity 1s scheduled for install-

ation in the basin by early 1970




Nuclear Generating Station, 800 Megawatts, Scheduled
for 1972 — near Brownville, Nebraska

As shown in table 87 hydroelectric plants in the MRB
Power Region accounted for 28 percent of the 1965
generating capacity and produced 35 percent of the
energy. This hydro capacity is concentrated mainly on
the main stem of the Missourt River. Federal plants
constitute the bulk of the hydroelectric supply. ac-
counting for approximately 80 percent of the total.

Table 88 lists the generating plants of 10 megawatts

and over installed in the basin as of June 30, 1965 and

their types of ownership

Transmission

The technological development of higher transmission
voltages has made practical the moving ot lurger blocks
of electric power over long distances. This has encour-
aged a trend toward integration of utlities mto larger
operating systems to permit lower capital and operating
costs. An extensive 230-kilovolt transmission network
has been constructed to connect the major hydroelectric
plants and to distribute the large blocks of power
produced at the Federal plants.

Smaller capacity transmisston lines also serve the
basin with voltages generally in the order of 115 135-
and 1o61-kilovolts. These lmes are owned by the other
segments of the power industry in the basin (investor,
public. and cooperative) as well as by the Federal
Government. The primary tunctions ot the lines are

transmission of the power generated at the owners’

Table 87 — MiSSOUR!| BASIN POWER REGION 1965 INSTALLED GENERATING

CAPACITY AND PRODUCTION

Capacity in Mw Lo Net Generation in Million Kwh
PSA Thermal Hydro Total Thermal Hydro Total
15 238 176 q14 757 582 1.339
16 104 104 216 216
17 1.790 .- 1.7 5.596 5.596
26 219 - 219 376 - 376
7 414 1.874 2.288 1.283 8432 9.71S
28 1.308 138 1.446 4.000 548 4,548
29 826 2 828 2.851 12 2.863
30 69 318 3 170 2507 2677
31 583 209 792 1.859 867 2.726
32 1.096 186 1,282 4416 698 S.114
34 788 S 794 4.149 11 4.160
fotal | 7435 2.908 10.343 25.673 13.657 19.330

X 54 -
- ks e e
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Gavins Point Dam and Hydroelectric Plant on Missouri
River near Yankton, South Dakota

Yellowtail-Custer 230-Kilovolt Transmission
Line. Montana
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Table 88 — EXISTING GENERATING PLANTS — MISSOURI BASIN
10 MW AND OVER
(AS OF JUNE 30, 1965)

PLANT LIST — COLORADO PLANT LIST — MINNESOTA
No. & Name of Plant MW Capacity & Type Owner Code No. & Name of Plant MW Capacity & Type Owner Code
2 Arapahoe 250.5 St PSCO 44 Worthington 16.5 St WORT
5 Boulder 20.0 Hy PSCO
7 Cabin Creek 300.0 Hy* PSCO OWNERSHIP LIST
9 Cherokee 420.5 St PSCO
12 Estes 45.0 Hy USBR WORT MUN Worthington
13 Flatiron 71.5 Hy'! USBR
14 Fort Collins 11.0 St FOCO N
23 Pole Hill 33.2 Hy USBR PLANT LIST — MISSOURI
25 Valmont 281.8 St PSCO : s
30 Zuni 115.2 St PSCO No. & Name of Plant MW Capacity & Type Owner Code
3 Blue Valley 115.0 St (Insert Map)! INDN
*Pumped Storage: Under Construction 6 Chamois 59.0 St CEEP
Hincludes 8.5 MW Pumped Storage 7 Chillicothe 15.0 St CHIL
8 Clinton 15.5 St MIPL
OWNERSHIP LIST 9 Columbia 59.3 St COLM
11.5GT COLM
FOCO MUN Fort Collins 10 Edmond St 33.5 St SAIL 5
PSCO PRI Public Service Co. of Colorado 11 Fulton 11.5 St FULT
USBR FED U. S. Bureau of Reclamation 12 Grand Ave. 126.8 St (Insert Map)! KACP
13 Green, Ralph 1. 49.5 St MIPU
15 Hawthorne 363.0 St (Insert Map)! KACP
17 Dodgion St. 15.0 St (Insert Map)! INDN
PLANT LIST - 10WA 19 Jefferson City 12.7 St MILC
. o 21 Lake Road 60.6 St SAJL
No. & Name of Plant MW Capacity & Type Owner Code 90.0 St* SAJL
2 Atlantic 10.0 St ATLA 22 Marshall 14.0 St MARM
4.2 1C ATLA 25 Missouri City 40.0 St NOLP
4 Big Sioux 41.0 St 10PS 26 Montrose §63.1 St KACP
11 Council Bluffs 130.6 St 1OPL 28 Northeast 156.0 St (Insert Map)! KACP
17 George Neal 147.0 St 10PS 29 Osage 176.2 Hy UNEC
24 Kirk 17.5 St 10PS 32 Sedalia 11.5 St MIPL
3% Spencer N SPEN 33 Sibley 100.0 St MIPL
39 Summit Lake SOFP 36 Springficld 23.5 St SPRM
SOrp
44 Wisdom, Earl COBP *Under Canstruction
! Figure 23
OWNERSHIP LIST =0
OWNERSHIP LIST
ATLA MUN Atlantic . g
COBP Coop Corn Belt Pwr. Coop. (.l EP C ()f)}‘ Central EL Pwr. Coop
10P1 PRI lowa P. & L. Co. CHIL MUN Chillicothe
10PS PRI lowa Pub. Serv. Co COLM MUN Columbia
SOFP CooP S.W. Fed. Pwr. Coop FULT MUN Fulton
SPEN MUN Spen INDN MUN Independence
KACP PRI Kansas City P& L
MARM MUN Marshall
MILC PRI Missount P. & L
MIPU PRI Missoun Pub. Serv. Co
PLANT LIST - KANSAS NOEP coop N. W_EL Pwr. Coop
SAIL PRI St. Joseph L. & P. Co
No. & Name of Plant MW Capacity & Type Owner Code SPRM MUN Springfield
1 Abitene 33.8 St KAPL UNI(C PRI Union Electric Co
5§ Clay Center 14.2 St CLAY
7 Colby 12.0 St CEKP
13 Hays 19.0 St CEKP :
17 Kaw Station 161.3 St (Insert Map)! KACY ORI ESHONTNA
S ot e i No. & Name of Plant MW Capacity & Type Owner Code
1 (N A 1 Bird. Frank 69.0 St MOPO
25 Quindaro 104.5 St (Insert Map)! KACY 2 Black Eagle 16.8 Hy MOPO
76.5 St* KACY 3 Canyon Ferry S0.0 Hy USBR
28 Ross Beach 12.7 St CIEKP 4 Cochrane 480 Hy MOPO
25.0 St SUNC? 5 Fort Peck 165.0 Hy USAR
29 Russell 15.8 1C RUSS 6 Hauser Lake 17.0 Hy MOPO
30 Tecumseh 346.1 St KAPI 7 Holter 384 Hy MOPO
1 Figure 33 10 Lewis & Clark S0.0 St MODU
2L eased to and operated by Central Kansas Pwr. Co 11 Morony 45.0 Hy MOPO
*Under Construction 12 Mystic Lake 100 Hy MOPO
14 Rainbow 35.6 Hy MOPO
OWNERSHIP LIST 1S Ryan 480 Hy MOPO
17 Yellowtail 250.0 Hy * USKR
CEKP PRI Central Kansas Pwr. Co
CLAY MUN Clay Center *Under Construction
KACY MUN Kansas City OWNERSHIP LIST
KAPL PRI Kansas P. & L. Co
OTTA MUN Ottawa MOPO PRI Montana Power Company
RUSS MUN Russell USAR D LS. Army
SUNC COOP Sunflower Elec. Coop USHR FED U S, Bureau of Reclamation
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Table 88 — (continued)

PLANT LIST - NEBRASKA PLANT LIST - SOUTH DAKOTA POSSIBLE FUTURE HYDRO
No. & Name of Plant MW Capacity & Type  Owner Code No. & Name of Plant MW Capacity & Type  Owner Code Name of Plant MW Capacity
1 Alliance 16.5 St ALLI 1 Aberdeen 13.5 St NOPS (Montana)
2 Bluffs 4228t COPD 2 Big Bend 234.0 Hy USAR
3 Burdick. C. W 39.5 St GRIS 2340 Hy* USAR
4 Canaday 108.8 St CENP 3 Fort Randall 320.0 Hy USAR A Allenspur 250.0
5 Columbus 39.9 Hy LORP! 4 French. Ben 22.0 St BLHP B Buffalo Rapids 30.0
6 Fairbury 8.7 St FABU 10.01C BLHP C Fort Benton 300.0
12.5 S¢* FABU S Huron 125GT BLHP D Low Rocky
7 Falls City 10.01C FACY 6 Kirk 31.5 St! RULP Point 94.0
& Fremont No. 1 44.0 St FREM 7 Lawrence 48.0 St NOSM E High Cow Creck 7200
9 Fremont No. 2 21.0 St FREM 8 Mitchell 15.0 St NOPS b Lombard 25.0
10 Gavins Point 100.0 Hy USAR 9 Mobridge 8.5 St MODL G Ennis 58.0
11 Hastings 3208t HAST 3.4 1C MODU H Hardy 19.0
12 Pine Street 17.5 St GRIS 10 Oahe 595.0 Hy USAR I Hebgen 12.0
13 Jeffrey Canyon 18.0 Hy CENP 11 Pathfinder 66.0 St* NOSM J Gibson 11.0
14 Johnson Canvon No. 1 1%.0 Hy CENP 12 Sioux Falls 15.5 St NOSM K Tiber 10.0
15 Johnson Canyon No. 2 18.0 Hy CENP
16 Jones Street 173.5 St OMPP 116.5 MW leased to Black Hills P. & 1
17 Kramer 112.5 St NEPP *Under Construction
18 Lincoln - K Street 31.7 8t copp! (Missouri)
19 Nebraska City 106 1 NECL . :
20 North Omaha 4271 St OMPP OWNERSHIP LIST A Richland 200
21 North Platte 26.1 Hy PLVP! B Rich Fountain 40.0
22 Ogallala 758 S‘( ( (DP:’) BLHP PRI Black Hills P & 1 ¥ C Pattonsburg 350
3.7 1 COPD MODU PRI Montana-Dakota Util. Co D Pomme de Terre 16.8
23 Sheldon 108.8 St COPD :::ﬁ:i ::z: :"'::“N\_\'l"" "“l"‘ it E Stockton 45.2¢
5 > § orthern States Pwr. Co C y f 5] 3le
Ll S LR RUEP COOP  Rushmore EL Pwr. Coop B avsingeriBiut CdSE
fl‘unwd to Nebraska P.P.S USAR Frn U.S. Army Puinged Storage
Under Construction YUindis Bontiraraon
OWNERSHIP LIST
ALLL MUN Alhance .
CENP STATE  Central Nebr PP & Irr Dist PLANT LIST - WYOMING (Colorado)
COPD STATE  Consumers P.P. Dist
FABL MUN Fairbury No. & Name of Plant MW Capacity & Type  Owner Code A Elkhorn 274
l: ACY \ll.\ Falls City I Wore 12.0 St MODU B I_mpm' 28.8
FREM MUN Fremont ¥ Reova 36.0 Hy USBR C Grant 2000
GRIS MUN Grand Island 3 Bovsst 15.0 Hy USBR D Crossons 26.0
HAST MUN Hastings 4 Clhisyensie Iil 01¢ CHLI E Resort Creek 52.0
LORP STATE  Loup River PP Dist ¢ Fremont Canyon 4%.0 Hy USBR F Two Forks 116.0
NECU MUN  Nebraska City 7 Glendo 24.0 Hy USBR o nudre 12
NEPP STATE  Nebraska P.P. System 8 Johnston, Dave 456.7 St PAPL H Sheep Creck 13.5
OMPP STATE  Omaha PP Dist 9 Koetes 36.0 Hy USBR I Canyon 19.8
PLVP STATE  Platte Valley PP & lrr. Dist i Osage 23.0 5t BLHP I Bug Hill 18.6
S . we 2 ” >
USAR FED U.S. Army 11.5 St RUEP! K '_1\ 13.0
12 Rock Springs 25.0 St PAPL L ‘Singleton 19.0
13 Seminoe 324 HY USBR o sheumed 14
PLANT LIST - NORTH DAKOTA N Insmont 142
No. & Name of Plant MW Capacity & Type  Owner Code 111.5 MW leased to Black Hills P. & 1
1 Beulah 13.58¢! MODU
2 Bison 10.0 St NOSM P . (MWyoming)
3 Devils Lake 12.5 St orTP i ot
e 2908 sk BLHP PRI Black Hills P & I e L
2.81C NOSM CHLY PRI Cheyenne Light. Fuel & Power Co B Sheridan 25.0
S Garrison 400.0 Hy USAR MODU PRI Bton e Dak it i C Hunter Mountain 144
6 Grand Forks 16.0 St NOSM - Al D Thief Creck 125.2
7 Heskett 100.0 St MODU Al e IS E Sunlight 14.9
. RULP coop Rural EL. Co o
8 Kidder 20.5 St OTTP USBR FED U. S Burcau of Reclamation F  Big Goose No. 2 15.0
9 Neal. Wm. ) 38.5 St CEPI = - = = G Paintrock No. 2 12.0
10 Olds, Leland 2000 St* BALP H Seminoe Additions 108
11 Stanton 172.0 St* UNPA I Pedro Mountamn 18.0
12 Williston 2051 MODU ] Guernsey
8.0GT MODU Additions 10.0
13 Wood, Franklin P 21.5 St MIPI
10.8 I( MIPI
17,8 MW leased to MODU by Dakotas FI. Coop., Inc .
* Under Construction i (Nebraska)
OWNERSHIP LIST TYPE OF OWNERSHIP i 22.5
B Northport 10.0
BAEP COop Basin FI Coop PRI Private
CEPF LOOP Central Pwr. E1. Coop., Inc COOP Cooperative
MiIPI COOP  Minnkota Pwr. Coop., Ing MUN Municipal
MODL PRI Montana-Dakota Unl. Co STATE State
NOSM PRI Northern States Power Co FED Federal
orre PRI Otter Tayl Power Co
UNPA Coop United Power Assoc
USAR FED U.S. Army




plants to their loads, wheeling of power from the
Federal system to some of its customers, and coordi-
nation of operations of the power sources ot all entities
serving the basin.

As a result of coordinated planning of transmission
facilities and power supplies, the first 345-kilovolt line in
the Missouri River Basin was built from Kansas City to
Wichita and energized at 138-kilovolts in 1967 and at
345-kilovolts in early 1968. In addition, 345-kilovolt

lines from St. Louis to Kansas City were energized in the
spring of 1968. A 345-kilovolt line from Kansas City to
Omuaha is scheduled to be energized in 1969, A line trom
Omaha to Sioux City and Minneapolis should be
energized early in 1970. Another line 1s being built from
the Cooper Nuclear Station on the Missouri River to
Grand Island: and from Grand Island to Fort Thompson.
Figure 23 shows the major transmission lines existing
and under construction in the basin as of July 1969,
including the 345-kilovolt lines under construction.

FIGURE 23
PRINCIPAL ELECTRIC TRANSMISSION LINES
(As of July 1969)
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POWER PLANNING COORDINATION

Early in 1963, the Burcau of Reclamation and
representatives of over 100 preterence power systems
executed the Missourt Basin Systems Group Pooling
Agreement. which led to the tormation ot 4 power
planning group called the Missouri Basin Systems Group
(MBSG). Its planning committee conducted the first
power survey of the Eastern Division of the Missouri
River Basin Project power system. The results were
released in late 1964 and given wide distribution

Another power planning group. the Mid-Continent
Area Power Planners (MAPP) composed of investor
owned utilities, public power districts. cooperatives, and
he MBSG area.

municipals overlapping a large part ot tl

has also studied the power needs of the area. A new
study of broader scope has been initiated. Guidelines

have been established by the MAPP-MBSG Joint

Engineering uttee  tor conducting o reliability
study for the 1970-78 pertod to be run concurrently
with a long-range planning study tor the 1975-90 period
In addition to systems within the Missourt River Basin.
these studies will include adjacent systems. The objec-

t generating and trans

tives will be to determine wi

mission tacilities will be needed to provide an adequat

HYDROELECTRIC POWER

Present Stage

A\ 196 hydroel IC power supj within
{ basn s itbout XU plant [hese plant
generated 13 yvillion Kilowatt-hours, or 35 pe nt of
th i nergy  requirement ind id an installe
ipacity ot 2908 W d which was 28 p ent of
¢ basi tota Ot the tal vd < | (K] \
1 1 1965, abo Y ¢l PIEse |1
pla vhich g i 5 t of tl nergy
I{ 11 £ i CiC 1 W Wi 1 \ )
! I v [O-0OW1 1t
Disg Lot - VOt ra | at Federal hvdro
tr dey I { Missouri River Basi
Ver! 1 D | ind ian Istered by the
S tary ol l The B R | |
W is power generated at
v I the ( t Engimeers in the muddle and
M R Basin. Southeastern Kansas and the
Stat M within the general marketing area of
S thw t Pow Administration ind that
keting responsibility for
( { nder co

The Federal hydroelectric system in the Missourl
River Basin is known as the Missouri River Basin Project
Power System. The system is divided into two marketing
areas called the Eastern and Western Divisions. [n 1965

the generating capacity of the system consisted of 22

exISLing

plants with three others under construction All
of the authorized hydro-power plants on the main sten

have been completed. The six main-stem plants. plus the

ants. produce the bulk ot

Yellowtal and Canyon Ferry p

1es of thesc

the Federal supply. Table 89 hsts the
plants. their mstalled capacity. and owners. By the end

of 1966, with all units in operation. the total Federal
720

namey late capdacity m the basin was 2 megawatts

Yellowtail Dam and Hvdroelectric Plant.
Bighorn River, Montana

In order to dispose of the large block of power
produced. a large-capacity  transmission  system  is
required. connecting the major Federal power plants and
mterconnecting with the other major power systems
within and adjacent to the marketing area. This system
permits tull coordination of water releases and plant
generation at the several dams and the maximum output

of power. [t also permits integration of the hvdroelectric

with the fuel-burning generating plants in the
basin. so that large amounts of secondary energy are
available which can be used effectively to save fuel. In
addition. fuel plants can be used to supply the base load
requirements of hydroelectric systems customers during
idverse water vears. thus effecting maximum power

ind economies for the overall system

About 9.120 miles of Federal transmission lines are
mpleted and in service. The first Federal 345-kilovolt

transmission line in the Missourt Basin is being

con
structed between Fort Thompson, S. Dak.. and Grand
Island. Nebr. This line will interconnect with another
345-kilovolt line to be built by Consumers Public Power
Instrict betw n Grand Island and Brownville Nebir

1mnd ventually will L into a regional 345-Kilov It

Py




:
.
.
n
]
1
:

\
l

Table 89 — MISSOURI BASIN POWER REGION HYDROELECTRIC PLANTS

IN SERVICE AS OF DECEMBER 31, 1965

Federal -~ 10Mw and Over

Total

PlantName ~ Owner Installed
Mw)
Big Bend USAR 292
Fort Peck USAR 165
Fort Randall USAR 320
Garrison USAR 400
Gavins Point USAR 100
QOahe USAR 595
Subtotal USAR 1.872
Alcova USBR 36
Boysen USBR 15
Canyon Ferry USBR S50
Estes USBR 45
Flatiron USBR 72
Fremont Canyon USBR 48
Glendo USBR 24
Kortes USBR 36

Pole Hill USBR 3
Seminoe USBR 32
Subtotal 391
T'otal 2,263
Under 10 mw

Miscellaneous 31
Total Federal 22941

__Non-Federal — 10Mw and Over

Total

PlantName ~ Owner  Installed
(Mw)
Black Eagle MOPO 17
Boulder PSCO 20
Cochrane MOPO 48
Columbus [LORP 40
Hauser Lake MOPO 17
Holter MOPO 35
Jeffrey Canyon CENP 18
Johnson Canyon #l CENP I8
Johnson Canyon #2 CENP 18
Morony MOPO 45
Mystic Lake MOPO 10
North Platte PLVP 26
Osage UNEC 17
Rainbow MOPO 36
Ryan MOPO 48
Total 57§
Under 10 mw
Miscellancous 39

Total Non-Federal 614

Ownership Code

CENP State-Central Neb. P.P. & 1.D.

LORP State-Loup River P.P. Dist.

MOPO Private-Montana Power Co.

PLVP State-Platte Valley P.P. & 1.D.

PSCO Private-Pub. Service Co. of Colo.
UNEC Private-Union Electric Co.

USAR Federal-U.S. Army. Corps of Engmeers
USBR Federal-U.S. Bur. of Reclamation

FAdditio 21 176 megawatts installed at Big Bend and 250 megawatts at Yellowtail plant in service during 1966. Total capacity in

1966 . 2,720 mega« atts.

network. The objectives of this line are to unplement
long-term plans to market Federal peaking power in
conjunction with nstallation of thermal generation by
non-Federal entitiex. and to enhance the reliability of
the Bureau’s trans aission network. Additional lines in
the order of 345 kilovolt and possibly 500-kilovolt. are
contemplated for future development. These lines would
enable large lignite plants to economically distribute
their output to loads scattered throughout the basin. and
would w50 serve to reduce required reserves and to
icrease iclability

The power marketing area of the Eastern Division of
the Missouri River Basin Project power system includes
all or parts of the States of Montana, North Dakota,
South Dakota, lowa, Nebraska., and Minnesota. The
Federal power facilities in the Eastern Division consist of
6,112 circuit-miles of transmission line, the Bureau's
Canyon Ferry and Yellowtail powerplants. and the
Corps of Engineers” main-stem powerplants. The power
marketing arca of the Western Division includes those
parts of Colorado and Wyoming in the Missourt River
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Busin and part of Nebraska. Within the basin, the
Federal power facilities in the Western Division include
3.000 circuit-miles of transmission line: Kortes, Glendo.
and Boysen Powerplants: and the integrated Colorado-
Big Thompson, Kendrick. North Platte. Shoshone. and
Riverton Project Powerplants.

Fort Peck Hydroelectric Plant, Missouri River, Montana
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The coordination of the generation and operation of
the powerplants in the Eastern Division is controlled by
the Bureau of Reclamation’s Central Power System
Operations Office at Watertown. S. Dak. An extensive
communication system and automatic control equip-
ment regulate power generation and distribution to
customers throughout the Eastern Division marketing
area. System dispatchers at  Watertown. S. Duk..
Jamestown. N. Dak.. and Fort Peck. Mont.. coordinate
the operation of the power system and are in constant
touch with their counterparts in adjacent power systems.
coordinating activities to achieve maximum efficiency in
operations.

Close coordination is maintained between the Bureau
of Reclamation’s Power System Operations Oftice at
Watertown and the Corps of Engineers’ Reservoir
Control Center in Omaha. The control center in Omaha
establishes the water releases to be made from each
reservoir. taking into account firm power loads and
marketing opportunities for nonfirm power in order to
insure maximum etficiency in power generation com-
patible with the other multiple-purpose operations of
the reservoirs. The Bureau of Reclamation’s Control
Center in Billings establishes the water releases to be
made from the Canyon Ferry and Yellowtail plants.

System operation for the Western Division is coordi-
nated at the Upper Platte System Dispatching Oftice at
Flatiron near Loveland. Colo. The power systems of the
Colorado-Big Thompson. Kendrick. Riverton. Shoshone.
and North are integrated with the
Missouri River Basin Project power system for the
purpose of marketing the power produced from these

Platte projects

projects. with the Western Division acting as the market-
ing agent.

Potential Utilization

Several studies have been made to consider the
coordination of the hydroelectric plants with large
lignite-fueled plants being planned for development in
the area. The thermal plants would firm up the
hydroelectric plants, permitting use of a portion of the
hydroelectric power for peaking. Under this plan sum-
mer peaking power is being sold to Nebraska and winter
peaking power to northern cooperatives. This takes
advantage of the seasonal diversity potential which exists
between the northern and the southern portions of the
basin. Because of the detailed analyses required for
testing the feasibility of expanding this type of arrange-
ment. plans for further integration of hydro and thermal
resources are beyond the scope of this study.

The potential tuture hyvdroelectric projects assumed
nerein would increase the total hydroelectric supply to
about 6.000 megawatts, with average annual generation
of 23 billion kilowatt-hours by 1980, although planning
studies may show some of this to be impracticable of

development. Estimates of future projects were buased
strictly on past studies and are therefore tentative. These
assumed  projects were used only to ascertain the
amounts of thermal energy required in the future for the
purpose of estimating water needs for thermal power
production. This determination was made by deducting
the estimated hydroelectric production from the pro-
jected total energy requirements. The amount of hvdro-
electric power involved is small in relation to total
requirements and has only a minor effect on future
water requirements for the thermal-electric generation.
The total of the existing and assumed potential hydro-
electric power supply for 1980 through 2020 is shown
by PSA’s in table 90.

Table 90 — MISSOURI BASIN POWER REGION
HYDROELECTRIC POWER SUPPLY
1980 THROUGH 2020

PSA Installed Capacity Average Annual Energy
(Mw) (Million Kwh)

15 251 S90

16 - ---

17 --- —

26 --- ---

R 2.080 8.878

28 138 576

29 3 12

30 2.067 7.134

31 S10 2,313

32 878 2.957

34 248 419
Total 6.175

PROJECTED ELECTRIC POWER
REQUIREMENTS AND SUPPLY

Composition of Supply and Projected
Requirements

Thermal-electric plants now comprise about 70 pei
cent of all the electric generating capacity in the MRB
Power Region. and that proportion is expected to
increase by 1980. Predictions of the patterns of genera-
tion bevond 1980 or 1985 are complicated by several
factors, not the least of which s the accuracy of
predicted total requirements for energy beyvond these
dates. The electric power industry is one ot the most
dynamic in the United States. having experienced an
annual growth rate of between 6 and 7 percent tor a
number of vears. The technology of electric generation
and supply is changing rapidly with the advent of larger
and larger units made possible by the rapid growth. the
increasing reliance on extra high-voltage transmission,
the construction of mine-mouth generation, the utiliza-
tion of unit-type coal trains, and the large increase m the
number of  scheduled  nuclear-fueled  plants. New
methods of generating power could eliminate the con

ventional heat cyele and thus ehminate the need for
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cooling water. Among the most promising of these are
MHD or magnetohydrodynamics: EGD or electrogas-
dynamics: thermionic generation; and the fuel cell.

Projections of future power requirements through
1990 in the power region were completed by Regional
Advisory Committees appointed to assist the Federal
Power Commission in updating the National Power
Survey. Thus, these projections are not based on
material included in the Economic Base Survey for the
Missouri River Basin, although similar basic information
was used in making the projections. In general. the
Regional Advisory Committees. which are composed of
representatives from all segments of the utility industry
in the respective regions. relied. for the most part. on
projections made by and with the advice of the major
utilities operating in the region. These estimates were
supplemented as necessary to achieve full regional
coverage, and the individual estimates and totals were
rechecked with the industry utilities and were ultimately
agreed upon. The energy and load data were checked for
consistency. and the energy projections were also tested
with population projections of the Census Bureau.
Estimates for the period 1990 to 2020 were completed
by the FPC staff. based on the Regional Advisory
Committee estimates to 1990.

As stated previously. the potential future hydro-
production was determined by a subcommittee on
hydroelectric power. Economic feasibility has not been
established for the potential projects. and consequently
the amounts of hyvdropower deduced trom the total
power requirements may be different than the amount
ultimately found feasible of development

Table 91 shows the thermal requirements and supply
by FPC power supply areas tor the years 1965, 1980,
2000. and 2020. [t retlects the approved (1968) load
projections by the FPC's Regional Advisory Commuttee
and shows the amounts of thermally generated power
which will be required in each power supply area. The
plant locations cannot conform entirely to this geo-
graphic pattern of requirements. because the surplus of
hydroelectric and fossil fuel resources in some areas may
be utilized in others. For instance. the installed capacity
in PSA 27
because power from the Federal hydroelectric plants is
marketed PSA's. In

reserves of lignite lie close to the surface i the western

is considerably larger than load requirements.

i several other addinon. vast

half of North Pakota and in several counties of eastern
Montana and Wyoming. The. fuel can be strip-mined at
low cost and exhibits great promise as a boiler fuel. It is
that developments ot hignite-fueled

probable large

Table 91 — MISSOURI BASIN POWER REGION EXISTING AND PROJECTED THERMAL
REQUIREMENTS AND SUPPLY

PSA T am = L
Capacity 15 [ 16 l 17 [ 26 | 27 [ 28 | 29 { 30 L 31 1 2 | = Total
Thermal Capacity (Mw)
1965 ; 1 1
Required 295 201 2.585 482 (1.09m! 1.642 993 281 345 1.136 | 565 7435
Installed 238 104 1.790 | 219 414 1.308 826 69 583 1.096 T8N 7.435
l 1980
Required 1.037 570 6.110 | 840 86 4.867 2,597 (88231 1180 2,352 1.712 | 20469
Installed 1,037 34 3.804 S 3.600 3.083 2.597 33 | 1.05% 2352 1.712 | 20.469
| |
i 2000 { 1
Required 3715 1.808 | 17.865 | 2.854 4.768 | 14.394 5,71 1.663 | 4.710 8412 5.092 | 70.998
Installed 3,7k5 1448 | 13.512 2.042 | 13.100 | 11.587 57117 1.663 | 4.710 | 8412 S.092 | 70998
2020 : ‘5 ‘
Required 7.376 3.584 | 34,126 6,250 | 11.282 | 28.075 9.257 8.013 8.370 | 15922 l 9.172 ;141.417
Tnstalled 7.376 2,787 { 23.777 4.781 | 32.700 | 19,272 9.257 R.013 8.370 ) S22 | 9.172 ]Hl.-‘:'
Thermal Energy (Milhon Kilowatt-Hours)
|
1965 ‘ } l i
Required 864 32 | 11,152 1,730 | 4.960)'| 5204 | 2.675 | IXN 1.801 | 4455 1.472 J 25.673
Installed 757 216 5.596 376 1.283 4.000 l 2851 | 170 | 1.859 | 4416 4.149 i 25673
1980 “ i *
Required 4.310 2.800 | 25.000 2.500 622 |17.524 | 10.038 (R3N Y 6.517 | 12,673 7.581 E 88.731
instalied 4.310 1.885 ( 17.100 2,500 | 15,637 10774 \ 10.038 266 | 5967 | 12.673 7.581 | 88.731
2000 1 1 {
Required 14.610 8900 | 78.700 | 11400 | 21.222 |52,524 | 26.688 | 13,866 | 25417 |43.843 | 22.381 |319.551
Installed 14,610 | 7.185 | 64,600 | 7.300 | 52.037 [41.624 | 26688 | 13.866 | 25417 [43.843 | 22381 [319.551
2020 | | |
Required 20,110 | 17.500 154,000 | 27.800 {50,022 J03.424 | 44,188 | 46,866 | 45,537 | 83743 | 41581 643771
Installed 29110 | 15.200 [130.600 | 23.500 [10S.037 L“,.\‘,J(N 44188 | 46.866 l 45.53 83.743 l 41.581 1,.4 3.771

ISurplus hy dro
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thermal plants will be realized between 1980 and 2020
In consequence. large amounts of power from lignite-
fueled plants in PSA 27 may be transmitted to other

areas.

Giant Mining Wheel in Operation Near Stanton. N. Dak.

Used Here To Remove Overburden From Lignite Beds

The subsequent tables showing installed capacity by
PSA's and subbasins were predicated on the above
assumptions of utilization of lignite and hydroelectric
resources at distant load areas: however. recent studies
by an FPC Regional Advisory Committee indicate that
more nuclear generating capacity may be installed 1n
PSA 28 than shown herein. This would reduce the lignite
development projected in PSA 27. Because the studies
are not completed. the tables represent the best data
available at this time. Preliminary findings of the
committee indicate that there would not be any material
etfect on the basin.

Before determination of the thermal power required.

an allowance was made for importation ot power from

the proposed Nelson River Hydroelectric Power Project
in Manitoba. Canada. This development is under active
consideration and. therefore. imports of 300 megawatts
in 1980 and 400 megawatts in 2000 have been included
Also. it has been assumed that by 2020 the net import
will be zero. inasmuch as the power may then be
required for markets within Canada

Because the thermal-electric plant cooling require-
ments differ somewhat with different types ot fuel.
estimates were made of the amounts of power in
kilowatt-liours to be produced by each type of thermal
plant shown in table 92. The projected composition ot
the future thermal-electric power supply shown in this
table reflects the consensus of the advisory group which
was appointed to render assistance on this and other
related matters. The trend toward the increasing number
of nuclear generating plants has been taken mto account
in the projection of the future power supply. An
allowance was made for development of new “exotic”
types not requiring condensing water. of which MHD
(magnetohydrodynamics) appears the most promising
Included in the “noncondensing™ category are internal
combustion plants. many of which were installed early
in the development of the power industry. Expansion of
transmission systems and imcreasing coordination among
utilities should permit utilization of larger and more
efficient steam units. This would result in the phasing
out (by obsolescence) of the small internal-combustion
plants. This accounts for the reduction in the non-
condensing from 1965 to 1980. In

type of plant

subsequent vears, MHD and gas turbines constitute the

plants shown as “noncondensing type™ in the table.
Tables 93 and 94 present by PSA’s and subbusins the

existing and projected thermal-electric  generation

requiring condenser cooling water by type ot cooling

system. Tables 95 through 98 summarize the existing

and projected power requirements and supply in each
PSA and subbuasin.




Table 92 — COMPOSITION OF THE THERMAL ELECTRIC POWER SUPPLY

IN THE MISSOURI BASIN POWER REGION

1965 1980 2000 ‘ 2020
- . - s B e e T e e ST
Energy  Capacity Energy  Capacity Energy  Capacity Energy  Capaaity
Type of Generation Production  Factor Capacity | Production  Factor  Capacity | Production  Factor  Capac Production  Factor  Capacity
— P _Cap Trodu ¥ Lapac 2 ¥ P o
(Million Kwh) Mw) [ (Million Kwh) (Mw)  [(Million Kwh) (Mw) | (Million Kwh) (Mw)
PSA 15
Noncondensing types 40 0.09 None - e None = -- 6,000 (.80 850
Nuclear None .- None 7100 051 1,000 19000 0.72 3.000
Lignite None -ne .- None - .- None - None 39 e
Bituminous coal and natural gas A 044 185 4310 047 1.037 7510 4110 013
Total 757 0.36 238 4310 047 1,037 14610 29110 045
PSA 16
Noncondensing types 2 0.01 20 None --- “m= None e ‘.- None -
Nuclear None ) .- None wm= === 4.600 0.79 660 13,000
Lignite None S == None e = None "on va None
Bituminous coal and natural gas 214 0.29 84 1,885 0.68 314 2,585 0.37 788
Total 216 0.24 104 1.885 0.68 31 7.185 0.56 1 448 15,200
PSA 17
Noncondensing types 89 0.07 140 None .- - 0.80 600 ] 30,000 0.76 4,500
Nuclear None .- —e- 5.600 0.80 S00 0.76 7.80( 91,000 0.76 13.600
Lignite None .- .- None .- -e- None - -n- } None --- -
Bituminous coal and natural gas 5,507 (i 38 1.650 11500 (.44 3.004 N400 019 112 9600 0.19
Total 5.596 0.36 1,790 17,100 051 3804 64 600 0.54 13512 \ 130,600 062
PSA 26 ‘
i
Noncondensing types 1 -~ 49 None - .- None - ‘ None .
Nuclear None .. - None == 3600 700 | 18,500 078 -
Ligmte 375 0.25 170 2,500 (.49 2.700 1332 | 5,000 0.27 2081 Y
Bituminous coal and natural gas .- -~ - None .- | None - None
Total 376 0.20 219 2.500 049 7 300 041 2,042 231500 0.56 4781 o
PSA 27 | ! ‘;
% 3
Noncondensing types 53 0.07 85 None = <= | None . - “ None <= -~ =
Nuclear None <en | None - - None . None <oy ~En e
Lignite 664 040 188 15637 049 3600 5§2.037 045 13,100 105037 0.36 32.700 o
Bituminous coal and natural gas 566 0.46 141 None - - | Nune -=- | None -- -- .
Total 1,283 0.35 414 15637 049 3600 53037 .45 13100 | 105037 0.36
PSA 28
Noncondensing types 235 018 147 None .- 4.200 080 600 20,000 0.76 3.000 _--i
Nuclear None S.700 0.50 1,300 | 36 3000 0.50 %300 $2.900 041 14,540 5
Lignite None === v None =iy None ——— ~n <
Bituminous coal and natural gas 3.765 0.37 1161 5.074 0.32 1.783 u.0s 2 SS9 036 1.732
Total 4,000 035 1,308 10,774 040 3083 D41 11587 78409 046
PSA 29 |
Noncondensing types 234 0.18 146 None - sne None ) -
Nuclear None ses BEs 081 SN 13,350 0.76 2.000 | 00 0 5500 )
A | =
Lignite None - | None None e e,
Bituminous coal and natural gas 2617 a44 680 035 2.097 13,338 041 7.188 0.22
Total | 2851 0.39 826 | 10,038 044 2597 26.688 0.53 44188 0.54
PSA 30
Noncondensing types | None | None - | None S None aes - - =
Nuclear { None None 1 None - - 23.200 3,300
Lignite | None None 6 900 (195 830 | 15,600 3.100
Bituminous coal and natural gas 170 028 69 266 0.09 LR 6966 0.9s | N.066 1613
Total | 170 028 64 266 009 138 13,866 (1,98 1.663 ‘ 46866 .66 K013
PSA 31 | :
Noncondensing types | 47 013 42 None None - | None - =
Nuclear None None None - 20000 0.76 2060
Lignite | None None - None ‘ -e- - i
Bituminous coul and natural gas | 1182 038 S41 5967 064 1.088 25417 061 34710 0.54 5370
Total 1.8589 036 583 5967 064 1.055 25417 06l 4710 062 X.370
|
PSA 32 | |
Noncondensing types f 9 .06 1% None S.000 0.71 800 | 200100 0.79 2.900
Nuclear | None 2480 051 1500 14,000 080 2.000 43 300 0.77 6400
Lignite None None None None -
Bituminous coal and natural gas 1 4407 047 1078 10,193 058 2002 24 8543 0s0 $612 20,343 .35
Total 4416 046 1.096 12673 06l 1382 33843 n.s9 S412 §3.743 060
PSA 34 [ |
Noncondensing types a4 021 25 None [ None so None e
Nuclear None e | None | None o | 20,000 0.76 3.000
Lignite None None == 1 | None -
Bituminous coal and natural gas 4,108 0.39 763 0.50 1282 1 0.50 S92 | 21.581 038
Total 4,149 0.37 788 | 0.50 i) ‘ 080 5092 \ 41,581 0.s2
Total Power Region \
Noncondensing types 754 0.12 725 None - 13400 0.76 2.000 76,100 0.77 11.250
Nuclear None - 17,750 067 3010 131950 Nn67 22460 337 900 067 56,990
Lignite 1.039 033 188 18.137 0.49 4.177 61.637 046 15.272 128,637 038 17 881
Bitummeous coal and natural gas 23 KR0 043 6352 52844 045 13282 112,564 041 31.266 104,134 0.34 15,306
Total 25,673 0319 7435 88,731 049 20469 319,581 sl T0.99% 643771 082 141427
122 &
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Table 93 — MISSOURI BASIN POWER REGION THERMAL-ELECTRIC GENERATION
BY TYPE OF COOLING BY PSA'S g
PSA Flow Through Cooling Pond Wet Cooling Tower | Dry Cooling Tower l Total
(Million Kwh)
1965 ;
15 586 === 131 717
16 40 --- 174 - 214
17 4.695 812 === 5.507 !
26 208 38 132 -- 375
27 660 570 - 1,230
28 3.330 63 372 - 3.765
29 63 2.554 2617
30 170 170 g
31 1.812 1.812
32 851 3.556 4.407 A
34 644 3274 187 --- 4.105 3
Total 13.056 3,375 8488 24919
1980 L
15 3.130 1.180 4.310 g
16 710 1,175 1.885 £
17 6.300 3.200 7.600 17.100 $
26 950 150 1.400 2.500 3
27 6.157 4.000 5.480 15.637 5
28 5.210 5.564 10,774 L
29 1.200 8.838 10,038
30 266 .- --- --- 266
31 2,967 900 2.100 5967 §
32 1.183 3.200 8.280 --- 12.673 $
34 780 3.351 3.450 7.581
Total 27,663 16.001 45.067 88.731 :
2000 i
15 4.550 10.060 14.610 i
16 2.800 885 3.500 .- 7.185
17 6.600 3.500 S0.300 60.400
26 3.000 --- 4.300 7.300
27 8460 17.000 26,577 52.037
28 7.874 9.000 20,550 .- 37424 :
29 4.838 21.850 | 26.688 o
20 7.066 --- 6.800 ‘ S 13,566
31 3.072 2,615 14,130 5.600 25417 [
32 678 10,665 27.500 [ IN843 =
34 1.700 9.681 11.000 22.381 3
Total 45.800 58.184 196.567 . 5.600 306.151 £
2020 :
15 5.500 17,610 \ 23.110 i
16 6.250 750 8.200 “ ot 15.200 :
17 5.000 4.000 S8.600 | .- 100,600
26 4.640 18.860 --- 23.500 g
27 9,675 34.000 61.362 105.037 I
28 9,579 14.000 34 830 - S8.409 jr
29 “.- 3588 40.600 S 44188 b
30 7.166 6.000 33.700 ces 46 866 -
31 3.675 8.000 24.152 9.710 45537 ;
32 13.043 50.600 63643
34 1.500 20,181 19.900 41.581
Total 55.985 103.562 398414 ‘ 9.710 567.671

= e . — -




Table 94 - MISSOURI BASIN POWER REGION THERMAL-ELECTRIC GENERATION
BY TYPE OF COOLING, BY SUBBASINS

—
Subbasin Flow Through T Cooling Pond Wet Cooling Tower J Dry Cooling Tower L Total
(Million Kwh)
1965
Upper Missouri e %= = = mi=
Yellowstone 531 .- -- 531
Western Dakota 324 - 461 - 785
Fastern Dakota 81 - 280 .- 361
Platte-Niobrara 3374 S 3.866 --- 7.240
Middle Missouri 4.190 --- 597 --- 4.787
Kansas 80 63 2.554 - 2697
Lower Missourt 4312 3,274 598 --- 5.184
Missouri Basin 12.892 3,337 8.356 -- 24 585
Red River 164 38 132 - 334
Power Region 13,056 3,379 8.488 --- 24919
1980
Upper Missouri 1,33 800 1.096 --- 3.233
Yellowstone 3491 1.650 2.694 -- 7.835
Western Dakota 2463 1.600 2.192 - 6,255
Eastern Dakota 1.659 475 2.188 .- 4,322
Platte-Niobrara 4.760 3.650 11,785 .- 20.195
Middie Missouri 6418 1.840 6.986 - 15.244
Kansas --- 960 9.225 --- 10,185
Lower Missouri 7.060 4.951 8.201 -- 20,212
Missouri Basin 27,188 15926 44367 - 87 481
Red River 475 75 700 1.250
Power Region 27.663 16.001 45.067 = 88.731
2000
Upper Missouri 4518 3,400 8.035 --- 15953
Yellowstone 8314 6.408 19.119 2.800 36.641
Western Dakota 3.384 6.800 10.630 - 20814
Eastern Dakota 4.586 2408 7.608 .- 14.602
Platte-Niobrara 2.761 15.572 45617 2.800 66.750
Middle Missouri 11,187 6.494 34.263 --- S1.944
Kansas 5.671 23,164 -- 28.835
Lower Missouri 9.550 11.431 45981 .- 66,962
Missouri Basin 44.300 58.184 194 417 5.600 302,501
Red River 1.500 < 2,150 3.650
Power Region 45.800 S8.184 196.567 5.600 306,151
2020
Upper Missouri 4801 9.200 25.7152 .- 39,753
Yellowstone 9.628 17.800 50118 4.855 82401
Western Dakota 3.870 13.600 24.545 s-- 42.018
Fastern Dakota 8.287 4.000 22,126 .- 34413
Platte-Niobrara 1.250 22.643 81.256 4 855 110,004
Middle Missouri 14.829 8467 62.245 --- 83541
Kansas - 5.671 41.361 .- 47.032
Lower Missouri 11.000 22,181 81.581 - 114.762
Missoun Basin 53.665 103,562 388984 9.710 555921
Red River 2,320 --- 9430 e 11,750
Power Region 55985 103.562 398414 9.710 567.671
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Table 95 — MISSOURI BASIN POWER REGION SUMMARY OF EXISTING AND PROJECTED

POWER REQUIREMENTS

PSA 1965 [ 1980 2000 2020
Annual Peak Load (Mw)
15 345 1.130 3510 6.510
16 165 500 1.600 3.200
¥7 1.907 5.360 15810 30470
26 340 1.000 2 880 5.580
27 627 1.900 6.060 11.930
28 1444 4.390 12.860 25.190
29 847 2280 S.060 8.270
30 439 1.040 3.300 9.000
31 443 1.480 4,620 7930
32 995 2.830 8.220 15.000
34 542 1,720 4.730 8410
Total! 8.094 23630 68.650 131.790
Annual Energy Requirements (Million Kwh)

15 1.541 4900 15.200 29700
16 822 2.800 £.900 17.500
17 8.540 25.000 78.700 154 000
26 1.645 4.600 14.200 27 800
27 3471 9.500 30,100 S8.900
28 5957 18,100 53,100 104600
29 3712 10.050 26.700 44.200
30 2.582 6.300 21.000 S4.000
31 2.668 8.830 27,730 47.850
32 5.176 15.630 46.800 86.700
34 2,516 8.000 22.800 42.000
Total 38.630 113.710 345230 666 650

INon-coincident

125



Table 96 — MISSOURI BASIN POWER REGION SUMMARY OF EXISTING AND PROJECTED POWER SUPPLY

Installed Capacity (Mw)

Energy Produced (Million Kwh)

PSA 1965 1980 2000 2020 1965 1980 2000 2020
N
Hydro ‘76 251 251 251 582 590 590 S90
Thermal 238 1.037 3.715 7.376 757 4.310 14610 29.110
Total 414 1,288 3966 7.627 1.339 4.900 15.200 29,700
16
Hydro - - - - --- --- ---
Thermal 104 314 1.448 2,787 216 1.885 7,185 15.200
Total 104 314 1.448 2,787 216 1.885 7,185 15.200
17
Hydro -- ---
Thermal 1,790 3804 13,512 23,7717 5.596 17.100 64.600 130.600
Total 1.790 3.804 13,512 23,777 5.596 17.100 64.600 130,600
26
Hydro -
Thermal 219 5717 2.042 4,781 376 2.500 7.300 23.500
Total 219 517 2.042 4.781 376 2.500 7.300 23.500
27
Hydro 1.874 2.080 2.080 2.080 8.432 8.878 8.878 8.878%
Thermal 414 3.600 13,100 32,700 1,283 15.637 52,037 105.037
Total 2,288 5.680 15.180 34.780 9.715 24515 60918 113915
28
Hydro 138 138 138 138 S48 576 s76 576
Thermal 1.308 3.083 11,587 19,272 4.000 10,774 41,624 78 409
Total 1.446 3,221 11725 19410 4.548 11.350 42.200 78.98S
29
Hydro 2 o 3 i 12 i2 12 12
Thermal 826 2,597 5717 9.257 2.851 10.038 26.688 44188
Total 828 2,600 5.720 9.260 2.863 10.050 26.700 44 200
30
Hydro 318 2,067 2,067 2.067 2.507 7.134 7.134 7.134
Thermal 69 338 1.663 8.013 170 266 13.866 46.866
Total 387 24058 3.730 10.080 2677 7.400 21.000 54.000
31
Hydro 209 510 510 510 867 2313 2313 2313
Thermal 583 1.055 4.710 8.370 1.859 5.967 25417 45537
Total 792 1.565 5.220 8.880 2.726 8.280 27.730 47 850
32
Hydro 186 878 K78 878 698 2957 2957 2.957
Thermal 1.096 2,352 8412 15,922 4416 12673 43843 83,743
Total 1,282 3.230 9.290 16.800 5.114 15.630 46.800 86.700
34
Hydro S 248 248 248 11 419 419 419
Thermal 788 1,712 5.092 9,172 4.149 7.581 22,381 41581
Total 793 1.960 5.340 9420 4.160 8000 22800 42.000
Total
Power Region
Hydro 2908 6.175 6,175 6.175 13,657 22.879 22,879 22879
Ihermal 7435 20,469 70,998 141427 25,673 88,731 319.551 643771
Total 10,343 26.644 77 147.602 19 330 111610 342430 666650
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Table 97 — MISSOURI BASIN POWER REGION SUMMARY OF EXISTING AND PROJECTED
POWER REQUIREMENTS BY SUBBASINS

Subbasin 1965 1980 2000 2020
Annual Peak Load (Mw)

Upper Missouri 290 800 2.160 3.800
Yellowstone 262 760 2,250 4.340
Western Dakota 292 770 2,120 3.850
Fastern Dakota 655 1.680 4.560 8.200
Platte-Niobrara 1.906 6.620 21.090 43.570
Middle Missouri 1,272 3.180 8.490 15.230
Kansas 881 2.300 6.190 10.960
Lower Missouri 2,176 6470 18.780 35.980

Missouri Basin 7.734 22,580 65.640 125930
Red River 360 1.050 3.050 5.860
Power Region 8.094 23,630 68.690 131,790

Annual Energy Requirements (Million Kwh)

Upper Missouri 1.384 3.830 10.840 19.200
Yellowstone 1.252 3.660 11.320 21.930
Western Dakota 1,395 3.720 10.630 19470
Fastern Dakota 3,127 8.100 22920 41460
Platte-Niobrara 9.102 31.860 106.060 220400
Middle Missouri 6.068 15.280 42.710 77.060
Kansas 4.209 11.070 31.140 S5460
Lower Missouri 10,393 31.140 94 250 182.000

Missouri Basin 36930 108.660 329.870 636 980
Red River 1.700 S.050 15.360 29670
Power Region 38.630 113,710 345.230 666.650

18
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Table 98 — MISSOURI BASIN POWER REGION SUMMARY OF EXISTING AND PROJECTED

Subbasin

UpperMissouri

“) dro
Fhermal

Total
Yellowstone

Hydro
Ihermal

Total
Western Dakota

Hydro
Ihermal

[otal
Fastern Dakota

Hydro
T'hermal

Total
Platte-Niobrara

Hydro
Ihermal

Total
Middle Missouri

Hydro
Thermal

Total
Kansas

Hydro
Thermal

Total
Lower Missournt

Hydro
Ihermal

Total
Missourt Basin

Hydro
Fhermal

Total
Red Rwver

||)t|l<|
I hermal

Total
Power Region

Hy dro
Fhermal
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POWER SUPPLY BY SUBBASINS

|

Installed Capacity (Mw)

SO A

Encrgy Froduced (Million Kwh)

1965 1980 2000 2020 | 1963 1980 2000 2020
e L e R o 2R | e - — = SRS

|

|
472 1722 1.722 1,722 | 3979 6.282 6.282 6.282
853 3285 9.745 3.233 13953 39.753
472 2597 5.007 11467 3.979 9,515 22,235 46.035
38 798 798 798 270 3.335 3335 3.335
150 1.811 7.288 15.803 532 7.835 36 .64 2400
188 2.609 8.086 19.601 802 11.170 39.97 85.735
1014 1,189 1.189 1189 4.536 4.594 4.594 4.594
228 1440 5.240 13.080 785 6.255 20.815 42015
1,242 2,629 6429 14.269 | 5.321 10.849 25409 46.6049
595 595 595 595 1.800 2455 2455 2455
246 900 3489 7.891 415 4.322 14.602 344104
S41 1.495 4.084 8486 2.215 6.777 17.057 36.869
503 1.267 1.267 1.267 1.896 Sss 4.555 4.555
2.100 4.234 15519 27938 | 7.374 20.195 73430 138104
2.603 5.501 16.786 29205 9.270 24.750 77 985 142659
100 100 100 100 | S66 631 631 631
1408 3TVE 12824 22006 | 4924 15.245 55,725 108,542
1.508 3,817 12924 22,106 | 5490 15.876 56.35¢ 109,173
S S 5 S| 18 18 18 18
904 2695 6.891 11.260 | 2961 10,184 29674 51031

—_ |
909 2.700 6.896 11.265 | 2979 10,202 29692 S1.049

[

2
181 499 499 499 ‘ 592 1.009 1 009 1.009
2211 4.529 15441 28314 | 8.348 20:2112 69.062 135.762
2392 5.028 15.940 28,813 | 8.940 2121 70071 136.771
2908 6,175 6.175 6.175 13.657 22.879 22879 22879
7.247 20,181 69.977 139.037 | 25.339 87481 315901 632.021
10,1585 26.356 76.152 145.212 38,996 110,360 13IN.TS0 654 900
188 288 1.02] 2390 134 1.250 3650 11.750
IS8 288 1.021 2.390 334 1.250 3 650 11.750
2908 6.175 6.175 6.175 13.657 22 879 22879 22879
7435 20469 70,998 141427 | 25.673 8§8.731 319 551 643771
39 334() 666 650

10,343
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WATER REQUIREMENTS

Criteria for Cooling Water

The principal demand imposed upon water supply by
steam-electric generating plants is for condenser cooling
purposes. Water introduced into the boilers is converted
into steam to drive the turbogenerator units. Steam
leaving the turbinesat less than atmospheric pressure is
passed through the condensers where it is cooled and
condensed. The condensate is pumped back into the
boilers in a closed-circuit system. Thus. the only
consumptive use in the boiler circuit is the feedwater
make-up required to replace water losses. Losses are
quite small and the requirement for a 1.000 megawatt
plant operating at full load is estimated to be only 0.5
cubic foot per second: however, a large separate flow
through the condensers is required to carry away the
waste heat of condensation. Essentially no water is used
consumptively in the condensers but some losses oceu
when condenser flows are returned to the source bodies
of water at higher temperatures. or are passed through
cooling towers.

Withdrawals of water for cooling at steam-electric
plants currently constitute the largest nonagricuitural
diversion of water. Either fresh or saline water can be
used for this purpose and. in some cases. sewage
treatment plant effluents are used. The amount of water
required through the condensers depends upon the type
of plant, its efficiency. and the designed permissible
temperature rise within the condensers The temperature
rise 0! cooling water in the condenser is usually in the
range of 10 to 20 degrees Fahrenheit. Currently. a farge
nuclear steam-electric plant requires about 50 percent
more condenser water tor a given temperature rise than a
fossil-fueled steam-electric plant of equal size. By 1980.
this added requirement is expected to decrease sub-
stantially. Such higher requirements result from the
lower throttle steam temperatures and the resultant

lower operating efticiencies of nuclear plants

Steam-Electric Plant Heat Requirements

Condenser cooling water use 1s considered m two
categories  tirst, the amount of water which is required
to flow through a condenser to produce an acceptable
high vacuum: and second. the amount ot cooling water
which evaporates as a result of the mcrease i its
temperature. Either or both of these requirements could
be critical in designing, and selecting the site. tor 4
powerplant

For the purpose of analysis. heat requirements ot
team-electric plants are divided mto the tollowing

elements

Heat loss from boiler turnace (negligible for

nuclear plants)

Heat loss trom electric generator

Heat equivalent of electric generator output

Heat energy remaining in steam leaving the turbine
The total fuel energy required per Kilowatt-hous
generated is determined by dividing the hedt equivalent
of | kilowatt-hour (3413 Btu) by the thermal etficiency
of the plant. The heat energy which must be discharged
to the condenser per kilowatt-hour generated is then
determined by deducting the sum of the heat equivalent
of | kilowatt-hour plus the boiler furnace heat loss trom
the total fuel energy required per kilowatt-hour. Because
the total fuel energy required is normally given as a net
heat rate. the heat equivalent of 3650 Btu net Kilowatt-
hour (which includes a nominal 7 percent plant use) s
deducted from the fuel energy rather than the 3413 Biu

figure.

Factors Utilized in Determination of Water
Requirements and Consumptive Use

Because thermal-electric plant cooling water requir=-
ments vary inversely with the plant efficiency. estimates
have been made of the net heat rates tor each type of
thermal plant expected to be installed m the basin
These following heat rates retflect the consensus ot an
advisory group appointed to render assistance on this
and other related matters

| Heat Ratesin Btu Net Kwh

: 1
Tvpe of Plant | 196§ 980G 2000 020
_ TypeofPlant | 19 l 1980 | 2000 | 2020
Coal- or Gas-I'ueled Plants [1.900{ 9500 | 8500 | 8.000
Lignite-Tucled Plants 14 -Mul 10,500 | 9500 | 9.000

Nuclear-Fueled Plants 9500 | 8.000 7.500

Cooling Towers At A 225-Megawatt
Steam-Electric Station

Eighteen major electric utilities which operate in the
Missouri River Basin and Upper Mississippt Basin fur
nished information relative to current practice and
experiences - steam  condensing at  thermal-electric

plants. These utihities reported their own experience and




in several instances, furnished copies of technical papers
on the subject. They revealed wide differences in
operating experience, especially in the water con-
sumption rate of cooling towers.

Because of the wide variance in the consumptive use
of water by cooling towers and ponds, as indicated by
the reports, an advisory subcommittee was requested to
recommend typical factors for use in calculating future
condensing-water requirements.

The subcommittee’s recommendations resulted in the
use of the following as typical factors:

1. Flow rate of cooling water

---550 gallons per minute per megawatt tor tossil
fuel: 650 g/m/mw for nuclear fuel at a specitied
heat rate of 9500 Btu per Kilowatt-hour. This
tflow rate holds true for a cooling water tempera-
ture rise of 18VF.

2. Water consumption' by condensers at a specified
heat rate of 9,500 Btu per kilowatt-hour:
Water Consumption
Fossil Fuel Nuclear
Acre-Feet Acre-Feet
Type of Lbs. Per Lbs. Per
Cooling Per Kwh Million Kwh Per Kwh Million Kwh
Cooling Tower,
Wet (Blowdown
Loss Included) 4.0 1.47 4.8 1.76
Cooling Pond 3.0 1.10 3.6 1.32
Flow-Through
from Stream
Source 2.5 0.92 3.0 1.10

3. Investment cost of cooling system above cost of
flow-through type:

Type Dollar per kw?
Cooling tower. wet 3.50
Cooling pond 2.50
Cooling tower, dry 15.00

'Consumption is water withdrawn from supply  with
apparent loss of water from the basin: essentially, the
amount of cooling water which evaporates due to in
crease In o its temperature.

2I‘igurm are not npecessarily current costs, but represent
relative incremental expense of supplemental type cool
ing systems.

Cooling Water Requirements, Streamflow
Diversions, and Consumptive Use

Water is a necessary factor in the production of all
electric power now generated. Hydroelectric  plants
convert the energy of falling water to electricity. while
steam-electric plants require relatively small amounts ot
extremely pure water for use in the boilers. and much
larger amounts of untreated cooling water for circulation
through the condensers. Internal combustion recipro-
cating engines and gas turbines require little or no water
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for the production of power. All plants requirs smali
amounts of water for station services. including fire
protection. Within the basin the bulk of che power is
produced by steam-electric and hydroelectric planis.
Small amounts are produced in plants having internal
combustion engines of the reciprocating or turbine
types.

Firm planning for futare generating capacity s
usually not completed until shortly before ihe need
becomes a reality. Accordingly. estimates of wates
requirements and consumptive use for cooling water for
the year 2000 or 2020 can be only rough guides which
should be reviewed periodically as new  situations
develop. With this in mind. it may be estimated that the
basin’s thermal-clectric capacity will be ahout 92 percent
of its total electric gererating capacity in 2000. and
about 96 percent of the total by 2020. \ forecast ot
future water requirements by thermal-electric plants has
been predicated on this basis: however, as is evident
from other discussions in this report. there are alter-
fatives o the demands for cooling water of good
quality. For example. brackish water or sewage treat-
ment plant eftluents can be utilized under certain
conditions as cooling water for thermal-electric gener-
ation. On the other hand. with some added expenditure.
the consumptive use (primarily evaporation) of cooling
water can be almost entirely eliminated by the con-
struction of radiator-type closed-circuit towers. With the
advent of EHV. power can be transmitted over long
distances from areas of adequate water supply to
water-deficient regions.

The amounts of thermal-electric energy which are
likely to be required in the future were determined by
deducting the esumated hydroelectric production from
predicted total energy requirements. The thermal-
electric energy production thus determined for each
study period was converted to condenser cooling water
requirements, streamflow diversions. and cooling water
consumption by PSA'S and subbasins. These data are
shown in tables 99 through 106

It is to be noted that calculations of water require-
ments were predicated on an increase of 18UF. tempera-
ture rise in the condenser cooling water. This will result
in increased stream temperature at the point of discharge
when tflow-through cooling is employed

Normally. the rise in stream temperature is dissipated
rapidly. so that the measurable effects are usually small
at points only a tew miles downstream from the point ot
discharge. The large powerplants ot the future. however.
will discharge heat energy in unprecedented quantities
The heat additions could atfect the aquatic lite of the
water body receving the discharged heat. 1ts waste
assimilation capacity. and the suitability of the water for
municipal. industrial. and recreational uses. The mcrease
in temperature in water supplies that are used for

cooling the steam condensers of both tossil-tueled and
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Table 99 — MISSOURI BASIN POWER REGION WATER REQUIREMENTS BY PSA’'S

PSA 1965 T 1980 2000 [ 2020
(Acre-Feet per Year)
Condenser Cooling Water Requirements
N 107,621 431,900 1.246,000 1,793,700
16 38,444 197,000 620,400 1,182,800
17 737,032 1.822,100 5.309.900 7.858.700
26 67,511 296,300 679.500 1.911,000
27 261,605 1,853,000 5.214,100 9,558,400
28 453,021 1.190.100 3.319.000 4,563,200
29 352,961 1.074,700 2.277.800 3.433.800
30 26,520 26,600 1,261,200 3,831.100
31 256,405 597.800 1,666,500 2,749,000
32 582,200 1,318,000 3,276,800 4,884,600
34 . 475,175 759.700 1.830.800 3,140,800
Total 3,358,495 9.567,300 26.702,000 44.907.100
Required Stream Flow Diversions
15 89,279 315,320 398,630 443,830
16 8,060 81,030 248470 500,370
17 617,331 754,610 650910 731.780
26 40,590 115,240 283,900 401,700
27 108,661 744380 905,560 996 480
28 386,670 603,150 732,880 799.300
29 15,630 15,340 32,010 4 190
30 26.520 26,600 658,780 634.740
31 256,405 301,380 270,620 300,010
32 114,008 135,920 99,620 68,280
34 93,057 86.980 161,030 147810
Total 1,756,211 3,179,970 4442410 5,078,790
Cooling Water Consumption

15 1,092 4,620 16,170 24,020
16 522 2460 7.500 14,470
¥7 7.498 21,500 73.760 110.930
26 745 3,670 8.450 25.980
27 3,300 21.480 65.680 124,160
28 4,535 14,200 41,980 58.860
29 5,157 15.340 32,010 49,490
30 243 240 14.940 51,290
31 2,791 6.810 21.630 35,660
32 7,008 17,520 44,630 68.280
34 4,551 9.500 23,210 39910
Total 37442 117.340 349960 603,050




Table 100 — MISSOURI BASIN POWER REGION WATER REQUIREMENTS, BY SUBBASIN

Subbasin 1965 1 1980 | 2000 ] 2020
(Acre-Feet Per Year)
Condenser Cooling Water Requirements
Upper Missouri --- 381,200 1.547.200 3444400
Yellowstone 96,599 870,900 3.154.500 6,540,900
Western Dakota 174 480 741.300 2.085.600 3.823.400
Eastern Dakota 74,063 492,700 1.357.500 2.857.600
Platte-Niobrara 971,949 2,115,900 5.456.500 8.100.800
Middle Missouri §75.226 1.639.800 4,562,300 6.677.900
Kansas 367921 1.097.800 2,486,100 3.659.600
Lower Missouri 1,039,059 2.079.500 5,712,600 8.847.000
Missouri Basin 3.299,297 9.419.100 26,362,300 43.951.600
Red River 59,198 148,200 339,700 955,500
Power Region 3.358.495 9.567.300 26,702,000 44.907.100

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missouri
Missouri Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missourt
Missouri Basin
Red River

Power Region

Required Stream Flow Diversions

- -- 159,460 444,560
96.599 390.070 802.220
49,145 297,810 362,240
16.775 198.480 431,350

454,314 528,180 300.390
480,288 753330 1.040.140
19.260 15,770 34,770
607,553 779.250 884,790
1,723,934 3.122,350 4.300.460
32,271 57.620 141.950
1,756,211 3,179,970 4442410

Cooling Water Consumption

... 4.400 19.100
928 9.990 39,490
2,304 8.590 26,250
1.000 5.960 16.790
11,302 26.940 73,790
5.815 19,330 59.530
5.359 15,770 34,770
10,065 24,520 75.990
36,773 115,500 345710
669 1.840 4,250

455.150
874910
398.630
700,740
201.740
1.237.300
52.180
957,290

4.877.940
200,850

5,078,790

45.350
85.620
49,660
36.990
111.780
89.340
§2.180
119.140

590.060
12.990

603.050

37442 117,340 349.960
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1965
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2000
! | 860.000
f 72400 1 304 8500
286300 | 4.441.100
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Table 102 — MISSOURI BASIN POWER REGION REQUIRED STREAMFLOW DIVERSIONS BY PSA'S
BY TYPE OF COOLING

PSA Flow Through Cooling Pond Cooling Tower li Total
(Acre-Feet Per Year)
1965
15 89.006 - 273 89.279
16 7.608 - 452 8.060
17 615484 1.847 617.33
26 40,213 119 258 40.590
27 106,379 2,282 108.661
28 385.680 170 820 386.670
29 10.580 .- 5.050 15.630
30 26.520 - ppe 26,520
31 256 405 -- - 256 405
32 108,000 --- 6.008 114.008
34 89.326 3,232 499 93.057
Total 1.735.201 3.521 17.489 1756211
1980
15 313.600 --- 1.740 315.340
16 79.300 - 1.730 81.030
17 739.900 3,530 11.180 754610
26 112,600 200 2440 115.240
27 729,600 5,230 9.550 744 380
28 594 400 .- 8.750 603,150
29 .- 1.320 14.020 15.340
30 26.600 --- --- 26.600
31 297,300 990 3.090 301.380
32 119,500 3.530 12.890 135920
34 78,200 3.700 5.080 86.980
Total 3.091.000 18.500 70470 3.179.970
2000
15 386.000 --- 12.630 398.630
16 243.200 790 4.480 248470
17 §82.500 3.150 65.260 650910
26 278.000 S S.900 283,900
27 847.700 18.760 39.100 905.560
28 697.300 8.820 26.760 32.880
29 .- 4.360 27.650 32.010
30 649 800 --- 8.980 658,780
31 251,300 2.350 16,970 270620
32 55.500 9610 34510 99 620
34 139.100 8.720 13.210 161.030
Total 4.130.400 56.560 255450 4442410
2020
15 423,700 20.130 443830
16 490 400 600 9.370 S00.370
17 626.600 3.200 101,980 731.780
26 379,200 --- 22.500 401,700
27 880,400 34.080 82.000 996 480
2¢ 747.300 12,140 39 860 799 300
29 .- 2.870 46.620 49 490
30 593,900 5.140 40,700 639,740
31 266800 6.390 26.820 300010
32 .- 10.430 57.850 68.280
34 108,900 16.880 22.030 147.810
Total 4.517,200 91.730 469860 5.078.790




Table 103 — MISSOURI BASIN POWER REGION COOLING WATER CONSUMPTION BY PSA'S
BY TYPE OF COOLING

Cooling Pond

PSA Flow Through I Cooling Tower Total
(Acre-Feet Per Year)
1965
15 819 -- 273 1.092
16 70 - 452 5§22
17 5,651 1.847 7498
26 368 119 258 745
27 1.018 --- 2,282 3.300
28 3.545 170 820 4535
29 107 5.050 S.157
30 243 --- -- 243
31 2,791 2,791
32 1.000 --- 6.008 7.008
34 820 31232 499 4,551
Total 16432 3,521 17.489 37.442
1980
15 2.880 --- 1.740 4.620
16 730 - 1.730 2460
17 6,790 3.530 11.180 21.500
26 1.030 200 2440 3,670
27 6,700 5,230 9,550 21480
28 5450 St 8.750 14.200
29 .- 1,320 14.020 15.340
30 240 240
31 2,730 990 3.090 6.810
32 1.100 3.530 12.890 17.520
34 720 3.700 5,080 9.500
Total 28,370 18.500 70470 117.340
2000
1S 3.540 --- 12,630 16.170
16 2,230 790 4.480 7.500
17 5.350 3.150 65.260 73.760
26 2,550 --- 5.900 8450
2] 7.820 18,760 39.100 65.680
28 6,400 8,820 26.760 41980
29 = 4.360 27.650 32010
30 5.960 - 8.980 14.940
31 2,310 2.350 16.970 21.630
32 S10 9.610 34,510 44.630
34 1.280 8.720 13.210 23.210
Total 37,950 56.560 255450 349 960
2020
15 3.890 <= 20,130 24.020
16 4.500 600 9.370 14470
17 5.750 3.200 101.980 110930
26 3480 SYuE 22.500 25.980
27 8.080 34080 82.000 124,160
28 6,860 12,140 39 860 S$8.860
29 - 2.870 46.620 49 490
30 5450 S.140 40.700 §1.290
31 2450 6,390 26.820 35.660
32 - 10,430 57.850 68,280
34 1.000 16.880 22,030 39910
Total 41460 91,730 469 860 603.050




Table 104 — MISSOURI BASIN POWER REGION CONDENSER COOLING WATER REQUIREMENTS
BY SUBBASIN, BY TYPE OF COOLING

Subbasin

Flow Through I

Cooling Pond

Cooling Tower

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas

Lower Missouri

Missouri Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missouri
Missouri Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missouri
Missourt Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missouri
Missouri Basin
Red River

Power Region

96.599
47,275
15921
447,569
478,869
14,040
603,028

1,703,301
31.900

1,735,201

156,500
383,600
291.900
194,300
505,900
740.800

761.700

3.034.700
56.300

3.091.000

429400
769 800
339,160
418400
228.700
989.700

816.300

3.991.400
139,000

4.130.400

413,600
796,600
352.200
669.900
90,800
1.158.600

845,900

4.327.600
189.600

4.517.200

(Acre-Feet Per Year)

373,279

94 800
187.300
189,600
56.300
365,700
184 400
96,200
496,100

1.670 400
8.900

1.679.300

340.700
618.000
681.400
228,200
1.299 400
556,801
476,700
935,000

8,13

~

200

Al

5.136.200

805,200
[.49%.300
1.237.600

353.000
1.678.000

648,900

428800
1.677.400

8.327.200

8.327.200

1965

1980

2000

2020

127.205
58,142
524380
96.357
342381
84.122
1,232,587
17,428

1,250,015

129 900
300,000
259 800
242,100
244 300
714 600
00T .600
§21.700
714,000

83.000

I

.797.000

$

777.100
.766.700!
065,100
710.900
928.400!
015,800
009 400
961.300

234,700
200,700

17.435.4002

e 1D L s

~1

4.246.0003
2.233.600
1.834 700
6.332 0003
4 870400
31.230.800
23,700
31.296 800

765,900

27007

to
-

1lm'lmlux 22,900 acre-feet dry-type cooling.
“Includes 45,800 acre-feet dry-type cooling,
“Includes 37,700 acre-feet dry-type cooling.
“Includes 75,400 acre-feet dry-type cooling.
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Total

96.599
174480
74 063
971.949
5§75.226
367921

.039.059
299,297

59.198

358,495

381.200
870,900
741.300
492.700

115,900
639800
097 .800
079,500

419,100
148.200

S567.300

547.200

1545001
85,600
.357.500
456.500!
562.300
486.100
12600

362,300

339,700

702.0002

444 000
5409003
823,400
K57.600
1008003
677.900
659 600
847,000

3.951.600

955.500

907.100%




Table 105 — MISSOURI BASIN POWER REGION REQUIRED STREAM FLOW DIVERSIONS
BY SUBBASIN, BY TYPE OF COOLING

Subbasin

Flow Through

l

Cooling Pond

Cooling Tower

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missouri
Missouri Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Fastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missourt
Missouri Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Fastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missourt
Missouri Basin
Red River

Power Region

Upper Missouri
Yellowstone
Western Dakota
Eastern Dakota
Platte-Niobrara
Middle Missouri
Kansas
Lower Missourn
Missourt Basin
Red River

Power Region

96.599
47.27S
159211
447.569
478.869
14,040
603.028

703,301
31.900

735,201

156,500
383,600
291,900
194 300
505.900
740.800

761.700

3.034.700
56.300

3.091,000

429400
769.800
339,100
418400
228,700
989,700

816,300
3.991.400
139.000

4,130,400

413.600
796.600
352.200
669,900
90800
1.155.600

845 900

4.327.600
189,600

4.517.200

170
3,232

3402
119

3,521

1,050
2.060
2.090

620
4.030
2,030
1.060
5460

18.400

100

18.500

3.750
6.810
7,500
2,510
14310
6.130
5,250
10.300

56.560

56.560

8.870
16.500
13.630

3.890
18,490

7.150

4.720
18.480

91.730

91.730

(Acre-Feet Per Year)

1965

1980

2020

1.870

K854
6,745
1419
5.050
1,293

17,231
258

17.489

1910
4410
3.820
3.560
18,250
10.500
14,710
12.090

69.250
1,220

70470

11410
25610
15.640
10,440
57.380
44310
29,520
58.190

252,500
2950

255450

32,680
61.810
32.800
26950
92450
71.550
47 460
92910

458.610
11,250

469 860

i

4

Total

96,599
49,145
16,775
454314
480.288
19.260
607,533

723934

32.277

156,211

159 460
390,070
297 810
198 480
528,180
753330

15.770
779.250

;122,350

57,620

179970

444 560
802.220
362.240
431.350
300.390

040,140

34770
884,790

300460

141.950

4

&

o

442410

455.150
874910
398630
700.740
201.740

237,300

52,180
957.290

877940

200 850

078.790
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BY SUBBASIN, BY TYPE OF COOLING

Table 106 — MISSOURI BASIN POWER REGION COOLING WATER CONSUMPTION

Subbasin Flow Through Cooling Pond Cooling Tower Total
(Acre-Feet Per Year)
1965
Upper Missouri .- - - ---
Yellowstone 928 - .- 928
Western Dakota 434 -~ 1,870 2,304
Fastern Dakota 146 854 1.000
Platte-Niobrara 4557 6.745 11.302
Middle Missouri 4.396 - 1419 S.81S
Kansas 139 170 5.050 5,359
Lower Missouri 5.540 3,232 1,293 10,065
Missouri Basin 16,140 3402 [7.231 36,773
Red River 292 119 258 669
Power Region 16432 3,521 17.489 37.442
1980
Upper Missouri 1.440 1.050 1910 4.400
Yellowstone 3,520 2,060 4410 9.990
Western Dakota 2,680 2.090 3.820 8.590
Fastern Dakota 1.780 620 3.560 5.960
Platte-Niobrara 4.640 4.030 18,270 26.940
Middle Missouri 6,800 2.030 10.500 19,330
Kansas 1.060 14.710 15.770
Lower Missouri 6.990 5.460 12.070 24520
Missouri Basin 27,850 18,400 69.250 115.500
Red River 520 100 1,220 1.840
Power Region 28.370 18.500 70470 117.340
2000
Upper Missouri 3.940 3,750 11410 19.100
Yellowstone 7.070 6.810 25610 39,490
Western Dakota 3.110 7.500 15.640 26,250
Fastern Dakota 3.840 2510 10.440 16.790
Platte-Niobrara 2,100 14310 57.380 73.790
Middle Missouri 9.090 6.130 44310 §9.530
Kansas --- 5.250 29.520 34.770
Lower Missouri 7,500 10.300 58,190 75.990
Missouri Basin 36.650 56.560 252.500 345710
Red River 1.300 --- 2950 4.250
Power Region 37.950 56.560 255450 349 960
2020
Upper Missouri 3,800 8.870 32,680 45350
Yellowstone 7.310 16.500 61.810 85.620
Western Dakota 3.230 13.630 32.800 49.660
Eastern Dakota 6.150 3.890 26.950 36.990
Platte-Niobrara 830 18.490 92460 111.780
Middle Missouri 10.640 7.150 71,550 89340
Kansas .- 4.720 47460 5§2.180
Lower Missouri 7,760 18.480 92900 119.140
Missourt Basin 39,720 91,730 458,610 590.060
Red River _1.740 --- 11,250 12.990
Power Region 41460 91.730 469 860 603,050

138




nuclear  powerplants is  commonly referred to as
“thermal pollution.” although the heating is not pollu-
tion in the usual sense. Concern over the damaging
effects of thermal pollution is growing among many
water users and at all levels of government. Etfective
action was taken at the Federal level by the passage of
the Water Quality Act of 1965, requiring water quality
standards to be set and implemented for all interstate
and coastal waters. It it 1s determined upon establish-
ment of the standards that thermal pollution would
oceur tfrom  generating plants projected herein. such
condition could probably be eliminated by the use of
supplemental cooling systems. but at increased cost.

The procedure used herein to calculate cooling-water
flow requirements and consumption are illustrated by
the following development of estimated quantities for
coal-tired electric generating stations in the year 1980,
Typical factors recommended by the advisory sub-
committee were used.

Sample Calculation

Cooling Water Requirements & Losses'

Operating Conditions:
Assumed over-all plant efficiency 367
Assumed generator efficiency 97.5%
Heat equivalent of one kwh 3414 Buu
Fuel energy required

(net plant heat rate) 9500 Btu/'kwh

Heat loss from boiler furnace? 950 Btu/kwh
Energy delivered to turbine 8550 Btu/kwh

Heat loss from generator? 94 Btu/kwh
Generator output

(including 77 plant use) 3650 Btu/kwh

Energy removed in condenser 4900 Btu/kwh
(Energy delivered to turbine

minus generator output)

Cooling Water Required:
Acre-ft kwh = Energy removed in condenser
Heat Absorption Rate of Water® x
“F temp. change in cooling water

4900 Btu/kwh

2718144 Bru/acre-ft/F temp.
change x “F temp. change in
cooling water

= 001803
“F temp. change in cooling water’

LCoohng water required is the amount of water needed to pass
through the condensing unit and is independent of the type
of cooling. . flow-through. pond. or tower. Losses are the
consamptive water vse and are essentially the amount of
cooling water evaporated. Losses are dependent on the ty pe
of cooling employed.
2Negligible for nuclear plants.
IGenerator cooling usually part of cooling water load
41 Bru/tb, water/OF temp. change in the water;

2. 710,144 ibs. of water | acre-ft.

Sote (hat the quantity of cooling water required varies in

rsely with permitted temperature rise of caoling water.

Cooling Losses (acre-feet per kwh)"

J-l A
)-h

Flow-through = 0.92 x 1(
Cooling pond = 1.10 x 1(
Cooling tower (Wet) = 1.47 x 10°

OEstablished by Missouri River Basin Advisory Subcommittee
for fosstl-fuel plants @ 9500 Btu/kwh. For other heat rates,
adjust in proportion to energy removed in condenser

The preceding tables indicate that the consumptive
use is only about one percent of the total water required
for cooling. Analysis of the data gathered for this study
leads to the conclusion that cooling water requirements
of thermal-electric generating plants i the Missouri
River Basin will impose an important demand on the
future water supply. Several factors concerning these
tigures should be borne in mind:

1. The cooling water required is not necessarily the

amount of water required to be withdrawn con-

tinuously from a water source. This is true only in

a flow-through plant.

The supply water required for cooling in wet-
tower and cooling-pond plants is only that needed
for makeup. which is equivalent to thewr con-
sumptive use. since the diverted water s
recirculated.

Water withdrawn from a water source for
cooling use may be reused (except tor the con-
sumption) again and again in downstream plants,
or for other purposes such as municipal and
irrigation. The only limitation is that the down-
stream distance be great enough to allow the warm
discharge water to return to normal stream
temperature.

It is apparent that diversion figures. rather than
the condenser cooling water requirements. repre-
sent the amount of water required to be with-
drawn from the supply. The actual depletion of
water from the supply is equal to the consumptive
use. Any application of the foregoing in deter-
mining the adequacy ot the water supply to
support generation should be in relation to a
specific plant site.

2. The amount of water consumed can be vaned at
the discretion of designers by changing the
parameters which control the amount ot coohng
water use. the two most importani ones being the
type of cooling and the permissible temperature
rise of the water. The type of cooling employed
has an important effect on water consumption.
being greatest for wet type cooling towers and
negligible for dry type. Consumption by the
tlow-through and cooling-pond methods is inter-
mediate between that of wet and dry type cooling
towers.

The relatively high cost of dry type cooling

LOWeErs 18 at present 4 deterrent to increased use of
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that method however., o denand

ipproach more \]H‘~&'|_\ the avanable suppiy

stringent water standards are ena )

cost ditterential will become less significant

he condenser cooling water requirements

umptive use, and streamtlow diversion figu

shown in tables 99 and 106 are for an INY |}

wnge in temperature of the cooling w I [
lower water discharge temperature standard reservoi
stablished by legislation in accordance with N\

Water Quality Act of 1965 (P.L. 98-234)
lemental 1type cooling may b eq I M g
ssibly altering the value termined W1
Hy
Water Use by Hydroelectric Plants : £
d regulati I
ot power produced in a lroel ‘
proportional to the rate ot flow througl
he tall, or head. through which the warer £
i1 nt V sryends

11 HTOW § I the §

Highest Head and Highest Elevation Pumped-Storage Plant tn The United States Is Cabin Creek
Pumped-Storage Hydroelectric Project




deep reservoirs may lower summer temperatures in the
stremm. but such stored water may be deficient in
dissolved oxygen. In some cases. multiple level mtake
structures are used to obtain an “average™ flow. Such
unitormity helps to preserve or enhance fish und wildlife
values and  provide downstream  water-temperature
benefits. In other instances, downstream reregulating
reservoirs are constructed to smooth out the varying
releases from hydroelectric plants for the benefit of fish
and wildlite as well as for recreation and other uses of
the stream.

Pumped-storage  developments  produce  power by
releasing water from an upper reservour  through a
powerplant to a lower reservoir after all or part of the
water has previously been pumped into the upper
reservoir. Most developments use reversible pumping-
generating equipment. Although there are many possible
arrangements for pumped-storage developments. they
fall generally into two broad categories. In the combined
type development. reversible units are installed in the

rmal type of hydroelectric project. consisting of
sservoir on a stream with a downstream reregulating
reservoir. or afterbay. Such developments provide for
insstream use of the water. Pumped-storage projects
normally include a hilltop upper reservoir and a lower
pool which may be a reservoir or other body of water of
substantial size. or a pond on a small stream, and consist
only of reversible generating equipment. In such devel-
opments the water is recirculated between the upper and
lower pools and only enough make-up water is needed to
cover the evaporation and other losses.

Bv utilizing high heads. lurge pumped-storage mstalla-
tions are possible with relatively  small amounts of
water and small reservoirs. A requirement for such
developments is an adequate supply of off-peak pumping

energy  which is usually generated in steam-electric

plants. Pumped-storage developments are best adapted

for providing low plant-factor peaking and reserve
capacity. The trend toward the construction o very
large steam-electric units which can operate  most
efficiently and economically in the base portions of the
load has accelerated the planning and construction ot
conventional hydroelectric and pumped-storage develop-
ments for low plant-factoruse. Two recent pumped-
storage developments in the basin are the
151.300-kilowatt Kaysinger Bluff project under con-
struction in Missouri. and the 300.000-kilowatt Cabin
Creek project in Colorado which was completed in 1967
The Cabin Creek project. constructed by the Public
Service Company of Colorado. is the highest head and
highest elevation pumped-storage plant i the United
States. The power house i1s focated at elevation 10.000
feet. with an operating head ot 1.200 teet

SUMMARY

All in all. the basin now is about selt sutficient.
powerwise. The needs in 1950, 2000. and 2020 are
likely to increase substantially. but the water resources
of the basin appear to be adequate to support the
thermal-electric plants which seem likely in meeting the
future requirements. No great electne power export Is
envisioned. Thermal pollution of water sources will be
recognized and alleviated by appropriate design

The rapid pace of technological advances in the
power industry makes impetative periodic review and
analysis of the electric power resources of the basin to
ascertain that the direction being taken is in accord with
the overall development of the basin and the other needs
therein. Such analyses should assure the adequacy.
timeliness. and most economical installation ot the
future power supply. consistent with aesthetic and

CL‘("(’}_‘IC.)’ CONSLramis.
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CHAPTER 5

: FISH AND WILDLIFE

Fish and wildlite resources are mmportant t I 1 there 1s a4 growing

the Nation. Historically. the Indians. truppes \plorer imateur screntsts. The trade

and early settlers depended heavily on them food with serving the seekers

clothing, and shelter. Thewr value was almost solely credsing botl v and nationally. (

utilitarian. Today. wild animals, birds, and fish a and many Kimnds ot fish have sig

equally important to millions of people — even thougl value. The Missourt Basin supports an unus

ooa vastly  ditterent sense  than 1 former  vear i1 ind wildlite species. some 1 a pristine environt
Fishermen. hunters. and other outdoor recreationists It 1s doubttul 1t any ot d] Iramage

have the most obvious interest i these resources. al ountry is more important nationally

Much Of The Fishing In The Moantains Is Of National Importance And Should Be Preserved




EXISTING RESOURCES AND USES
Land and Water Use

Fish and wildhite resources and land and water use
have undergone a series of major changes during settle-
ment of the Missourt River Basin. When man mhabits 4
region and densely populates some areas, he converts
much of the wvirgin  grasslands and  timberlands  to
cropland and to use for domestic livestock. industry.
highways, and cities. Major changes e the ecological
balance of fish and wildlife communities result. Con-
sequently. a major problem is the use and management
of land. water. and plant resources to maximize then
production for both agriculture and fish and wildlife and
still provide for other goods and services. The search for.
and tmplementation of, land use and  management
practices to accomphsh this goal have been a contimuimg
problem’

Use of wildlite by tur traders and buftalo hunters was
an initial change directly atfecting this resource. Utiliza-
tion of free-grass corridors without restraint by cattle-
men en route to the transcontinental ratlroad and
establishing homesteads by settlers also had their effects
[hese were not as direct but they were no less
important.

The free-range cattle mdustry resulted m concen-
trated areas of unregulated use extending over a period
of more than halt a century. Initial homesteads of 1640
acres were not large enou 1 to provide a livelihood. thus
creating conditions resulting in improper use of the land
Later homesteads of 640 acres resulted in similar misuse
where areas unsuited for a cultivation type agriculture
were broken and planted.

The drought of the thirties represented a natural
phenomenon that also had various effects upon fish and
wildlife resources. Ways and means of preventing recur-
ring droughts may never be developed. but land use
programs and practices are doing much to offset then
more disastrous eftects.

Settlers of the basin frequently viewed the torests.
grasslands, potholes. and wetlands as enemies o be
vanquished rather than producers of the wildlife they
utilized. Nevertheless. while the changes they wrought
caused the loss of some habitats, they created others.

Today. private and public land use programs and
practices are giving ncreased recognition o tish and
wildlife resources. and some  lands and  waters are
developed and managed primarily for this purpose

The Missouri Basin encompasses an area of almost

329 million acres. the majority of value to fish and
wildlife. For the purpose of this study. the total land
and water area used by fish and wildhte 15 divided mto
two broad categories: (1) lands and waters devoted to
fish and wildlife as a primary use: and (2) lands and

waters where tish and  wildhte are ancaillary  users

|44

Primary fish and wildlite lands and waters are turther
subdivided: (la) single-purpose fish and wildhite linds
and waters owned and managed by the several State
Conservation Departnents and by the Bureau of Sport
Fisheries and Wildhfe: and (1b) mulupurpose pubhcly
owned or privately owned lands and water where fish
and wildlite management is one ot the primcipal uses

Figure 24 illustrates this breakdown

v ——

e

Pronghorn antelope hunting unsurpassed anyvwhere in
the West characterizes large acreages of public and
private lands in the Missouri Basin. Such lands need only
preservation and  proper use for maximum  wildlife
benefits of nationwide importance.

The figure reveals that 97 percent of the lands and
waters important to fish and wildlite talls o the
category of ancillary use. This mcludes almost all ot the
private lands and a substantial portion ot the public
lands. On most of this acreage agriculture predominates.
and wildlife exists because ot its compatibility with
current farming and ranching practices and because ol
the land owners recognition and protection. However.
because ot the tremendous acreage mvolved. these lands
and waters support most of the basm’s fish and wildlite
and offer most of the substantwal opportumties tor
turther enhancement of these resources. Only 0.3
percent of the total basin is devoted to tish and wildhte
as a single-purpose or dedicated use. but on an additional
2.7 percent of the basin. fish and wildlite s one ot the
primary or key considerations of multipurpose manage-
ment. This latter category includes lands owned by
several Federal agencies and numerous small arcas ot
privately owned land

A substantial portion of the lands and waters in the
National Parks and m some State Parks v known to be
of great importance to fish and wildlife. At present. data
are not avatlable to classify these lands and waters on the
same basis as the other items shown on figure 24

Accordimgly. National Parks are noted as an ttem. but
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FIGURE 24
OWNERSHIP AND USE OF LANDS AND
WATERS IMPORTANT TO FISH AND WILDLIFE

e
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AL LANDS AND WATER

the acreages of primacy unportance to tsh and wildlite
liave not becn estimated.

Private lands and watcers account tor about 20 percent
(2.220000 aeres) of the drea considered of primany
importance to fish and wildhite. The State Conservation
Departmens and  the Bureau ot Sport Fisheries and
Wildiife lease or hold easement rights on nearly 250,000
of these acres. The bulk of the easement lands is under
Burzau ot Sport Fishertes and  Wildlife  control for
wetlind preservation purposes i the eastern Dakotas,
More State easements are for fishing or hunting access.

Over halt of the total acreage on which fish and
widhfe is a primary use hies in the Upper Missourt and
Yellowstone subbasins, although these dramages melude
only 30 percent of the total basin area (figure 25). This
is due to the availability of the farge amount of public

land. especially the National Forests and  the Public
Damain, for tish and wildlite management. However.
these subbasins contain oniy about 20 percent of the
single-purpose tish and wildlive lands and waters in the
Missourt Basin. On the other hand. the Middle Missour,
Kansas, and Lower Missouri subbasins contain  the
smallest acreages of lands and waters on which fish and
wildlife management is the primary use. As one would
expect. these are the areas in which agricultural use of

the land s most extensive

In general. those subbasins containing the most public
land also have most of the land and water devoted
prmartly  to fish and wildhite. The Eastern Dakota
Subbasin. a notable exception. contains a signitficant
portion of the Nation's small marshes. and Bureau ot
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FIGURE 25
DISTRIBUTION OF SINGLE-PURPOSE AND PRIMARY (KEY)

FISH AND WILDLIFE LANDS AND WATERS, BY SUBBASINS
(SINGLE —~PURPOSE IS INCLUDED IN PRIMARY)
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- bute substantially to the large single-purpose wildlit
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1
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4 e
4
e A large segment of the basin is typified by semi arid
4 prairies, much of which is public domain. Plant regenera-
A tion is slow and overgrazing a chronic hazard.
i3
- 3 Sport Fisheries and Wildlife Waterfowl Production Areas
A
] account tor a substantial portion of the primary use Diversified agriculture in the lower subbasins provides
it ‘ acreages. In South Dakota meandered lands (lakes and excellent hunting for deer and small game: however.
.' lakebeds omitted from oniginal government surveys and widespread  clearing  frequently  depreciates  wildlife
B held in trust for the people of the State) are managed by values
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Figure 25 shows the distribution of both primary and
single-purpose fish and wildlife lands and waters among
the eight subbasins. Figure 26 indicates that the Upper
Missouri and  Yellowstone subbasins  contain  almost
70 percent of the public land on which tish and wildhife
management 1s the primary use. The lion’s share of the
private lands and waters in this category is tound m the
Eastern Dakota Subbasin. Most of this latter acreage 1s
under easement to the Bureau of Sport Fisheries and
Wildlife for wetland preservation.

FIGURE 26
OWNERSHIP OF LAND AND WATER AREAS ON WHICH
FISH AND WILDLIFE MANAGEMENT IS THE PRIMARY USE
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Apart from the lands and waters primarily used tor
fish and wildlife. certain areas where such use is ancillary
to other uses deserve special mention because of the
large acreages involved. These include Indian reservations
and State school lands. in particular.

Table 107

Indian reservations encompass in excess of 16 milhon
acres. or about 5 percent of the Missouri Basin. Al-
though all lund within the reservations is not Indian
owned. 12 million acres, or almost 4 percent ot the land
in the basin is in Indian ownership. Of this total.
7 million acres are owned by individual Indians, and
S million acres are in tribal ownership. On most reserva-
tions there is minimal management of fish and wildlife
resources. The large management potential of  the
tribally owned lands in particular is practically un-
touched: however, in recent years the Bureau ot Sport
Fisheries and Wildlite has provided technical assistance
in this field upon request.

There are about 12.250.000 acres ot State school
lands in the Missouri River Basin segments ot Colorado.
Montana, Nebraska. North Dakota., South Dakota. and
Wyoming, but none remain in lowa, Kansas. Minnesota
or Missourt. Typically. these lands are leased mostly to
furmers and ranchers. State laws make no special
provisions for fish and wildlite management on school
lands. For such lands. the tish and wildlife managment
potential is great.

Water surtace areas are included in the data presented

3

in figures 24. 25, and 26. About 13 percent of the
primary use acreage and 35 percent ot the single-purpose
acreage are wetlands or open water. The sigle-purpose
water arcas total over 410.000 acres. Based on a4 net
average evapotranspiration rate ot 1.60 acre-teet per
surtace-acre over the entire basin. the annual consump-
tive use of water on single-purpose tish and wildhte areas
is estimated at about 660000 acre-teet (table 107)
Evapotranspiration losses on 1,270,000 surtace-acres ot
water in the primary use category are not mcluded.
These areas also serve other important purposes. such as
stock water. municipal and mdustrial water. hydropowe
generation, navigation, urigation, and general recreation.
and the annual water loss would not be measurably
reduced it the fish and wildlite purposes were
eliminated

ESTIMATED CONSUMPTIVE WATER USE ON SINGLE PURPOSE

FISH AND WILDLIFE AREAS, BY SUBBASIN

Surface Acres

—_

Subbasin Land Water
Upper Missournt 142.000 ' 40,250
Yellowstone 31,000 2 960
Western Dakota 92,000 9420
Fastern Dakota 162.000 265.290
Platte-Niobrara 220,000 100
Middle Missourt 25.000 IS0
Kansas 15.000 5.750
| ower Missour S1.000 17.560
Missourt Basin 738.000 110,840

igased on “Evaporative bstimates for the Missours River Basin

Average Annual Acre-feet
per Surface- Acre
Ivaporation and

Ir.m\plr;nmn' Acredect Consumed

R R0 S00
Qo < 913
1 83 17.260
1.50 07T 9
d 50 XS 230
137 41.560
250 14,370
1 00 17.5660
160 G640
Work Group on Fivdrotogie Analyses and Progections




Distribution and Status of Fisn

An inventory and classification has been made of
43,500 miles of streams and 1.420.000 acres of ponded
waters (lakes and reservoirs) tor fishing. of a total
2.524.000 acres of water surface. Along the eastern
slope of the Rocky Mountains, trom Colorado to
Montana, there are many nationally known trout
streams. Numerous mountain lakes also provide out-
standing fishing and other recreational opportunities. In
the foothills and out on the plains, man-made impound-
ments dominate the fishing scene.

In the Dakotas. the large Missouri main stem reser-
voirs, including several high quality tailrace or afterbay
tisheries. are very prominent. Also umportant are over
100.000 acres of natural lakes of glacial origin, mostly in
northeastern South Dakota, and a number of good
quality trout streams in the Black Hills.

Farther south. through the plains States of Nebrasku
and Kansas, stream tishing tends to be of local signifi-
cance. while artificial impoundments ranging from tarm
ponds to large multipurpose reservoirs support the bulk
of the fishing. Some 22.000 acres of natural sandhill
lakes are important in Nebraska. They are the result of
local closed drainages and groundwuater exposures in the
northeentral and northwestern part of the state.

In northwestern lowa and the southwestern corner of
Minnesota there are several glacial lakes of high fishery
value. Only in the extreme lower end of the basin. in the
Ozarks of Missouri. does stream fishing quality again
approach the significance it has in the western mountain
region. A number of spring-fed Ozark streams uare
renowned for floating, affording unique scenery and fine
tishing.

For purpose of this study. fishing waters have been
separated into the categories of streams. natural lakes,

and reservoirs (figure 27

). Reservoirs have been further
divided into large (those over 1.000 acres) and small
categories (those less than 1.000 acres. including furm
ponds). Within these categories. waters and adjacent
surroundings were classified on the basis o quality
characteristics as to their relative importance — National.
State. local. Figure 28 shows, in a general way. the
location and nature of those waters identified as of
National or Statewide importance for sport fishing

An effort was made to identity waters that have
suffered degradation as fisheries by man’s activity.
However. data on pollution. water withdrawal, channel-
ization. increased siltation. and limited information on
shoreline encroachment could not be related directly to
fish  propagation and quality of experience. Surface
waters of the basin receive nutrients from  treated
domestic and industrial waste and trom agricultural
runoft. For the most part nutrient concentrations are
higher in the lower or eastern part of the basin due to

greater population densities and more mtensive land use
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Oxygen sag or reduction occurs occasionally on the
lower main stem and can be correlated with intensive
rainfull and tloods on tributary streams.

Degradation of fishing waters is not limited to the
eastern part of the basin. The South Platte River and
many of its tributaries around Denver have been
essentially destroved for fishing by pollution and by
dewatering for beneficial uses. Very serious stream
pollution occurs in the Black Hills where miles of trout
streams are wholly or partially degraded. Even n the
sparsely populated States of Montana and Wyoming
stream  pollution is often of critical concern. This
mcludes many miles ot the Yellowstone River. some ot
it just north of Yellowstone National Park

Dewatering of streams by diversion is also widespread
over much of the basin. This practice s most damagimg
to trout fishing in the brigated areas of the western
states. Hundreds of nules of otherwise good trout

streams have been almost totally dewatered by irr

diversions and by the operation of mimpoundments fo

irrigation,  electric  power production. and other
purposes. Warm water stream fisheries also have suttered
in the Plains States from these same factors. In these
areas, dewatering 1s often complicated by widely fluct

ating natural stream flows. Not even in the eastern tip ot
the basin. where water supplies are much greater. can
dewatering be disregarded as a factor limiting stream
tisheries. There are. however. examples where develop-
ments and mmpoundments have mmproved reaches ot
streams for tishery habitat through stabilization of the
flow regimen. better temperature control. and sediment

reduction

Proper land use practices and good watershed conditions
are essential to management of small prairie impound-
ments.

Man's use of the land s a factor m the acceleranion
soil erosion and the production of sediment. Cultivatior
for the production of row crops and small grains resulted

in added soil erosion and sediment delivery to stie




FIGURE 27
DISTRIBUTION OF FISHING WATERS
BY SUBBASINS

PPER MISSOQUR

LAKE AND RESERVOIR ACRES

STREAM MILES

WESTERN DAKOTA

——
N NG
/, \ \
e > .
7 528
g
PLATTE — NIOBRARA ]
SSOURI

KANSAS




TRE
i (864 MILES)
ns———
Wa w
CLA 1oy g
s
Wa tew
AKE
| 1,51k RE
T
A
Rese
RE

FIGURE 28
STREAM AND LAKE FISHERIES
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The removal of streamside vegetation and bank erosion,
road construction, strip mining, and in some areas.
logging. also contribute to increased sediment pro-
duction. These sediment loads have increased turbidities
and accelerated the sedimentation of lakes and streams
with serious adverse etfects on tish. The application of
conservation practices, proper grazing, and changed use
of some highly erosive soils from cultivation to per-
manent vegetation, have reduced the problem to some
extent. The construction of water impoundments has
served to trap sediment with adverse effects on the
impoundment. This has in turn lowered the turbidity of
streamflows below these structures. However, a serious
sediment problem still exists in many ot the rivers.
streams and lakes in the basin.

Channelization of stream courses has resulted i
significant degradation of associated fisheries m many
instances. Many tributaries have been channelized to
speed flood runoff, especially in their lower reaches
Road construction has resulted in much channel moditi-
cation. Rerouting of streams often increases gradients
and  tlow  velocities: LlL‘\[I«‘_\\ meanders. vegetation.
pools, riffles. and undercut banks: and reduces fishable
stream mileage

From data available on the degrading tactors listed.
about 2410 miles of streams and about 4.300 acres of
relatively small impoundments were identified as totally
degraded for fishing. It is certain that additional waters
would be so classed if the data were more complete
Certainly most waters in the basin have suffered some
damage from one or more of the enumerated tactors

There are about 1.857.000 acres of water in the basin

Northern pike. such as these from Oahe Reservoir, are
“trophy” fish of outstanding value. A shortage of
physical access developments limits fishing. Future
research and improved management may perpetuate the
future of this resource in these reservoirs

species  alre 1en o ¢ \
having significant commercial fishing potential. This ) Ll o " )
< s drurgl flakes and SN reservoltl
includes all water bodies exceeding 1.000 surtace-acres. [ tlie lower wurt of the basi S th &
plus the Missouri River. The 1.004.000 acres of main : yullliead q v 1 i
PG 188 L] 1 S i L 1 >
> > 3 g N he to het 1
stem impoundments constitute most of the total. Other e R M ‘ ot W ‘ .
impounded waters, including natural lakes. provide an AT e Dk Miss
additional 758.000 acres. The Missournt River represents [ 0
about 95.000 acres of water suitable for imercial a s
Important put-and-tak
tishing.
¢ fow e O
In the mountainous west. rainbow trout and brown N
) i\
trout constitute the main sport fish populations. Brook i
Ccdil I Craid iy | C
cutthroat. and lake trout are also amportant. with : 0
} : considered | o
Kokanee. silver salmon. and golden trout locaily signifi-
primary I hery
cant. The Arctic grayling and greenback cutthroat trout I
) T S e ; X
considered as rare and endangered. respectively. by the : \ B
[ 1\ 1 1 i I b
Committee on Rare and Endangered Species. also oc : )
i 1 ) duct 11
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species. In the Dakotas. this species. with the walleye ality found B
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with sauger. burbot. paddlefish. and cattish. Channel Cattish a 1" v oabund |
cattish provide the most pop tlar stream tishing through ol
out the plains area. Trout are very mmportant locally { t
particularly in the Black Hills and m relatively small Other { ieht reially
State-managed  recreational  lake Largemouth by
rappie. sunfish. vyellow  perch. bullhead nd \ I
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The capability of the classified fishing waters in the
Missouri Basin to supply sport tishing has been estimated
at about 43,133,000 fisherman-days (f-d) annually.
Estimates are based upon “good™ quality fishing defined
as 3 fish, er I to 2 pounds, per fisherman day for both
warm-water and cold-water fishing. Capability or
capacity, as used here, is an estimate of fishing that

could be realized if all habitat were used at a high level.
The total basin capability is the sum of estimated
individual capabilities for the multitude of habitat
components corprising the fishery resource. It is shown
divided into segments by subbasin and habitat categories
in figure 29. Basinwide, natural waters including streams
and lakes together provide just over one-third of all

FIGURE 29
DISTRIBUTION OF FISHING CAPACITY
BY SUBBASINS
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capacity, artificial reservoirs of 1,000 acres and over
provide nearly half, and small reservoirs. including farm
ponds, supply the remainder.

As seen in figure 29, streams and natural lakes
contribute significantly to the total fishing capacity in
and near the mountainous western end of the basin
where associated aesthetic qualities are of a high order.
Artificial impoundments provide the vast bulk of capa-
city in other areas, although natural waters do contri-
bute significantly, notably the streams of the Ozark
Plateaus in Missouri, the glacial lake complexes in the
Dakotas and lowa. and streams of the Black Hills in
South Dakota and Wyoming, and the sandhill lakes of

152

Nebraska. The status of most of these high quality
fishing waters is tenuous, and must be protected to
preserve the unique recreational and aesthetic values
Substitution of gross increases in fishing capacity. as
through reservoir construction, in the past has obscured
the loss of unique and irreplaceable stream fishing
resources, especially i areas of the basin where available
fishing capacity has exceeded that needed to meet
demand.

Sport fisherman use in the basin has been estimated
at 17409000 fisherman-days i 1960 or about 40
percent of the total capacity as shown in figure 30.
Nonresident use represented about a tenth of the total.




Trout are so abundant in some of the scenic high
mountain lakes that fishing such as this is commonly
enjoved. Preservation. improved public access. and
intensive management are basic needs for many of these
waters.

FIGURE 30
FISHERMAN USE
(IN PERCENT BY SUBBASIN)
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About one-third of all use was m the Lower Missourn
Subbasin. nearly a fourth in the Platte-Niobrara Sub
basin. and about a tenth in the Middle Missour
Subbasin. These three subbasins support some 70 per
cent of the population in the Missourt Basin. and it 1s 1
these areas that the most sertous shortages ot tishable
waters oceur, or are in prospect. By contrast. less than 4
tenth of all use occurred in the Upper Missouri and
Yellowstone subbasins combined. Over halt ot the
fishing in these two subbasins was on streams. largely

trout waters

The overall supply of sport fishing in the Missouri
Basin appeared adequate in 1960, based on 4 comparison
of use and capacity (figures 29 and 30). However. many
factors tend to discourage use or hmit realization ot the
available capacity. A major problem is the geographical
distribution of people versus fishing waters. In the
Missouri Basin. much fishing 15 too far from the
potential fisherman. Legal and physical access to tishable
waters is another important consideration. For example.
there may be relatively little fishing on a prime trout

streant it access 1s .1;111;1”} or in effect denied

l)ix) sical limits on access. such as the lack of roads

into mountainous and other undeveloped areas. are

fments present

frequently important. Very large impoun
inherent difficulties which often restrict use. Big reser-
voirs require large personal investments m equipment
and present hazardous fishing conditions.  Aesthetic
qualities are frequently low. especially where extensive
lake drawdowns are common. and developed access
areas, other than at tailraces and public recreation sites.
are often madequate or unattractive. These and other
factors have depressed actual use of tishing waters i the
Missouri Basin in the past and will continue to do so n

the future

The capacity of classitied fishing waters to support
sport fishing is projected as unchanged for the vears
1980, 2000. and 2020. Routine construction of mm-

pouridments combined with fishery management
sophistication will undoubtedly increase the capacity
On the other hand. gradual degradation ot existing
habitat through stream channelization. water quality
detertoration. sedimentation of stream beds and reser
voir basins. and other factors. will tend to offset many

of the gains. No reasonable basis exists tor quantitying

the net trend: thus fishing capacity is projected as level

from the present to 2020

[he capacity of waters in the basin to sustain 4

ommercial tishery 1s estimated to be about 992 milhion
pounds annually of which the main stem impoundments

would provide over one-half” (figure 31). Actual pro

luction narketing i 1965 was only ab Sod
nillion pounds. or just over S percent of the estimated
avatlable supply because of the low demand
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FIGURE 3I
COMMERCIAL FISHING POTENTIAL AND DISTRIBUTION
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The commercial fishery potential of the basin is largely
undeveloped. generally confined to scattered one or
two-man operations on the Missouri River.

Distribution and Stacus of Wildlife

Wildlite habitat and populations are us varied as the

wide range of habitai that supports them. About 60
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species of big game. small game. and waterfowl are
sought by hunters and about 20 of the species are
important for their fur.

For purposes of this report. only those animals of
value for hunting. as fur animals. or those having
outstanding  signiticance  for some other reason. are

discussed. The values of wildlife for recreational pur-

poses other than hunting are treated more tully n
chapter 6

Some animals of special note ceeur i the basin: these
are the rare or cml.;n-;_‘cw\l Specdies ds IL\\‘}!HI/C\I l‘}. the
Committee on Rare and Endangered Wildlite Species ol
the Bureau of Sport Fisheries and Wildhte. Birds and
mammals  considered  to be near extinction or en-
dangered mclude the black-tooted ferret. Eskimo curlew.
grizzly bear. and whooping crane. Those categorized as
rare are the Amerncan peregrine falcon, black-tailed
prairie dog. greater sandhill crane. northern greater
praivie chicken, and western burrowing owl. Programs
have been mitiated to perpetuate these species

Deer are the most abundant and important ot big
game, and because of thewr wide distribution they form

the backbone of big game hunting in the basin. Although




both mule and white-tailed deer are abundant, whitetails
are more widely distributed. with mule deer restricted to
the western portion of the basin. White-tailed deer prefer
the more heavily timbered areas and brushy dramnages,
whereas mule deer typically inhabit the open prairie and

mountam fands with a more scattered arrungement of
woody cover. In much of the western portion of the
basin both species can be found together. Since there 1s
considerable overlap of their ranges. the high quality

3

habitat for both is illustrated m figure 3

FIGURE 32
DEER HABITAT
HIGH QUALITY

LEGEND

— MULE DEER OR WHITE TAILED DEER

Pronghorn antelope is most abundant in the prairie
sections of the Upper Missouri, Yellowstone, Western
Dakota. and Platte-Niobrara subbasins (figure 33). In
terms of annual big game Kill. 1t ranks second only to
deer. The pronghorn is dependent on the condition of
open rangeland. and this habitat has been deteriorating

largely as a result of fencing, overgrazing. sagebrush
eradication, and conversion of native mixed habitat to

grass ranges. In some areas along the eastern edge of the

existing pronghorn  range, transplanting and  re-
establishment programs are being carried out to extend
distribution

EIk are located mainly in the tmbered mountain
portions of the Upper Missouri, Yellowstone, and
Platte-Niobrara subbasins. Small herds are also found in

the Black Hills of the western Dakotas and the Missouri




FIGURE 33
ANTELOPE HABITAT
; HIGH QUALITY
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; River “breaks™ of the Upper Missouri. Elk management Hills of the Western Dakota Subbuasin. All ot these
&5 is most successful and generally limited to the mountains animals require specialized habitat
and foothills in the western part of the basin. Continued Indian reservations contain a substantial amount ot
depreciation of habitat, especially through livestock big pame range in good to excellent condition and ofter
competition on winter range and the Iimited quantity of potentially good to excellent hunting of most big game
forested mountain habitat, regulates elk numbers. Al- species and upland game birds. Fair to excellent hunting
though most of the elk habitat is on public land. many of deer. pronghorn antelope. grouse (prairte chicken and
i of the winter ranges are on adjoining private land and are sharp-tail). pheasants, and dove exists on some of the
‘
5 used to capacity by livestock during other times of the reservations today

year. T'he pheasant is the most important upland game

Moose, bighorn sheep, black bear. grizzly bear. and species from the standpomt ot harvestable numbers.

i mountain goats are other “trophy™ species that are man-days of hunting. and wide distribution. High quahits

assoctated in general, with the more remote areas of the

habitat assocrated with cropland 1s scattered throughout
Upper Missouri, Yellowstone. and Platte-Niobrara sub

the basin (figure 34y, Populations m the Fastern Dakota

basins. There are also a few sheep and goats in the Black and  Platte-Niobrara  subbasins

can  be considered ol
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Range for elk and other big game is in critical supply
where herds come into the foothill grasslands in com-
petition with livestock for winter feed. Winter range
should be balanced with the abundant summer range for
maximum benefits to wildlife.

national importance. and large numbers ot hunters
travel considerable distances to hunt them. Pheasants in
the more arid sections of the basin are usuafty assoctated
with irrigated river valleys where environmental condi-
tions. especially at the lower elevations, are tavorable
Pheasant numbers are greatest in the Eastern DaKota.
Platte-Niobrara. and Middle Missouri subbasins. but
populations there and elsewhere have declined inrecent
years as a result of land use changes. dramage. intensitied
agriculture, and environmental limitations which are not
completely explainable.

The bobwhite quail 1s the second most mportant

game bird in the basin in terms ol Kill and man-days ot
hunting. Although high value habitat is found only in
the southeastern part of the basin. huntable populations
do extend into the Eastern and Western Dakota sub-
basins (figure 34) and a few areas farther west. Reduc
tion of habitat by improved farming methods. urban
development, highway construction. and weed control is
rapidly lowering quail populations and the quality of
quail hunting, especially in the Middle and  Lower
Missouri subbasins. The adverse effecis upon quail
habitat are being relieved in small measure by planting ol
farm hedgerows and shrubs and development ot habitat
on isolated arcas

Several species of  grouse are widely distributed
throughout the basin except i the southeast. High
quality habitats tor sharp-tailed grouse. sage grouse
mountain grouse “blue. Franklin's, and rutfed) and

greater prairie chicken are shown in figure 35, Distri

More hunting effort is devoted to pheasant in the basin
than any other wildlife species. These Kansas hunters are
enjoying the fruits of high quality habitat developed and
managed by the State on lands around Lovewell
Reservoir. All future water development projects should
be planned to achieve similar benefits wherever possible.

bution of all grouse since 1900, with the possible
exception of the mountain grouse. has been diminished
due to reduction of habitat by overgrazing. cultivated
agriculture. and other chunges in land use. For example.
the only remaining high quality prairie chicken habitat
of any extent 1s confined to relatively small areas in the
Platte-Niobrara and  Wesiern Dakota subbasins he
sharptail is the most widely distributed and likewise the
most important to hunting. Some of the best popula-
tions in the Nation are tound in western North Dakota
and South Dakota: however, hiere also much habitat is
depreciated. Untortunately, numerous sagebrush-control
efforts are continuing to severely reduce sage grouse
habitat
Hungarian  partridge  habitat s well  distributed
throughout the northern portons of the basm. and good
populations of this exotic bird are present (figure 34). It
is well adapted to the northern Great Plains where

extensive grain production occurs. This bird is subject to

wide population fluctuations, which greatly comphicate
its management. Chukar partridges now are well estab
lished in many foothill arcas in the western part ot the
basin

Mourning dove habitat 15 also well  distributed
throughout the basin, and tremendous numbers arc

produced annually. Agricultural practices have genc

benetited mourning doves. In late summer and tall many
more migrate through, and large concentrations  are
common. Only Colorado. Kansas. Missouri. and Soutl
Dakota currently permit dove hunting. It is a protected
bird in the other Missouri Basin States despite the tact
number-one game bird in the Nation in

terms of numbers taken by hunters



FIGURE 34
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FIGURE 35
GROUSE HABITAT
HIGH QUALITY
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Wild turkeys are in every subbasin. In recent years
transplant programs have reestablished turkeys i arcas
where there has been none for many vears, and
introduced them mnto new habitats. Many of the new
flocks have mcreased sutficiently to permit hunting
Improved timber management practices In some areas
would turther help turkey populations.

Cottontail and squirrel are the most important small
game mammals in the basin. Cottontail hunting 1s second
only to pheasant hunting in terms of man-days ex
pended. High quality cottontail habitat is tound i all
subbasins. but better populations occur in the lower
four. In these lower subbasins, cottontail habitat is
decreasing as a result of changes in land use and

imtensitied agriculture

Fox squirrel habitat is most extensive in the Lower
and Middle Missoun and eastern portions ot the Platte-
Niobrara and Kansas subbasins. Gray squirrel habitat is
limited to the extreme lower portion of the basin. Land
clearmg. especially of river bottom timber, 1s resulting in
lost habitat and reduced squirrel populations. Mast-
producing and den trees are bemng removed at an
alarming rate with little consideration for squirrel and
other wildlife values. Upland habitat 15 also being
degraded by lack of adequate consideration for wildlite
i management of timber stands. Some shght compen-
sation is resulting from the acquisition of small timbered
tracts by urban people seeking rural retreats. Much ot
the land acquired by these people is being permitted to

revert to woody cover by natural plant succession. Farm
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shelterbelts, windbreaks, and forest plantings  have
helped to expand the tox squirrel range and establish

new populations.
Muskrat, mink, and beaver are the most important fur

species throughout the basin from the standpoint ot fur
value. The muskrat is the most widely distributed and
most commonly trapped. Kaccoons, foxes, coyotes,
skunks. badgers. bobcats, weasels. martens, jackrabbits.
and snowshoe hares are comumon. although not distri-
buted basinwide. Land clearing and intensive agricultural
use, including drainage. continue to reduce fur animal
habitat. particularly muskrat habitat. Farm ponds. marsh
improvements. and other water developments have
provided some replacement habitat.

Waterfowl habitat is extremely varied and very

unevenly distributed. In the northern part of the basin,
large expanses of dryland grain farms and grasslands
interspersed with prairie potholes or marshes. especially
in the Dakotas, provide migration and breeding habitat
for great numbers of waterfowl. Farther south, the
habitat is typically stream bottoms. lakes. reservours. and
various other wetlands. These areas are more important
for migration and wintering. In the western parts of the
basin. the beaver ponds. lakes. streams. and marshes ot
the Rocky Mountains and the irrigated lands m the
valleys. are valuable for the tull range of waterfowl
activities. Figure 36 indicates the habitat considered ot
high waterfowl value.

There are an estimated 2.5 million acres of wetlands
valuable to waterfowl in the basin. Of this. about

FIGURE 36
DUCK AND GOOSE HABITAT
HIGH QUALITY
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66 percent or 1,650,000 acres, is located in the Eastern

Dakota, in the heart of the duck-producing area of
North America (figure 37). About 2 million acres consist
of type 3.4, and 5 wetlands. for the most purt natural
marshes or potholes. In addition. about 400.000 gcres ol
farm and ranch ponds are valuable to waterfowl.
Continued stock pond development has played a signifi-
cant role in waterfowl production. especially in the
western part of the basin. Of the total acreage of such
ponds in the basin. about 52 percent, or an estimated
210.000 acres. are located in the Upper Missouri,
Yellowstone. and Western Dakota subbasins

Probably no other group of wildlife is affected by so
many factors as waterfowl. Foremost is the availability
and condition ot wetlands. Periods of drought. such as
oceurred in the northern plains during the late 19507
and early 1960°s severely reduced aquatic habitat.

Normal winter migration has been interrupted where
water developments create unseasonal open water areas
and attract heavy concentrations of ducks and geese.

;
s

Geese concentrated at the Squaw Creek National Wild-
life Refuge in Missouri. As goose populations continte
to increase, additional migration and wintering habitat
will be needed to help distiibute the flocks and hunting

pressures.

The weltare of migratory watertowl is ot inter-

national concern mvolving the conservation and develoy

wabitat. In

ment of production. migrating. and wintering
sonie places all three habitat functions are supplied on
the same area. compounding the complexity of water-
fowl management. A summary of wintering and breeding
waterfowl by the various subbasins 1s shown in
tables 108 and 109. The status and future of breeding
waterfowl especially ducks and their associated habitat

is a major concern in the basin. The Upper Missouri leads

in the production of geese. and the Eastern Dakota is the

major producer of ducks. The Lower Missouri winters
the largest numbers of both ducks and geese. About 2.4
million breeding waterfow] were present i the basin in
the middle 1960’s. Durning the same years wintering

\

waterfowl in the basin totaled almost 2 million

Various programs have been initiated or accelerated
[0 preserve and alL‘\C|wp habitats and associated water
fowl populations in  the major production areas.
However. in several areas where significant waterfowl
production potentials exist. no action ot only token
action has been taken to stimulate wetland preservation.
development. and management

Draining. filling, burning. polluting. and overgrazing
are still rapidly decreasing valuable wetland habitat. In
the major wateriowl producing areas where wetland
drainage with Federal cost-sharing assistance has been
curtailed. extensive drainage has continued through
private initiative. In addition, Federal. State. and local
water development projects. and land treatment pro-

grams that include didinage. continue to reduce wetlands

tish and

of prime value to waterfowl and other forms ot

wildlite

Wetland drainage is one of the major wildlife problems
in the basin. This drainage ditch will destroy the marsh
in the background and with it the wildlife forms
dependent on the wetlands.

Remaming natural wetlands in the three-state pothole
area are bemng drained at a current rate of 1.73 percent
per year almost entirely to mmprove farm  lands tor

agnicultural purposes, Recent sutveys in North Dakota
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FIGURE 37

DISTRIBUTION OF WETLANDS AND RELATED WATERS FOR WILDLIFE

WETLAND TYPES

TYPES

1 SEASONALLY FLOODED BASINS

2 INLAND FRESH MEADOWS

3 INLAND SHALLOW FRESH MARSHES
4 INLAND DEEP FRESH MARSHES

5 INLAND OPEN FRESH WATER

6 SHRUB SWAMPS

O INLAND SALINE MARSHES

1

i

INLAND OPEN SALINE WATER

BASINWIDE
3%

DISTRIBUTION BY SUBBASIN

WETLANDS FARM AND RANCH PONDS WATER AREA OVER 40 ACRES
2,518,000 ACRES 406,000 ACRES 76,00

SUBBASINS

1 UPPER MISSOUR! 5
2 YELLOWSTONE 6
3 WESTERN DAKOTA 7
4 EASTERN DAKOTA 8
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Table 108 — SPECIES AND ESTIMATED NUMBERS OF WATERFOWL BREEDING AND WINTERING

IN THE MISSOURI BASIN (1960-65 AVERAGE)

Subbasins
Upper Yellow- [ Western Eastern Platte- Middle Lower
Species Missouri stone Dakota Dakota | Niobrara | Missouri Kansas Missouri Total
— ——
Wintering Waterfowl r

Canada Goose 1.200 1.600 6,300 11,700 ‘ 24,100 | 5.000 13,940 | 140,020 203,860

Blue-Snow Geese ‘ 0 0 0 0 | 10 | 25.000 | 0 10.030 35,040

Mallard ’ 84,900 56,300 84,200 | 224,700 | 356900 |175.000 | 263.050 | 600,000 | 1,845,050
Pintail 0 1,000 * = 3,030 | 0 520 9.600 14,150~
Teals 200 4.000 * S 3,300 0 810 3,380 11,690*
Shoveler ‘ 0 1.000 i ol 100 | 0 yi 780 | 1.880*
Gadwall 10 1,000 * * 140 0 40* 700 1.890*
Wigeon | 100 3.000 * * 1.100 0 410* 1.480 6.090*

Wood Duck | 0 ; 0 0 0 | 0 0 0 4.000 4.000

Other Ducks ,‘ 1,200 | 2.900 1.720 S.020 0 40400 0 | 1,930 15,600 | 68.770

Totals 87,610 | 70,800 | 92220 | 241,420 | 429.080 | 205,000 |280.700 | 785.590 | 2.192.420
{ S B = S - 1 { + S e R

Breeding Waterfowl { ‘ “ ‘

Canada Goose 10,000 | 1.200 60 810 | 2,500 400 210 400 15.580

Mallard 265,200 | 160,000 129,200 233.890 | 103400 4.200 5.850 100 | 901.840

Pintail 145,000 | 29,000 41,800 132,140 21.850 0 1.560 0 | 371350

Teals 35,800 16.000 83.300 309400 | 74.700 8.400 15400 200 551,200
Shoveler | 24,100 10,100 21,800 95.200  10.600 0 170> 0 161.970*
Gadwall | 49900 22,400 19.200 74.000 18,000 0 | 60* 0 | 183.560*
Wigeon ‘ 24.200 10,200 12,200 19.000 | 5,600 0 | 40* 0 | 71,240%

Wood Duck | 0 0 0 0 0 3.750 1 4.100 12,300 20,150

Other Ducks 19.000 8.100 13450 57,400 11.700 2.100 5,190 0 116.940

Totals f573.30() i 267.000 321,010 | 921.840 248,350 18,850 ] 30.580 13,000 | 2.393.830

*Some included in other ducks.

Table 109 — DISTRIBUTION OF BREEDING AND WINTERING WATERFOWL IN MISSOURI BASIN

(1964-65)
Percent
Geese Ducks
Subbasin Breeding Wintering Breeding Wintering
— et ‘ — o e |

Upper Missouri 64 ‘ * 24 4
Yellowstone 8 * 11 4
Western Dakota * 3 14 4
Eastern Dakota 5 5 ; 39 12
Platte-Niobrara 16 10 10 21
Middle Missouri 3 13 1 9
Kansas 1 6 1 14
Lower Missouri 3 63 " 32
Missouri Basin 100 100 100 100
Total Number of Waterfowl 15.600 239,100 2.378.000 A 1.954.000

*Less than 1 percent.
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revealed 19635-67 drainage losses to be almost 45.000
acres  of semi-permanent  and wetlands
(Types 3 and 4). ln the Bastern Dakota Subbasin where
over 30 percent of the onginal wetlands were drained

permanent

betore 1950, drainage currently of remaining wetlands is
. approximately 1.25 percent per year representing about

4,500 acres.

SUBBASIN BIG GAME

FIGURE 38
USE AND CAPACITY OF WILDLIFE RESOURCE

The wildlife resources and habitat in the Missouri
Basin have the capacity to support an estimated 16.8
million man-days of “good™ quality hunting annually
(figure 38). Present use abready exceeds 11.4 million
man-days. about 75 percent of which is small game
hunting and the remaining 235 percent equally divided
between big-game and waterfowl hunting.
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! success believed to reflect “good™ quality hunting. The Jackrabbit 4 |
F Woodchuck 2 1
i
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While the present total capacity of wildlife resources
and habitat to support hunting appears to be somewhat
greater than the present use. the three major com-
ponents of that use {small-game hunting, big-game
hunting, and waterfowl hunting) are not weil balanced
with the habitat capability. For example. the currently
excess hunting capacity in the Missouri Basin is primarily
related to small game. Waterfow!l hunter-use is already
greater than the capacity of the birds and the habitat to
support it at the “good™ quality level, and big-game
hunter use is near that capacity.

The contributions of the several subbasins to these
three categories also vary. Big-game hunter demand
exceeds capacity in the Middle and Lower Missouri
subbasins and even with continued restrictions, will
exceed capacity in all subbasins well before 2020.
Small-game hunter use is below the capacity of the
habitat to support it in all subbasins, but by 2020 use is
expected to exceed capacity in all subbasins except the
Western Dakota. Waterfowl hunter use is already greater
than capacity in the Yellowstone. Platte-Niobrara,
Middle Missouri, Kansas, and Lower Missouri subbasins.
and long before 2020 the demand for waterfowl hunting
will exceed supply in all subbasins.

Two species of deer. the only big game hunted
basinwide, support most of the big game hunting. Over
225,000 deer are killed annually — roughly three-fourths
of the almost 300.000 big game animals of all species
Killed each year as shown in table 110. While deer supply
the big-game hunting base. antelope. elk. bear. and
“trophy™ big game are extremely important in some
parts of the basin.

The Upper Missouri, Yellowstone. and Western
Dakota subbasins account for over 70 percent of the
total big-game kill. Another 20 percent is taken in the
Platte-Niobrara Subbasin, mostly in the western portion
(table 111). About half the total hunter-days in the
Upper Missouri. Yellowstone. and Western Dakota sub-
basins is spent on big game. In contrast. S percent or less
of the hunting effort is expended on big game in the
eastern subbasins.

Small game habitat is the base for 80 percent of the
capability of the Missouri Basin to provide hunting. Only
in the Platte-Niobrara and Middle Missouri subbasins is
current use near the capacity. All species considered.
almost 15 million small game birds and mammals are
harvested annually by hunters, and almost one-third of
these are pheasants (table 110). The cottontail ranks

Table 110 - AVERAGE ANNUAL HARVEST OF GAME ANIMALS IN THE MISSOURI BASIN

] 4 Estimated !\Em\hcr l\l"t‘d' =y e J Nfiteouti
Upper Yellow- [ Western Eastern | Platte- | Middle ] Lower = Basin
Species ' Missouri stone | Dakota | Dakota | Niobrara | Missouri | Kansas Missouri Total!
! | . ! +

Deer ‘ $8.000 | 61.600  39.000 11.000 43.000 5.000 | 3.000 | 8.000 227.000
Antelope | 8.000 17.000 14.000 N 15.000 0 | 300 | 0 S5.000
Ik 3.700 5.000 200 0 2.000 0 (4] 0 11.000
Moose 200 200 0 0 0 0 0 Ul 400
Bighorn Sheep S0 100 0 0 20 0 0 0 200
Mountain Goat 100 50 0 0 0 0 0 0 150
Bear 600 300 0 0 100 0 0 0 1.000
Pheasant 143.000 130.000 230.000  1.941.000 904.000 653.000 704.000 44 000  4.749.000
Sage Grouse 27.000 32.000 1.000* 0 27.000 Ul 0 0 R U
Sharptailed

Grouse 34.000 20,000 105.000* 35.000* 51.000* 0 0 0 245.000
Prairic Chicken 1] 0 * s * 200 6.000 6.000 12.000
Mountam Grouvse 29.000 3.000 S 0 4.000 0 0 (0 36.000
Bobwhite Quanl 0 (1] 159.000 312.000 680,000  2.256.000  3.407.000
Hungaran i

Partridge 41.000 19.000 22.000 SO.000 0 5.000 0 0 137.000
C hukar Partnidge 0 10,006 0 300 0 0 0 10,000
furkey 100 400 1.000 S0 1.000 S 50 100 3.000
Mournmg Dove (§ 0 0 0 74.000 29.00¢ 239 000 330,000 672.000
Cottontal -- 18.000 42.000 164.000 282.000 690.000 231.000  2.300.000  3.727.000
Squirrel 0 0 0 82,000 336.000 | 124,000 @ 632,000 | 1.173.000

Raccoon .-

I ox-covole

Tackrabbi =ss
‘Noodcheck 0 0 1}
Ducks S6.000 $3.000 36.000

Greese 7.000 1.000 4.000

65.000 | 10,000 27.000 \ 7.000 21.000

.= 34,000 1.000 110,000 146.000
10.000 16.000 - 11.000 38.000
124.000 12.000 136.000

(4] (0 «-- | 130,000 1 30,000

245.000 | 189.000 90,000 | 116,000 73.000 S37.000
142.000

Flotals are rounded hence the sum of the subbasins may not exactly equal the Missouri Basin total
“Data tor these mdividual species cannot be completely separated: therefore the number of sharptailed grouse may include some

sapeprouse and some pranre chicken.

Novdata avarlable. For the most part, the numbers missing are not large.
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Upper !”Ycllm\- Western | Eastern
Dakota | Dakota | Niobrara| Missouri | Kansas = Missouri

Table 111 —
\
Species Missouri | stone
Deer 26 39
Antelope 3 7
Flk 16 17
Moose ¥ ‘ ..
Bighorn Sheep it *
Goat LR *
Bear 1 | x
Big Game 47 64
Pheasant 16 LS
Sage Grouse 2 S
Sharptailed Grouse 3 2
Prairic Chicken 0 0
Mountain Grouse S +
Bobwhite Quail 0 0
Hungarian Partridge 16 4
Chukar Partridge 0 2
lurkey * £
Mourning Dove 0 0
Cottontail Rabbit .- 1
Squirrels 0 0
Other Small Game = $
i

Smalil Game 42 | 30
Ducks 8 5
Geese 3 | 1
Waterfowl L] 6
All species 100 100

*Less than 1 percent.

second with almost 4 million killed. and the bobwhite
third with a take of about 3.4 million.

The Kill of various species is noticeably irregular from
subbasin to subbasin. but the bulk ot small game is taken
in the eastern portion of the Missouri Basin where small
game populations and hunting pressures are the greatest.
Almost halt of the pheasants are taken in the Eastern
Dakota Subbasin. Over halt of the quail and cottontails
are Killed in the Lower Missouri. More than 75 percent
of the hunter-days in the Eastern Dakota. Middle
Missouri, Kansas,
spent hunting small game, and almost 70 percent of the
activity in the Eastern Dakota Subbasin is expended on
pheasants alone (table 111).

and  Lower Missourt subbasins are

About 1 million waterfowl have been bagged annually
in the basin in recent years (table 110). In the carly
1950°s the kill was about twice as heavy. but a series of
poor water years and continued habitat destruction have
necessitated smaller bag limits and reduced seasons in
order to keep annual harvest rates in balance with
production. Since 1962 duck populations have been
making a modest comeback.

The number of geese. unlike most of the ducks. has
been more stable. In general. their nesting arcas are
drouth

farther north and not aftected as much by
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Percent of Total Hunter-Days Expended

36
6 b
E il 0
0 | 0
0 0
0 0
0 0
43 3
26 68
* 0
12 1
(]
0 0
9 4
0
0 (]
3 4
il --
*
50 73
6 12
| 8
7 20
100 100

conditions or man’s activities. In tact. through improved
management. the number of geese as well as hunting has

Platte- | Middle

10 3
2 0
2 0
0 0
= 0
0 0
* 0
14 3

43 34
2 0
2 0
iy 0
5 7
0 0
* 0
5 *
13 20
2 15
4 5

74 81
9 8
3 8

12 16

100 100

2

0
0
0
0

been increasing in recent vears.

Since use is related to the number of hunters as well
as availability of game. figure 39 provides an indication
of recent trends in watertow! hunting. The bulk ot the
waterfowl hunting occurs in the eastern portion ot the
basin. This is partially because of the greater emphasis

HUNTER EFFORT EXPENDED ON WILDLIFE IN THE MISSOURI BASIN
1

Lower | Missouri

5
0
0
0
0
0
0

3

(U]
0

0
26

100

on big game hunting in the western states.

Of almost 800.000 wild tur pelts harvested annually
in the basin, over one-halt are muskrat and one-fourth
are raccoon (table 112). Aquatic fur animals are the
most important from both the standpomt of numbers

taken and total fur value.

In general. the more valuable tur-animal populations
are declining gradually with the decline in available

habitat.
atfected

reasons.,

declining. Surplus tur animals occur m most subbasins,
and barring radical changes in demand tor fur, these
surpluses will persist. Although populations of various

tur

long-term trends suggest a rather static relationship

animals

Aquatic  fu
by

mostly

will fluctuate

between use and capacity

from

animals  have been  especially
drainage of wetland areas. For various

economic. trapping is also  steadily

time  to

Basin
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FIGURE 39
DUCK STAMP SALES IN MISSOURI BASIN STATES
(EXCEPT MINNESQOTA)
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Table 112 — ANNUAL FUR ANIMAL HARVEST IN
MISSOURI BASIN, 1960-1965 AVERAGE

Number

Species
Muskrat 407.000
Beaver 49.000
Mink 35,000
Otter 30
Raccoon 179.000
Opossum 33.000
FFox 52.000
Coyote 8.000
Skunks 8.000
Badger 6,000
Bobcat (and Lynx) 4.000
Weasel 2,000
Marten 250

Unknown
783.280

Jackrabbit (includes other hares)

Missouri Basin

One of the better indicators of quality relative to the
hunting of any one species is the success of the hunters,
since the success in taking game is generally the factor
most influencing use of the resources. Table 113
presents the hunting success for selected game species in
recent years. Since these data were compiled from a
variety of sources collected through different sampling
methods, it should be used only as a rough index to
success in the Missouri Basin. A basinwide average and
an indication of departure from this average by each
subbasin are included.

PROJECTED DEMANDS
Hunting and Fishing

Sport fishing and hunting have increased dramatically
in the last three decades. The upward trend was greatest
in the years immediately following World War II, and has
become more gradual in recent years. According to the
National Surveys of Fishing and Hunting, fishing activity
increased over 25 percent and hunting about 10 percent
nationwide between 1955 and 1965. Over the same
period, the population of the United States increased
by about 15 percent. Hunting and fishing in the
Missouri  Basin  has generally conformed with the
national trends. In the future. the demand for fishing
and hunting recreation will continue to increase as
population, leisure time. ease of travel. and general
affluence continue on the upswing. The spectacular
increases percentagewise, because of the nature of the
resource base relative to the demand. will be in fishing
while hunting in contrast, is expected to show a
percentage of population participation decline.

Fishing and hunting demand consists of two essential
components: (1) “expressed’” demand the actual
present use: and (2) ““latent” or unfulfilled demand -
the use over and above expressed demand that would
occur if the opportunity to fish and hunt were optimum.
Expressed demand is readily obtainable through fishing
and hunting license sales or similar sources and for the
purposes of this study is synonymous with present
fishing and hunting use. Latent demand is nonetheless
real, and since it can be at least partially satisfied in the
future by development and management of resources. it
must be considered in estimating future demand on the
resources.

Considerable changes in the ratio of expressed to
latent demand over short periods of time can be
expected, since latent demand is exceedingly ephemeral.
The latent demand for hunting and fishing may be
currently expressed in alternate uses of leisure time:
however, it has been amply demonstrated that if fishing
is provided in an area devoid of fishing. many people
who are spending their leisure time pursuing other
recreational activities will begin to fish.

Demand for fishing and hunting is measured in terms
of man-days of use and 1s the product of the number of
users, times the days they spend hunting and fishing. An
examination of several sources suggests that in recent
years increases in man-days spent fishing and hunting
have resulted not so much from increases in activity by
present users. as from increases in the actual number of
users in the population. In short. progressively larger
numbers of people in the United States are tishing and
hunting.

Therefore, demand is based primarily on changes in
population throughout the study period. It has been
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Table 113 — HARVEST PER MAN-DAY OF EFFORT FOR SELECTED GAME SPECIES, MISSOUR| BASIN

Species

Deer

Antelope

L1k

Pheasant
Sage Grouse
Sharptailed Grouse

Bobwhite Quail

Hungarian Partridge

Turkey

Mourning Dove

Cottontail Rabbit

Squirrel

Duck

Goose

Subbasin

y N Missouri
Upper Yellow- | Western Eastern Platte- Middle Basin
Missouri stone Dakota Dakota | Niobrara Missouri | Kansas Missouri ~ Average
g 23 21 iy
.44'1 40 44
.04 05 06+ I 08 05 {
{

“Based on a relatively small sample.
Blanks indicate that huntable populitions are not
availabie or hunting has not been permitted.
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calculated using methods set forth in reports of the
Outdoor Recreation  Resources Review Commission,
modified to account for persons coming into the various
subbasins to fish or hunt. In almost every case the
assumption has been made that residents of any given
subbasin the subbasin to fish or hunt
elsewhere in their home state are balanced by incoming
state residents of other subbasins. Where considerable
bias due to this assumption was suspected. corrections
were made to compensate.

Fishermen and hunters have been divided into two
groups - residents and nonresidents (persons holding
nonresident licenses). All nonlicensed users are con-
sidered residents. because. for all practical purposes, no
state has any provision for nonresidents to fish or hunt
without a license. Treatment of resident and nonresident
demands separately does not take into account the
overlap from residents of one state of a multi-state
subbasin participating as a nonresident in another state
of the same subbasin. This leads to a bias in estimating
the number of hunters but does not
seriously affect man-days of demand.

who leave

fishermen or

resident demand being possible with available data. The
nonresident demand for big game hunting is often
limited legally by the states, especially in the moun-
tainous west. Elimination of these restrictions would
undoubtedly result in substantial increases in applica-
tions for nonresident hunting of certain big game
species. Unlike big game hunting licenses. there have
been no limits set by the States on the sale of resident
and nonresident fishing licenses.

Fishing and hunting demands in the Missourt Basin
are presented in figures 40 and 41. Demand as it stands
alone is not very meaningful; therefore, capacity is also
presented to provide the basis for an analysis of the
demand-supply relationship. Capacity. discussed earlier,
is a relative term, and for purposes of this study is based
on the level of success rated “good.”

The total Missouri Basin demand for fishing is
presently below the capacity of the habitat to sustain
good fishing, but will exceed that capacity shortly
before 1990. In the Middle and Lower Missouri sub-
basins demand already exceeds capacity and will do so in
the Platte-Niobrara and Kansas subbasins by 1980.

All latent demands have been attributed to the Fishing demand in the upper four subbasins is well
resident segment. no realistic estimate of latent non- below total capacity at present, and is not expected to
FIGURE 40
ESTIMATED SPORT FISHING DEMAND AND CAPACITY
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FIGURE 4|
ESTIMATED HUNTING DEMAND AND CAPACITY
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cqual capacity by 2020. However, nonresident demand
will be of vital importance here. as explained later in this
section.

Hunting shows a generally similar pattern (figure 41).
Demands in the upper subbasins are below capacity . but
in all of the lower subbasins including the Platte-
Niobrara. Middle Missouri. Kansas, and Lower Missouri
subbasins, hunting demand exceeds capacity. By 2020
all subbasins except the Western Dakota will face a
demand for hunting in excess of the capacity of the
resources and habitat to support it at a “good™ quality
level. For the total Missouri Basin, demand essentially
equaled capacity in 1960, Aggravating the problem is a
marked  downward trend i amount and  quality ol
wildlife habitat resulting i an equivalent decrease in
projected capacity

Figures 40 and 41 represent the total demands of
fishermen and hunters on the entire resource base and
do not necessarily reflect the demand on any one
segment of the resource. For example. demands placed
on the big game and watertowl resources are already
near or greater than capacity i almost all subbasins. and
the remaining surplus hunting capacity is based almost
entirely on small game. In the Western Dakota Subbasin,
placed on the streams and  small

tishing  demands
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Good habitat can support a variety of wildlife. A mixed
bag of grouse, pheasants, and ducks is often common.
Habitat preservation is a primary need for the per-
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generally by demands below gross capacities. In the
lower portion, demand in the Platte-Niobrara. Middle
Missouri. Kansas, and Lower Missouri subbasins is

presently near or greater than capacity. Actual fisherman
and hunter-day use is naturally somewhat below the
demand estimates. The excess of demand over use is
substantially greater in the lower basin. indicating much
latent. or unfulfilled demand. Over 80 percent of the
Missouri Basin population is found in the lower part of
the basin. Since demand tends to vary directly with the
population, and good quality fishing and hunting
opportunities vary inversely with the population, these
latent demands are understandable.

The fish and wildlife capacities indicated are esti-
mates based on caleulations related to an inventory of
fish and wildlife resources. For a variety of reasons.
substantial segments of the capacity are not actually
available to satisty demands. Foremost among these are:
(1) a disproportionate distribution of the population
relative to the available resources, and (2) limited access
to fishing and hunting areas. In addition there is a
pronounced preference of fishermen and hunters for
certain types of fishing and hunting. such as big game
hunting and trout fishing. These factors must be
adequately considered in any analysis of the hunting and

fishing demand-supply situation tor the basin.

This concentration of fishermen on a small lake near
Omaha emphasizes the need to increase fishing oppor-
tunity in the heavily populated parts of the Missouri
Basin.

Poor distribution ot the supply relative to demand 1s
probably the most important factor limiting full use of
the capacity. The population centers of Denver. Omaha-
Lincoln. Kansas City. and St. Louis create very severe

demand-supply problems. These same areas are those

most in need of expanded outdoor recreation. Urbanized
populations tend to grow more rapidly than those i
rural areas. Lands around these urban areas become
more and more intensively used. The result is progres-
sively less room for fish and wildlife. and progressively
greater latent demands.

Denver is a good example of this situation. The
Platte-Niobrara Subbasin, which includes Denver. is well
endowed with fishing and hunting opportunity: how-
ever, the sheer magnitude of the demands generated by
Denver greatly overrides the capacity in the Colorado
portion of the subbasin. A large share of the Denver area
demands is satistied in parts of Colorado outside the
Missouri Basin, and in other States. especially Wyoming
and Nebraska. A substantial portion of the potential
demand is not satisfied at all. and thus is “latent.”

The complexities of distribution are not confined to
the larger cities. They affect urban areas in general. In
the upper basin the effect of unbalanced resource-
population distribution is noticeable in such areas as
Great Falls in the Upper Missouri. Billings m  the
Yellowstone. Rapid City. Dickinson. and Mandan in the
Western Dakota, and Bismarck. Aberdeen-Huron. and
Sioux Falls in the Eastern Dakota subbasins.

Lack of access is a limitation on use second only to
population distribution. Access tends to be most restric-
ted near urban areas. yet the deficiency is by no means
confined to such places. Even in the sparsely populated
Upper Missouri and Yeffowstone subbasins substantial
acreages of private lands are. for all practical purposes.
completely closed to public entry tor hunting and
tishing. Over 84 percent of the basin land is in private
and state ownership. including Indian lands held m trust
by the United States. Access to much ot this land for
fishing and hunting continues to be available but all of 1t
is subject to closure at any time. Lack of right-of-way
across privately owned land prevents access to large
blocks of public land. This condition is especially serious
in the western states but also occurs around reservoirs
and along rivers in other areas.

In addition to legal access. fishing and hunting
capacity is also limited by physical access ditficultes.
Lack of roads. trails. facilities. or proper equipment
prevent tull use of sizeable segments of the basin’s
capacity. Typicallv. lack of physical access is most
prominent in the sparsely populated and mountainous
regions and is of minor importance m comparison with
legal access difticulties.

Demand for big game and waterfowl hunting and
trout fishing tends to soon absorb the supply. e reach
capacity quickly. Utilization of these more desirable
Kinds of fishing and hunting will approach the usable
capacity much more rapidly and more closely than for
the lower quality or less satistying activities. As demands
increase and  the higher quality fishing and hunting

opportunities hecome less avatlable or degraded and less
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attractive, people will be forced to make more use of the
lower quality opportunities or quit fishing and hunting
entirely. To a significant extent, this accounts tor the
high latent demands prevalent in the lower portion of
the basin.

The nonresident who fishes or hunts outside his home
state plays a significant role in the Missouri Basin. About
one of every ten fishermen or hunters is a nonresident
(figure 42). Data are not available to permit a detailed

evaluation of movement of fishermen and hunters into
and out of the Missouri Buasin. It is assumed from good
circumstantial evidence that movement into the basin is
substantially greater than the outflow. Typically. non-
resident participants in any segment of a subbasin either
live in an adjacent state, or are from California. Missouri.
Minnesota. Texas, or Hlinois. The greatest movements
out of the basin occur from Denver and from population
centers of the Middle Missouri and Lower Missouri
subbasins.

FIGURE 42

RESIDENT AND NONRESIDENT FISHERMAN AND HUNTER USE
(PERCENTAGE BASED ON MAN-DAY USE)
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In the Yellowstone Subbasin, almost half of the
fishermen are nonresidents, and in the Upper Missouri
about 14 percent are nonresidents. These subbasins,
along witl, the Black Hills of the Western Dakota and
segments of the Platte-Niobrara and Lower Missouri are
very important nationwide as summer recreation areas.
For exampie, an estimated 180.000 fishermen from
every State in the Union make use of Yellowstone
Naiional Park fishing waters cach year. Glacier and
Rocky Mountain National Parks also account for large
numbers of nonresident  fishermen. In the Lower
Missouri Subbasin  large numbers of fishermen from
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llinois and other areas outside the Missouri Basin travel
to the Ozarks for recreation.

The Yellowstone, Upper Missouri. Western Dakota.
Eastern Dakota. and Platte-Niobrara subbasins accom-
modate very substantial numbers of nonresident hunters
who are limited only by the capacity of the resources to
provide hunting and the attendant necessity to restrict
license sales for several species. The Yellowstone and
Western Dakota subbasins attract  big-game  hunters
nationwide for deer and antelope. Upland game hunting.
particularly for pheasants, is the attraction in the
Eastern Dakota and Platte-Niobrara. The Upper Missouri




is well known for a wide variety of high quality big-game
hunting: however. only 5 percent of the hunters are
nonresidents. Responsibility tor this small percentage
includes distance from population centers. but just as
important are the restrictive regulations on nonresident
hunting.

Nonresident hunting will probably not increase to
any extent in the future. Although demand tor hunting
in general. and the more desirable types in particular will
continue to grow, the latter increasingly will be reserved
for residents. Restrictions on nonresident hunters are
bound to increase unless very fundamental changes
occur in the attitudes of resident hunters which will
intfluence legislatures and state management programs.
This secems unlikely.

In the future. demands of nonresidents ftor fishing
will increase substantially, especially in the mountainous
upper reaches of the basin. This region has the capacity
to satisfy very large demands for high quality fishing.
but careful maintenance of this “high quality™ capacity
will be required i these demands are to continue to be
met in the Missouri Basin (figure 43).

FIGURE 43
DEMAND FOR HUNTING AND FISHING
AS RELATED TO THE PRESENT AND FUTURE SUPPLY
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Commercial Fish

Estimates of present and future commercial demand
for treshwater fish within the Missouri Basin are based

primarily on nationwide trends in the use of such
products for human tood and for industrial purposes
(table 114). Basic assumptions are made that: (1)
elements of demand projections valid nationwide are
also valid for the Missouri Basin: and (2) disregarding
fish from the Great Lakes. freshwater fish consumption
represents 1.5 percent of total U. S. production. The
latter relationship is assumed to be constant for the

study period

Table 114 — PROJECTED DEMAND FOR
FRESHWATER FISHERY PRODUCTS
WITHIN THE MISSOURI BASIN'

Year
; [ | |
Subbasin 1960 | 1980 2000 2020
| 1
(1.000 Pounds)
Upper Missourt 123 193 | 318 ERE
Yellowstone 112 184 | 332 S18
Western Dakota 125 187 312 459
Fastern Dakota 279 407 | 671 979
Platte-Niobrara 688 1.397 2.760 4718
Middle Missouri 662 973 1.596 2316
Kansas 375 555 913 1.310
Lower Missouri 928 1.566 2.760 4.299
Missouri Basin 3.292 5462 | 9.662 | 15.047

I'hoes not include demand for fish produced live for the
bait-minnow and fee pond industries

As suggested by the national trends. the increasing
demands for the future are a reflection of an increasing
population and of increasing per capita consumption of
fishery products. The estimated demands do not neces-
sarily reflect demands tor fishery products produced
within the basin: rather. they retlect demands to be
filled by a combination of in-basin production and
imports.

Most of the commercial type of fish produced in the
Missouri Basin in 1965 was shipped to wholesale tood
markets outside the basin: while most of the in-basin
type of fish demand was filled by imports. Therefore.
while future demand for the basin has been estimated.
there is no good method of estimating the role of
in-basin production in filling basin demand. It is assumed
that some part of the future increase in basin demand
will be filled by increasing in-basin production: however.
in-basin demand cannot be expected to provide much
impetus for development of the Missourt Basin com-
mercial fishery. Production in 1965 was about S million
pounds. As seen in the table. total basin demand
estimated for 1980 barely exceeds the 1965 production
figure, and even in the vear 2020 total demand will be
less than three times current production. Since 1963
production was only about 5 percent ot the basin
capacity, it is clear that any stimulation of tull develop-
ment of the basin’s commercial fishery must come tfrom
outside markets.

In turn. export market demand will be more in




fluenced by nationwide marketing and technological
developments rather than those of regional or busin

scope. Accelerition of programs to overcome existing
marketing and technological constraints could result in
an increase of demand for commercial fish greater than
indicated in these projections. The future of commercial
fishery production in the Missouri Basin theretore will
be closely related to these outside developments and to
the industry’s ability to participate and compete in
export markets.

There is a large existing demand in the United States
for industrial fishery products. primarily for use in the
poultry and other animal feed industries. Presently this
demand is being supplied principally by foreign sources.
Although development of fish-meal plants poses no
insurmountable technological problems. none of the
basin’s fishing companies finds it economically teasible
to supply sufficient quantities of fish at a competitive
price for large scale fish-meul plant production. Unless
these limitations are overcome. there is no large scale
development of an industrial fishery foreseen in the
Missouri Basin. at least before the year 2000.

Two additional aspects of commercial fishing in the
Missouri Basin are important. First is the stable but
relatively small market in the basin for rough fish.
primarily carp. which are processed for mink food and
canned pet food. This demand is presently filled
primarily by existing in-basin production and is not
expected to increase significantly. Second is the demand
for pond-propagated minnows and fish used in the bait
and fee-pond fishing industries. The in-basin demands in
table 114 do not reflect this use. nor does the 1965
commercial fish production of about S million pounds
include pond fish produced for this purpose. Existing
information does permit quantifying fee fishing basin-
wide. but it is expected that it will grow significantly.
corresponding to sport fishing as a whole.

Fur Animals

Trapping has provided substantial income to the rural
economy, but in recent years there has been a steadily
declining interest. due principally 1o Jow fur prices. Yet,
trapping is still popular in some areas (table T12).

Generally.  fur animals are  significantly under-
harvested. The economic situation and the supply of
animals both have been depressing influences on com-
mercial trapping.  Several factors are recognized as
influencing demands for wild fur. These include: (1) the
extent and efficiency of commercial fur farms: (2) the
development of synthetic replacements: and (3) the
fashion whims of the public. Since “fashion™ is perhaps
the most dominating aspect of fur demand. meaningful
of  wild fur demands are

projections obviously

impossible.
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In addition to the commercial aspects of demand. a
significant  recreation  demand  for fur
“hobby™ trappers exists. However. trends suggest that

animals by

interest in trapping as a form of outdoor recreation will
continue to decrease.

Several species. notably fox. raccoon, coyote. bobeat.
and jackrabbit, are assuming more importance for thein
hunting values and less for trapping. As demand for
outdoor recreation increases. these species will be relied
upon to make up some of the shortages. Overall demand
for such antmals will probably not increase to any
extent.

LAND NEEDS, WATER NEEDS,
AND PROBLEMS

The more significant fish and wildhie problems.
whether physical. fegal. or institutional. mclude: (1)
poor distribution of fishing and hunting demand relative
to the supply: (2) legal and physical restrictions on
public access: (3) loss of game habitat assoctated with
land use: (4) lagging ability of fish and game use to
compete with other economic uses: (3) water pollution
and siltation. stream channelization. and dewatering: (6)
the lack of, or inadequate. legal status of water used to
benefit fish and wildlite: (7) legal restramts on use ot

some species: (8) depleted populations in some aredas (V)

undeveloped commercial fishery: and (10) failure of the
economic system to adequately reflect fish and wildlite
values. Many of these problems cannot be fully resolved:
however, much can be done to offset or mmimize them.

Overall hunting demand about equaled supply
1960. while fishing demand will not reach capacity untl
about 1990 (figure 43). As a practical matter. this
oversimplification. while 1t makes an impressive ilfustra-
tion. is misleading because of the maldistribution ot the
supply relative to the demand. Access limitations are
also a major adverse tactor. In the upper basin. where
the amount of available hunting and fishing signiticantly
exceeds demand. resources not only are capable ot
providing continuing good hunting and  fishimg for
residents. but have the potential. at least tor tishing. to
absorb large segments of nonresident demand through an
expanding tourist industry. This will oftset m some
measure  (expecially  tor the higher quality aspects)
shortages of fishing and other outdoor recreation mn
other parts of the Nation. This trend s to be
encouraged.

The overall supply-demand picture should not be
permitted to obscure the fact that in much ot the fTower
and eastern parts of the basin, hunting and fishig
demands already exceed supplies. In that part of the
basin. especially  within - close  proximity  to - heavily
populated areas. extensive development of the resource
base will be necessary it significant portions of expand
ing demands are to be met. The major opportunity for




increasing fishing lies in the construction and use of
small reservours. Generally. single-purpose fishing lakes
of 100 to 300 acres. located within easy range of
population centers. will best serve the need. Such lukes
can be efficiently managed for maximum production.
fishing quality, and public use. Multipurpose reservoirs
also offer opportunities. Planning ot such impoundments
must be fully coordinated among concerned agencies to
insure that fishery enhancement features are adequately
considered n project formulation

Only a limited number of resource development
potentials exist for increasing hunting near the mujor
population centers.  Preservation. enhancement. o
development of wildlite habitat in conjunction with
urban-related development should receive a high priority
in planning. In the Lower Missouri Subbasin. where

demand is especially great. development ot the Missourt

River with maximum emphasis on wildlife related
recreation has an outstanding potential

While there will be much less need for fish and
wildlite development in the upper basin to supply
resident demand. considerable development will never-
theless be required. In many local situations. wildhite
management areas and reservoirs to supply hunting and
fishing will be needed. particularly in the Black Hills and

on the plains near several smaller metropolitan areas.

Overgrazing is a basinwide problem, affecting not only
the associated wildlife habitat but also water runoft and
quality downstream.

T'he Missouri Basin contributes very significantly to
waterfowl production: therefore. perpetuation and use
of this resource both within and without the basm is
heavily dependent on habitat within the basin. As a
national need. waterfowl preservation and enhancement
should have a hagh prionty

Meeting the growing need for assured public access
for hunting and fishing is highly important i these

activities

re Lo SUrvVIve as mass recreational [HII\HI]* The

existence of g fine smallmouth bass stream in the Ozarks

or heavy pheasant populations on Dakota farms is of
small tangible value to sportsmen it little or no use can
be made of the resources. At present. private ownership
of lands. particularly as farms and ranches. denies

ettective use of |.|:_ur segments ol the game s A;';‘J:\ Just
as private ownership of many thoussnds ot acres of

impounded waters und of land along streams results in

exclusion ot public fishing. Public use of these resources

is permissive by owners: a prerogative that certainly . ir
Most  case should not b ‘riheless. a
deliberate oordinated etfort to provide and improve
public acce to fish and wildlife resources associated
with private lands 1s necessary. as is a4 corollary eftort 1
Improv th Hitud " POTIsImne: CeRImg Is¢ ol

these resources

High quality wetlands form the backbone of duck
production and afford valuable habitat for fur animals.
Drainage and filling of marshland has reduced waterfowl!
habitat.

Landowner and recreationist education is important.

but there is an accelerating need for public acquisition of
legal access through fee purchase. or negotiated lease.
and casement rights on privately owned lands and
waters. Acquiring land for public hunting and fishing.
never a particularly popular idea in most of the basin.
often is prohibitive because of the high cost

Despite this. many fishing access sites should be
acquired outright. Recent trends suggest that vastly
increased  profit incentives  to  landowners  through
development of fee hunting and fishing or through tax
relief and other meaningful measures hold considerable
promise of mcreasing access to huntig and tishing areas

Where water and related land resource development
involves public funds. increased attention to the develop
ment and cenhancement of fishing and hunting is otten
needed. In some areas, physical access to existing public
land and waters is inadequate. notably m mountamous
arcas and around many large multipurpose reservorrs
More and better roads will be required mm the tuture

Access. physical or otherwise. to pubhicly  controlled

areas tor hunting and fishing should be unlimited except




the

to the extent actually needed to be consistent

purposes tot which the arcas are managed (1., tumbes
production. livestock production. flood control. powel

nroduction. water production, wilderness preservation
or fish and wildlife management). In many INCS.
wdditional or improved facilities of publicly owned areas

could easily be justitied on the basis ot tugh

demand. High demand levels will

m the future

CAP FARM
PUBLIC ACCESS

The Department of Agriculture’s Cropland Adjustment
Program. recently established on a limited basis. is a step
toward resolving access problems and stabilizing high
quality habitat.

tmproper land use results in increased runoft and sedimentation of downstream waters. If stabilized and
from overgrazmg. this landscape could eventually support excellent wildlite cover

d ishing opportunities i
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that the conversion proved to be economically marginal

and  later was  discontinued. Many widlite losses
resulting trom conversion to marginal cropland would
not occur it landowners were able to cipture the
economic and environmental benetits mportant to and
enjoved by society. As the general public's interest
the total environment broadens. there are imcreasing
pressures for the use of multiple yudgments in the use of
land so as to further consider the values of natural areas
and wildlife resources. Ways and means must be found
LO prov ide an L'Llll”ilhlk' distribution of the costs of such
programs between the landowners and society. This 15
necessary it fish and wildlite. natural beauty. environ
mental quality, and all other socially desirable and
intrinsically valued uses are to be made a part of
multiobjective decision-making  process.  Suchi action

would conserve the use of our scarce natural resources i

such a way as to maximize social benetits to the public

The trampled and unvegetated shoreline of this an-
protected stock pond reduces the value to wildlife and
shortens the pond’s useful life.

" o

A well-protected stock pond on a National Grassland
Note watering gap for livestock. An accelerated program
like this for both private and public lands would be
extremely valuable to wildlife. especially waterfowl.

One of the costhiest aspects ot land conversion. frol

the wildhte stand it s the loss ot natural wetl

to counter the loss include the Federal retuge syst
State wildlite management area development d wet
lands acquisition and  preservation,  Preservation
x!k'\x'i*‘i'\ll‘\'”[ [‘J s '\1\\' creatio | HeW Wetiand i
currently sponsored by the varous St Federa
|i‘\AI]:_’“‘-L'HIHK'HIJ(‘,l»;';:wl\\.l ¢ CONDIMUINE nee

Level ditching, a cost-shared ACP practice. has vastly
improved the production capabilities of this marsh
without affecting the water table or mcreasing flood
threats in the watershed. About 40 ducks were on the
water when this photo was taken
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Bottomland timber removal and wildlife habitat losses
increase steadily as flood threats are reduced by up-
stream dams, fevees, and similar structures.

Rangeland erosion degrades land value for livestock and
wildlife contributes sediment loads into valuable fishing
streams and reservoirs, and depreciates the beauty of the

landscape

The land base available to wildlife in the basin
continues to be depleted by urban expansion. airports.
industrial and military installations. highway and road
construction, strip mining, and a variety of other land
occupations. On the positive side, highway construction
and strip mining accomplished with adequate considera
tion of wildlife often reduce habitat damages and
some cases  offer excellent  opportunities  tor
enhancement

Intensive agricultural practices, along with land abuse
contribute substantially to habitat degradation. Corre
tion of overgrazing. erosion. and siltation resulting trom

unfavorable land use practices should be accelerated on

both public and private lands. About 123 nullion
acres of private land in the basin fassitied  as
fvpes Vo through VHIE (cropland and rangelands) ac
cording to the Conservation Needs Inventory of 1958
These lands are not suited ftor cultivation About 4

percent is not suited tor grazing. Some o

wWation and are o nirtbuting source of

sutfenng deg

stit loads of nearby streams. Those as which are best

sutted tor wildhite should be pre

that use

Erosion from irrigation waste water often degrades
downstream fisheries. Silt. warmed waters. and assorted
agricultural wastes are damaging influences

Pollution of surtace waters from a wide variety of

sources 1s a particular threat to fishing. Water quality

o~

Partiallyv treated orgamic materials, heavy nutrient loads,
and  assorted  wastes resistant to standard  treatment
|l‘\|HlIt|l|1‘\ comhbine to degrade the stream below this
outfall from a sewage treatment plant




standards sufficient to preserve valuable fisheries have
been adopted and must be eftectively implemented.
Broad standards appled over large geographical areas.
with little regard to varying ecological conditions. often
will prove inadequate. To protect desirable sport
fisheries. standards must be designed to meet the specific
tolerances of the ecological unit. often perhaps a single
body of water or reach of stream. Standards must be
inclusive enough to cover the wide array of potential
depreciating influences. including the more obscure
menaces such as pesticides and increased nutrients in
runoft waters from chemical fertilizers and feedlots.
Threatened increases in turbidities and siltation must be

controlled.

L
{

i &

Dewatered streams for irrigation and other needs
support few fish.

Constant vigilance against newly developing threats is
essential. For example. much of eastern Montana and
Wyoming, along with the northern part of North
Dakota. are underlain with extensive lignite deposits.
More tavorable economic conditions in the future may
bring about large scale mining of this resource. It so. a
threat to fishing waters might develop through concen-
trated development of thermal-electric generation plants
along the Missouri River and several tributaries. Heated
cooling-water discharges from these plants. as well as
from similar tossil fuel or trom thermo-nuclear plants in
various places in the basin. are capable of seriously
altering downstream aquatic environment. Provisions 1o
assure maintenance of suitable water quality for fish and
other aguatic organisms must be included from the time
of the carliest planning efforts if optimum results are to
be attained.

Physical loss of tishery habitat through road building.
channeling ot streams. and other activities. must be
watched vigilantly. with  maximum  effort given o
measures that will reduce or compensate tor the tosses
The only alternative is a continuing and accelerating
reduction in fishing waters. particularly of the already

limited stream and natural lake resources

Interrelated with the need to protect fishery re-
sources is the need to restore. within practical fimits,
those waters where degradation has already occurred
Pollution abatement. reduction  of  sedimentation.
restoration and  maintenance of  adequate  nunimuim
stream {lows, and several measures of more limited
application are usually within technological imits. Tmpli
cations of this problem go far beyond the need tor
fishing: benefits derived from restoration of clean water.
for example. accrue to large segments of society. These
benefits contrast sharply with the short range dadvan
tages. olten to \pcc!;ll interests. at the soctal cost of 4
deterioration of water quality often associated as
by-product of “development™

A primary fish and wildlite need. related to habitat
protection and restoration, is that of establishing m each
state a legal basis for the use of water for fish und
wildlife. In many parts of the Missouri Basin. at present.
natural stream flows or impounded waters stored tar tish
and wildlite purposes can be easily and legally diverted
to other uses. For example. such waters released through
dams to sustain fish during drought periods or supply
water for downstream wildlife management often are
legally diverted from the stream by irrigators or other
users having recognized fegal nghts. Legistation and
policy changes are needed it this condition is to be
overcome. It is one that threatens to become ever more

acute in water-short regions

Well-developed habitat plantings are important to wild-
life and enhance soil and water conservation.

Paradoxically . while use of the game resource exceeds
recognized capacity m many aredas. a signiticant portion
of the capacity in these same areas is not legally available
to the hunter. Mourning dove hunting. for example. 1f
legalized everywhere. would provide many thousands ot
additional man-davs of hunting. The commercial fishing
potential. represented by impressive arcas of productive
habitat well stocked with many fish species. is tor all

practical purposes. unused




A very substantial portion of wildlife resources in the basin is supported by valuable bottomland along meandering
streams. Such habitat should be preserved. Streamside vegetation is also important to fisheries by shading the water,

providing cover, and reducing sedimentation.

At the other extreme. big game is scarce to non-
existent on much high quality habitat. especially on
Indian reservations. More rigid protection and en-
lightened management are needed to restore and main-
tain productive populations. The needs for developing
fish and wildlife management plans, with particula
emphasis on harvesting regulations on Indian reserva-
tions. are gaining the recognition and cooperation of the
various tribes. The problem of jurisdiction on Indian
reservations containing both Indian trust and non-Indian
owned fee lands necessitates the cooperation and coordi-
nation of the respective State Fish and Game Depart-
ments to develop workable regulations. This cooperation
needs to be L'\P.”Hl&‘\! Lo [»Il‘\l\lt‘ tol plll\ll( ACCeSS dCross
Indian lands to public hunting and fishing i many areas
ot the Missourt Basin

It is difficult to quantity the true value of fish and
wildlife to man. Aside from the obvious importance in
providing hunting and fishing recreation, these resources
are valuable to the birdwatcher, photographer, vaca
tioner and sightseer, scientist, historian, armchair reader.
student. and those who simply love the out-of-doors and
the creatures that live there. To date. no adequate

systemn has been devised to measure the worth of these
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resources in terms which can be compared with other

human values.

Some of the major land and water requirements ot
fish and wildlite identifiable within reasonable [imits are
shown in table 115. The entries represent summatized
requirements  tfrom single-purpose development oppor-
tunities or potentials, as identified during the course of
this study. The mventory of these potentials 1s not
U'H!plL‘IL' nor does the table reflect land and water
requirements that may be added m planning tuture
multipurpose  water resource  developments.  Not
included are estimates of fand and water resources which
will be needed to mitigate future wildlite losses resulting
from habitat mundation.  channelization  and  other
measures,  and  resources  needed  to realize  wildlite
enhancement opportunities related to water resource
development. Realization ot all fish and wildlite develop
ments covered intable T1S would very  significantly
enhance fish and wildlife resources, but the total needs

tor the Missourt Basin as a whole would not be me

ALl inalll the future outlook to maintain an adequate
basinwide tatio of supply to demand tor fishing is good

For wildlite. the prospects are good tor the next 10 o




15 years. But, by 2000, the ratio will be ditficult to unless basin residents do some aggressive planning during
maintain for fishing and almost impossible for wildlife the next 20 years

Table 115 — IDENTIFIED LAND AND WATER NEEDS FOR FISH AND WILDLIFE'
MISSOURI BASIN

§ Identified Needs
Category | Land and or Water All Subbasins
(Acres or Stream Miles)

Private Land Habitat Enhancement Both 9.086.0002
Public Land Habitat Enhancement Both 2.515.0003
High Quahity Upland Habitat Preservation 1 and 35.000
High Quality Wetland Habitat Preservation Land 263,000

Water 1.066.0004
Wildlife Habitat Development Land 1.824.000

Water 295,000
Access for Fishing Land 49 0003
Reservoir Construction (Single-Purpose)© Land 47000

Water | 23.000
Dewatered Stream Restoration” Witer 4.620
Polluted Stream Restoration® Water 24100

l! and and water acreages shown would be acquired by public agencies. i fee or by Jease. except as otherwise noted
=Land would remain in private ownership, but a primary use would be for wildlife enhancement
3 Acreage represents only a fraction of public lands where increased emphasis should be given to wildhife managzement
'f()nl\ 256,000 of these acres are to be acquired in fee. The remamnder consists of easements providing for presenvation.
20nly 6,680 acres need to be acquired in fee: casements for fishing on remainder.
ONone in Upper Missouri or Yellowstone subbasins.
Stream mileage dewatered for irrigation or other requirements. Dependable minimum  flows
fisheries.
SStream mileage polluted. to varving extent, by industrial, municipal. and agricultural wastes where abatement could  result in
needed sport fishing restoration.

are desirable to support stream




Canvon Ferry Reservoir Boating Marina Near Helena, Montana.




From the sculptured mountains and alpine lakes of
Glacter National Park to the densely wooded hills and
meandering streams of the Ozark Platcaus, the Missouri
Basin offers a myriad of varying scenes and oppor-
tunities to the recreationist. Some of the best known
recreation areas in the United States are situated within
the 519000 square-mile basin. including Yellowstone.
Glacier. and Rocky Mountain National Parks. the Black
Hills region, Custer Battlefield National Monument. and
Lake of the Ozarks. The basin contains several nationally
known streams and rivers and a number of very
important and sizeable lakes. including a chain of six
large Corps of Engineers reservoirs on the upper and
middle reaches of the Missouri River that account for
more than a million surface-acres of water. But most of
the water resources of the basin are not especially well

known to nonresidents.'

Rocky Mountain National Park, in a particularly
beautiful and rugged portion of the Rocky Mountains, is
one of the best known recreation areas in the Missouri

B

I'he basin’s recreation resources fall into three major
geographic and climatic types. namely: the Rocky
Mountains and Black Hills region. the plains and prairies.

INonresident recreationists are those living outside the sub
region i which they recreate, regardless of whether they
live within or outside the Missouri Basin.

CHAPTER 6

OUTDOOR RECREATION

and the Ozark Plateaus of southern Missouri. The plains
and prairies are found in every basin state and constitute
the preponderance of the total land. While the Rocky
Mountain, Black Hills. and Ozarks regions have long been
known as summer play and vacation target areas. the
plains country has been better known for its corn and
wheat fields. cattle ranching. and vast open spaces
National attention to the recreation resources of the
Great Plains  has been largely lacking. However. this
pattern is beginning to change with development ot
more and better opportunities, fucilities. and promo-
tional activities. In addition. crowding at some ot the
more popular national and regional attractions is begin-
ning to turn recreationists to natural. historic. archae-
ologic. and water attractions tound in plains recreation
arcas. This chapter deals with outdoor recreation
associated  with land and water resources. Although
emphasis has been placed on water related activities.
needs, and problems. the analysis includes estimates of
the land and water needs for all outdoor recreation
endeavors except hunting and fishing. Land and water
requirements specifically for hunting and fishing are
treated in Chapter S, “Fish and Wildlite.™

EXISTING RECREATION RESOURCES
AND USES

Resources and Developments

Outdoor recreation resources in the Missourt Basin
have been classified as scenic, historic. and natural
(type 1):  land-oriented  (type 11):  or  water-oniented
(type ). Summarized information on  recreation
acreages. developments. and uses by types is presented in
tables 116, 117, and 118, The recreation area location
pattern can be seen in plates 6 and 7.

In total, 139 Type Fareas. 3.091 Type Il arcas. and
1.964 Type I areas were inventoried. No tally was
made of the number of private recreation areas. but the
private sector has been estimated to account tor well
over 800.000 acres of land and water. The above figures
include a combination ot arcas ot greatly varving size
and type. For example. a two-acre roadside park and

183




Table 116 — TYPE | (HISTORIC, SCENIC, AND NATURAL) RECREATION AREA INVENTCRY SUMMARY,
MISSOURI BASIN

Number of Areas: 139
Acres
Land 3,042,229

Marsh 12.200
Water 124,694

TOTAL 79123

Activities (by popularity rank)

Driving and sightsecing |
Picnicking 2
3

Camping

Developments

Developed Acreage ! 6.5%2
Percentage of Acreage Developed 0.22
3
Annual Visitation = 11.773.000

I Developed™ land is land occupied with or immediately adjacent to recreation facilities or substantially modified from a
natural condition for recreation purposes. Other recreation Lind area is considered to be “undeveloped .

2Total shown is that for available recent visitation data only. Actual current use is believed to be significantly higher than
11.773.000 annual visits.

Table 117 — TYPE Il (LAND-ORIENTED) RECREATION AREA INVENTORY SUMMARY, MISSOURI BASIN

| | | State | State Fishing | " Natonal
Parks and Hunting Wildiife National RBureau of
State and Areas and State Refuges Forests Land Miscellancous
Local Parks Recreation Fish Forest and Fish Indian and Management Federal Private
Item Parks (Roadude) Areas Hatcheries Lands Hatcheries Reservations Grasstands Lands. Lands Sector Total
AREAS AND ACREAGES
Areas INo.) 2193 493 10 s P 3 N
Land (Acres) 65655 2816 11974 3 1252 2166 6849 058 3.309 4 i s 356,610
Marsh (Acres) 6 25 1319 P
Water (Acres) 1108 1K P 926 ) <4 -
Total (Actess 65764 2816 32,117 43008 st 85K 1 5
ACTIVITIES
1By Popularits Ranking)
§ Sightseeing s
3 ‘

) i 7

1 4
Nature Stud 4 P s
Hunting i s
Camping 6 s
Hiking and Walking P .
Plasing Games & Spoits 1 9 v
DEVELOPMENTS
Deseloped Acreage < 629 200 a

of Area Intensively Developed 45 b I
VISITATION
b 1k
196165 96 1t 963416 1964 66 an 36 Jande s o¢

Table 118 — TYPE IIl (WATER-ORIENTED) RECREATION AREA INVENTORY SUMMARY, MISSOURI BASIN

State Fishing
State Parks  and Hunting
and Areas and State National Federal

Local Recreation Fish Parks Wildlife Reservors Induan Management Private
trem Parks Areas Hatchenes (Roadsde) Refuges Netr® Reservations Lands Sevtor toul
AREAS AND ACKEAGES
Areas (No 1 12 8% 776 w! 13 < N A "
Fand (Acr > 148 210 286,011 b | 402,508 352 036 26 e " 2 6
Marsh (Acres) 1081 10,240 3594 2.0 7 146 4N
Water (Actes) 148 179 s 4 a
Total (Acrest 463 08 X4 24N a9 . . 1 . 4
ACTIVITIES
(By Popularity Ranking)
Driving and Sightseeing . s
Swimming 2 ‘ -
Water Skiing s
' ‘
'
1
T Sport '
DEVFLOPMENTS
Developed Acrvage s s '
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VISITATION
Annuat Rereation Vists Reparted
nt ands o 924 ot ‘ A N A
Fatest Yearoor Avalable or U wed %9
ieles 120308 130064 "s 4y bt Rr "
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two million-acre Yellowstone National Park have both
been ventoried as individual recreation areas. Large
Federal and State areas. notably national forests and
national parks, contain many recreation “sites’ as large
or larger than many mdividual recreation areas. If all
identifiable recreation sites and separate developments
were counted, the total number would undoubtedly
exceed 10.000. It is also important to recognize that
many large and basically land-oriented areas. such as
national  forests and  Indian  reservations. contain a
number of water-oriented enclaves and sites. To some
extent. the reverse situation is also true, but Type Il
sites within Type Il areas predominate and distort
statistical comparisons slightly. Recreation lands com-
prise 15.2 percent of the total basin.

Four national parks. nine national monuments. and
five other National Park  Service-administered areas.
including several national memorial parks. comprise 97
percent of the Type | acreage. The large Yellowstone.
Glacier, and Rocky Mountain National Parks account tor
the bulk of this category. The magnificent scenery,
wildlife and other unique natural features of these parks
attract visitors from many distant places. Other natural.
historic. and scenic recreation areas include Custer State
Park in South Dakota. Chumney Rock National Historie
Site in Nebraska. and a number of public and private
historic and archacologic monuments. parks. national
landmarks. and shrines at both designated and undesig-
nated sites. Although the 139 Type | areas comprise
only 6 percent of the total recreation fands and waters
and 4 percent of the total developed land (see figure 44).
they include some of the most unique. nteresting. and
popular recreation attractions in the basin and sustain
heavy total visitation, Smaller Type I areas are found
throughout the Missouri Basin: however, the largest and
most significant scenic and natural of these are situated

in the western portion. Historical parks and  sites

predominate in the eastern halt of the basin.

Badlands National Monument is one of the excellent
natural recreation areas found in the Missouri Basin.

Some of the finest and more extensive natural
environment areas in the Nation are found within Type |
and Il inventoried locations in the Missouri Basin. The
best and most primitive of these are either now classified
as true wilderness or will be studied for inclusion in the
Nation’s Wilderness System. Most. if not all. are in
pristine condition and will no doubt be designated as
wilderness. Eight existing wildernesses within the basin
are located in Montana, Wyoming, and Colerado. and
comprise a rugged 1.558.000 acres of land.? Six primi-
tive areas. all situated within national forests as are
wildernesses, are candidates for the wilderness system,
three of which are in Montana and three in Wyoming.
The 183.000-acre Wind River Mountains Roadless Area.
situated within the Wind River Indian Reservation in
Wyoming. will also be studied for wilderness designation.

Although not specially designated. approximately
2.037.000 acres of land within Yellowstone. Glacier. and
Rocky Mountain National Parks carry sufficient wilder-
ness value to be officially identified and added to the
wilderness system. All told. nearly 4.5 million acres of
land and water have been specifically designated in the
wilderness-type category and are now receiving wilder-
ness preservation protection. Some of the finest horse-
back riding. fishing. and nature study experiences
available anywhere can be enjoyed in these scenic Rocky
Mountains, and the importance and use of basin
wilderness-type lands are increasing steadily.

The bulk of the basin’s recreation land is considered
to be Type . or basically fand-orierited. More than
41 million acres of Type 1l land. excluding farm and
ranch lands used m an extensive manner for hunting and
fishing. have been mventoried as possessing signiticant

recreation value. Only one-quarter percent of this is

FIGURE 44
PORTIONS OF TOTAL RECREATION LANDS AND WATERS
REPRESENTED BY TYPE I, II, AND IIT AREAS

es——

AWilderness type areas outside of nattional parks and monu
ments were not specifically amventonied e the Type |
category . AN so-called “wilderness areas™ and “wald areas’
ire now cafted wildernesses. AN tocations possessing sieateti
cant wilderness values and  that are moor candidates tor
inclusion e the wilderness system have been collectively
termed Cwilderness ty pe arcas’




T T

2iig

o T e o S et o

b

The Bob Marshall Wilderness in northern Montana. the largest such area in the basin.
provides outstanding back-country experiences

FIGURE 45
RECREATION LANDS IN WILDERNESS-TYPE AREAS
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actually l(k'\\'l“[‘k"l |‘L‘\[‘|l\‘ the fact that land-onented
recreation areas include large blocks  of extensive
national forest, public domain, and other multiple-use
lands. they support nearly as much visitation and
recreation  opportunity as water-oriented areas. This
situation contrasts with that found in edstern and
southern regions of the United States where huge public
tracts of land are few. and most recreation takes place at

water-based arcas

f" | ety

Chadron State Park in western Nebraska, illustrates a
ty pical land-oriented recreation area.

National torests and grasslands with nearly 19 mullion
acres. public domain with 15 milthon acres. and Indian
reservattons with almost 7 milhion acres ot inventoried

reation lands. comprise 97.5 percent of the total
Type H Land and water. Nearly all of these sizeable units
e sttuated in the western halt of the basin. Combined
with natonal parks and monuments and the private

. these arcas will continue to accommodate the




State parks situated at Federal reservoirs typify the
water-oriented recreation areas found in the basin.
Shown in this picture is a State facility of Milford Reser-
voir in Kansas.

majority of the extensive recreation activity, such as
sightseeing. hiking. and hunting, in the western portion.
In the eastern part of the basin, smaller variously
administered and private water-oriented areas support
most of the extensive recreation activity.

Since visitation figures are incomplete. the amounts
of developed recreation lands provided by various
agencies or “administrative categories™ shown in table
117 headings provide a useful clue as to which agency or
group provides the most facilities and supports the
greatest total use. As indicated in figure 47, the private
sector. local parks. and national forests provide the

FIGURE 46
DISTRIBUTION OF TYPE {t (LAND ORIENTED)
RECREATION LANDS
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FIGURE 47
DISTRIBUTION OF TYPE Il (LAND ORIENTED)
DEVELOPED RECREATION LANDS

PRIVATE SECTOR
46 %

NATIONAL FORESTS
AND GRASSLANDS
5%

1

STATE PARKS AND RECREATION
AREAS 5.5%
OTHER DEVELOPED AREAS 2.5%

majority of the Type Il developed lands. On these lands
excellent facilities are available for a variety of ntensive
uses. National forest developed sites are an especiali
important part of the recreation scene in the westein
part of the basin. while most ot the local park
developments are found in the more populous southern
portion. In the latter. some important local recreation
developments such as Denver's Mountain Parks are
situated outside the cities. Relatively httle developed
acreage is provided in other locations. although land-
oriented State and roadside parks doreceve a sigritecart

percentage of the total visitation

I'vpe I recreation areas account tor a relatively
small part of the basin’s total recreation land. Howeves
water-oriented recreation lands contam nearly two-titths
of the total developed acreage, while they mclude o1
border on 3.3 milhion surtace acres 1 reational
waters. The Type I areas tound throughout the
Missouri  Basin support approximately | he tota
visitation. They provide the backbon it
opportunities available m all ot the
the southern portions of the basu

In general. water-oriented arcas d
require huge tracts of undeveloped or ey
do Type I areas The 113 Federal reservou | N
national wildlite refuges” are the only 1w n |
rative categories™ shown on table TIN that ntat re

than a halt-million acres of recreation Ly

These two groups which account tor just over and just

VeNational wildhife refuges dso anclude one national wild
Nife range. several nattonal fish hatchenes and other manage

ment units




under 2 million acres respectively. comprise 72 percent
of the total Type Il land and water acreage. As
indicated by figure 48, State parks and recreation areas.
State fishing and hunting areas, and private sector
developments are also important in the overall water-
oriented recreation picture.

FIGURE 48
DISTRIBUTION OF TYPE Il (WATER-ORIENTED)

RECREATION, LAND AND WATER

NATIONAL WILDLIFE
REFUGES | FEDERAL RESERVOIRS

34% 38%

The greatest concentration of recreation waters is
found in five major reservoirs on the Missouri River main
stem, in the Dakotas and northeastern Nebraska. In
total, Lakes Sakakawea, Sharpe, Francis Case. and Lewis
and Clark, and Oahe Reservoir contain 846.000 surface-
acres of water. Upriver, Fort Peck Reservoir. the
Canyon Ferry Reservoir, and several lesser impound-

ments account for another 259,000 surface-acres of

water. The Missouri River itself provides an estimated
127,000 surface-acres of recreational water valued
chiefly for boating. sightseeing, and its environmental
aspects. The upper and middle reaches of the Missouri
River have especially high aesthetic. historic. and wildlife
values.

As illustrated by figure 49, local parks, Federal
developments at Federal reservoirs, and State parks and
recreation areas provide most of the developed Type 11
land. A large number of these State and local develop-
ments, however, have been established adjacent to and
utilize the waters impounded at Bureau of Reclamation
and Corps of Engineers reservoirs. Nearly all recreation
lands and waters at Bureau of Reclamation reservoirs are
managed by State and other agencies: however. in many
cases initial facility development has been provided or
aided by the construction agency. The private sector.
which is especially important in the southeastern portion
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FIGURE 49
DISTRIBUTION OF TYPE Il (WATER-ORIENTED)
DEVELOPED RECREATION LANDS
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of the basin. also provides a significant portion of the
Type 111 developed land. State fishing and hunting areas.
national wildlife retuges and hatcheries, and Indian lands
furnish extensive water-oriented recredation opportunities
but relatively little development.

The preceding discussion has compared recreation
arcas within the “type” classification. It the comparison
were made of the overall mmportance of all areas
providing recreation. regardless ot type. the following
conclusions can be made: National torests and grass-
lands, private sector developments. local parks. and
Federal reservoirs provide the largest gross recreation
acreage, developed acres, and estimated visitation in the
basin. These would be followed by State parks and
recreation areas, and National Park Service holdings. the
latter along with local parks receiving the most intensive
use. The third group would mclude public doman
(Bureau of Land Management units) and Indian lands
The fourth group would consist of national wildlite
refuges and State fishing and hunting areas which have
been specifically established tor fish and wildhfe

purposes.

This comparison does not consider mmportant but
hard-to-analyze aesthetic values, and development poten-
tial. Public domain, Indian lands. and national wildhite
refuges provide large acreages which have major potential

for additional recreational development in the Missouri
Basin.




Sparsely developed public domain lands include a vast
amount of potentially important recreation acreage,
whereas a large portion of national forest land, as seen in
the background, provides numerous developed recrea-
tion areas.

Present Use and Demand

The available visitation figures recorded in tables 116,
117, and 118, total about 110 million: however. there
are many gaps in the individual recreation site figures
used to compile the data, especially for scenic. historic
and natural (Type 1), and land-oriented (Type II) cate-
gories. The total number of visits to Missouri Basin
recreation areas in 1965 was estimated to have been
approximately 200 million.

North Central region participation rates for various
activities were obtained from the 1960-61 studies of the
Outdoor Recreation Resources Review Commission and
applied to subregion population projections. Factors
were used in the calculations that took into account the
influence of income. place of residence. and future
increases in leisure time and mobility. The resulting
calculated figures are termed “demands”. Demands, as
presented in table 119, are expressed in “activity-days™
(an individual’s participation in one recreation activity
during any part of a day) and totals are shown in
“recreation days’ (an average day of recreation for an
individual, considered normally to be 2.5 activity-days).
Demands are also calculated and listed separately for
resident and nonresident recreationists.®

Demands have been calculated for the 10 activities
most commonly associated with water. The activities
considered are swimming. boating, water skiing. picnick-
ing. camping. sightseeing, nature walks. hiking, fishing,
and hunting. As can be seen in table 119, the first
eight activities accounted for total 1965 basin demands

SeResident™ demand within a particular subregion includes an
estimate of that originating from SMSA’s (Standard Metro
politan Statistical Areas) within 150 miles of the subregion
(or basin) boundary .

Table 119 — 1965 OUTDOOR RECREATION
DEMANDS, MISSOURI BASIN

[ Activity-Days in Thousands

Activity Rank | Resident | Nonresident” j} Total
Swimming 2 35,246 17.260 52.506
Boating 6 15,707 5.705 21412
Water Skiing 10 1,443 57§ 2018
Picnicking 3 27,689 13.922 41611
Camping 8 4.969 7.538 12,507
Sightseeing 1 55465 68.032 123.497
Nature Walks 4 16,687 12,276 28963
Hiking 9 2,078 1.372 3450
TOTALS! 159.284 126.680 285.964
Other major recreation activities (as taken from data in the
chapter on Fish and Wildlife.)

———

Hunting? 7 15.751 1.056 16.807
Fishing2 s 26.373 1804 | 28177

IRecreation-day figures for total Resident, Nonresident and
Fotal Demand are, 63.714, 50,672, and 114,386 respectively
Based on 2.5 activities per average day of recreation.

=Figures considered to be applicable for 1960-65 period.

“Nonresident figures presented here are totals from those
compiled separately for the eight Missouri Basin subregions
Nonresidents of individual subregions, who may be basin
residents, are counted as nonresidents. It is estimated that an
average of one in four nonresident recreationists in cach
subregion is a resident of another part of the basin. Based on
this assumption, the actual Missouri Basin resident/non-
resident demand ratio is 67/33 (190,964.000/95,000,000
activity-days).

amounting to 286 million activity-days or 114 million
recreation-days. Fishing and hunting. studied separately.
added another 45 million activity-days.® The resulting
331 million activity-days total should not be considered
as the sum total of all the 1965 recreation activity in the
basin, as no calculations were made of the demands for
such activities as playing games and sports. skiing. and
ice skating. A number of these “other™ activities.
however, have been treated in a general way: in studies of
the eight Missouri Basin Planning subregions.

Figure 50 supplements the data in table 119 by
providing a comprehensive breakdown of 1965 rec-
reation uses and activities by subregions. All uses
so broken out are given in percentage terms to help
show in one overall view which subregions and activities
are the most popular. Additional information on this
subject is  presented under  Projected  Recreation
Demands as well as in the material immediately
following.

Nonresidents exert a very strong impact on basin
recreation. Approximately 39 percent of the total
demand (including fishing and hunting) can be attri-
buted to nonresidents of Missouri Basin subregions in

OThe Fish and Wildlife Chapter of this appendix treats fishing
and hunting m detail. Demand figures have been extracted
from that chapter and repeated here to provide a total
recreation  presentation: however, the figures have been
counted only once in arriving at total demands and needs for
the basin.




which the demand is expressed and the use occurs. Since
a number of nonresidents in each subregion actually live
elsewhere in the basin. the percentage of nonresident
demand for the basin as a whole is less than 39 percent.
Taking a basinwide view, approximately 67 percent of
the demand can be credited to residents and “‘nearby
nonresidents™ (those living in metropolitan centers
within 150 miles) of the basin. while 33 percent can be
attributed to nonresidents. mostly tourists.

As is true for much of the Nation. well over 90
percent of the nonresident recreation use occurs
between May and late September, with the peak period
between June 15 and August 25. The major vacation
destination areas in the Missouri Basin are the Black

Golfing is one of the more popular “other™ recreation Hills. Ozarks, and Rocky Mountains. The presence of
activities for which demand has not been calculated.

FIGURE 50
1965 RECREATION DEMANDS
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such scenic and natural areas as Glacier and Yellowstone

National Parks accounts for nonresidents who create 70
to 75 percent ol the demand in the Yellowstone and
Upper Missourt subregions. Even though most eastern
and southern parts of the basin are not known as
vacation areas. they are crossed by major travel routes
carrying vacationists from eastern and Great Lakes’
population centers. As a result, all Missourt Basin
subregions enjoy the benefits of a significant amount of
stop-over tourist use. Excluding those locations where
exceptional or nationally known opportunities are pro-
vided, most of such use is now limited to very briet stays
or overnight stops.

FIGURE 51

MAJOR VACATION-DESTINATION AREAS
AND INTERSTATE HIGHWAYS

we'll- known scenic attractions draw millions of non-
resident visitors each vear as at the St. Mary Entrance to

Glacier National Park.

Residents or nearby nonresidents create most of the
recreation impacts in the eastern and southern parts of
the basin. Most major population centers in and near the
basin are situated in these localities. Residents engage in
outdoor recreation activities the year around: and in
regrons where g\md winter sports opportunities are
available. such as near Denver, off-season use is sub-
stantial. However. the major recreation season even toi
residents extends from ecarly May through October. In
the southern part of the basin. especially. pleasant spring
and fall weather can produce some surprising use figures.
May visitation at several Federal reservoirs near Denver.
for example. often surpasses that ot August

The most popular and seasonally crowded recreation
areas in the basin are. in nearly all cases. either (1) in
well known vacation target destinations. (2) in or near
major population centers, and/or (3) in locales of imited
recreation opportunity. Some ot the most popular (and
often congested) recreation areas in the basin include the
following:  Yellowstone National Park and environs.
South Dakota portion of the Black Hills region. Like of
the Ozarks. Rocky Mountain National Park and environs,
foothills and close-in mountain recreation areas west
of Denver. Roosevelt National Forest in Colorado.
Gallatin National Forest i Montana. and the Okoboji-
Spirit Lakes area in northwestern lowa. The most
heavily used Federal reservoirs in the basin dre: Lewis
and Clark Lake m northeastern Nebraska and south-
eastern South Dakota. Oahe Reservoir in the Dakotas.
Pomme de Terre Reservorr in Missourt. Cherry Creek

Reservoir at Denver. and Tuttle Creek Reservour in
Kansas.

Intensive use at the Madison River Earthquake Area
testifies to the great seasonai popularity of sightsecing

Approximately 30 percent of the recreation demand
studied 1s water-dependent. Heavy demand tor water-
based recreation opportunities, especially those that are
reservorr-based. is strongly associated with one or more
of the following tour conditions: (1) the accessibility 1o
large urban populations, (21 4 shortage ot alternate

opportunities. within a reasonable travel distance. (3)
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climatic conditions assoctated with temperature. humi-
dity. and length of season. and (4) economic conditions
associated with dl\pn.\‘dl‘h‘ imcome. All of these factors
create a heavy demand for water-based recreation in the
populous portion of the basin. Large metiopohtan areas
were considered to create a demand within a 75-mile
radius and the lessor urban areas with a SO-mile radius
Fhus, large urban arcas outside but near the basin
boundary mtluence the demand tor water-based recrea-
tion within the basin. Figure 52 shows the areas of
heaviest  water-based  recreation  demand. which are
generally east of the 99th Meridian and in the area
centering on Denver, between Colorado Springs and
Cheyenne. Wyoming. The importance of water recrea-
tion within the localities s evidenced by the tuct that
every State park within the Kansas portion of” the basim

is reservorr-based.

FIGURE 52
AREAS OF HEAVIEST DEMANDS FOR
WATER-BASED RECREATION
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The situation relative 1o “water recreation™ is quite
different i the bulk of the northern and western parts
ol the basin. Pressure s rehieved materially by the
avatlability of land-based opportunities on large Federal
and Indian holdings. The short summer season and lower
water temperatures discourage use of reservoirs and lakes
for body contact sports such as water sking and
swinnung. Pressure onavailable  tacilities does not
onginate from the small and dispersed local population
Fourist use of impounded water arcas s hght due to (1)
the avatabihty of siilar recreation opportunities nearer
home. and (2) the meonventence of transporting equip
ment such as boats. skis. ete o a distant area that
attords only imuted opportanity

As aresult, reservonr-based demands i the north and
most ot the western part ol the basi could be described
as hight to moderate  at feast when compared with the

area cast of the 99th Mendan. Crowding occurs at a
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number of strategically located points on waters m the
northwestern basin, but general congestion and severe
\llnll.lgc of opportunty  or opportunity-alternatine

known to much ot the southeast. have not yet been

realized.

The oxbow lake at DeSoto National Wildlife Refuge is
situated withm the eastern arca of “heaviest demand tor
water-based recreation”™

Fhe  information  presented  on current use  and
demands has centered on a desenption ot the torm and
magnitude of overall recreation pressures on the various
segments of the basin. Followmg is a discussion ot thie
specific recreation activities which have been studied

Swimming is. by far. the most popular water sport i
the basin and ranks second for all activities studied. Most
swimming occurs at pools: as a result. the requirement
for beaches and outdoor waters has not been com-
mensurate with the high demand. However. the warm,
humid climate and tavorable reservoir and “sand-pit™
lake development opportunities of that portion of the
basin east of the 99th Mendian have promoted a

considerable amount of beach swimming demand

Lake of the Ozarks State Park contams one of the very
popular beach swimming sites in the heavy water sports
demand area cast of the 99th Meridian

Fishing and boating e the second and thud most

popular water sports and the ntth and sixth-ranked

ik
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activities, overall. Most of the demands are associated
with lakes and reservoirs. Stream and river actuvity s
confined mostly to the western and northern parts ot
the basin. In the latter. especially in the mountams and
highlands of Wyoming and Montana, are tound some ol
the finest cold-water stream and boat fishing oppor
tunities in the Nation. The Missouri River and Missouri
River reservoirs above Sioux City also provide unigue
and generally underused possibilities tor fishing and boat
cruising. A very large portion of the basin demand for
both activities. however. is met by a number of populat
Federal and private power company reservoirs. especially
those in Missouri. northern Kansas. southern Nebraska

northwestern Colorado. and at Lewis and Clark Lake on
the Missourt River

Boating is a popular activity with basin residents. Ex-
cellent opportunities are available on the basin’s reser-
voirs such as the Lewis and Clark Lake

Water skung is the least popular of the 10 activities
gudied. but this s largely because of the special
ecquipment and skill required. Tt has been one ot the
fastest growing recreation activities. The sport neces
itates space. which s usually not available on lukes ot
¢ than about 200 surface acres. Water skiing is

odetately popular throughout the basin, but about 90

¢ nt ol the demand is assoctated with reservolrs in
the tour southern subregions

Sightseeing 1s the most popular of the activities
tudied. 1toas generally considered to consist of tourmg
ind  observing attractions by car, but 1t can cover

wiltitud i closely related pursuts. including visiting

historie sit imd taking photographs. The activity has
miversal appeal throughout the basim and tourists spend
i" Iy large percentage of their time pursuimg thi
isl Approximately 52 percent ot the basin sight
ey md s oassociated with the three western
i tlpp \h i Yellowston md Pl
N ]
1" 1l | | 1 11 '
[ I | t the basin. How ¥ D
1 | vrth \ 1

urban population. Popular local parks and water-based
recreation areas in the southern halt of the basin absorb
SO percent or more of the total picnicking demand

The fourth most popubar basin recreation acuvity s
nature walks (also known as nature study). closely
identified with other activities, especially sightsecmg. As
the population of the Nation and the basim has gradually
changed froim basically rural to urban. an aggressive o
not highly scientific pursuit of nature association and
knowledge has evolved. Generally . too few apportunities
for planned natire walks have been made available. but
various agencies are now beginning to provide specialized
facilities for the activity. The very high nature-study use
of Yellowstone National Park and of DeSoto and Squaw
Creek National Wildhife Refuges i the castern end of the
basin. uattest to the growing popularity of this torm ot
recreation. In a number of areas. the mterest w and

demand for nature study \'\]vl.l[ or exceed those for

hunting and tishing

Viewing and photographing big game in national parks,
as in Yellowstone, is an especially popular form of
nature study

Hunting. the seventh most popular activity . is covered
in considerably more detail in the chapter on Fish and
Wildlite. Some ot the best big-game. upland bud. and
waterfow! hunting to be found in the Nation is available
in the northern halt of the basin, but approximately 67

percent of the total hunting demand 18 associated witl

pet

the tour subregions i the southern halt of the basn

where the human population is concentrated. Most ot

the hunting there is done on private land

The popularity of camping. the number eight ity

tends to be regronalized. although m part thas s due to
|

hortage of opportunity i much ot the plams. Campu

demand. especially hugh m vacation-destination arcas a
along ator travel routes, 18 strongly associated witl

l¢ ost popular

tourists and other vacationes The si

A ping area o the basim s the Black Hills regio




three western subregions combined with the adjacent
Black Hills absorb 54 percent of the tetal camping
demand. The growth of camping in the past 20 years has
been sitnificantly greater than for the average of all
activities.

Demand is limited. but excellent opportunities for
hiking and climbing exist in mountainous areas.

The total demand tor hiking. the ninth-ranked activ-
ity. is relatively small. due to the fact that hiking. as
opposed to “walking for pleasure.” normally includes

the use of trails and toting of pack. tent. or provisions. It

the basin demand for walking for pleasure were calcula-
ted, it would probably surpass that for sightseeing
Hiking demand is distributed more or less commensurate
with the distribution of population: however. much of
the demand in the southern basin is untulfilled due to a
lack of good opportunity. The best opportunities for
hiking are in the western, mountainous areas in national
forests and national parks

Other important basin recreation opportunities in-
clude driving for pleasure. playing games and sports.
attending  outdoor games. snow  skiing, 1ce skating.
sledding. snowmobiling, horseback riding. bicycling. and
attending outdoor concerts and drama. All of the winter
sports mentioned are especially important. and skimng
and snowmobiling have enjoyed rather recent sharp
increases in popularity both in and outside the basin
Opportunities for skiing are limited mostly to the Black
Hills and Rocky Mountain regions. The bulk of the basin
suffers from a shortage of good. close-in opportunitics

for most winter sports

Adequacy of Present Recreation Facilities

Ite results of generalized analvses of the recreation
faciiity supply/demand picture in cach ot the cight
Missourt  Basin subregions  for 1965 me shown in

tigure S3. Although there are local recreation land and
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tactlity surpluses in some areas. every subregion shows
an overall deficit of between 11 and 23 percent. The
greatest current shortages are tound i the four sub
regions representing the highly populous southern half
of the basin and in the Yellowstone River dramage of

northern Wyoming and southern Montana

m

FIGURE 53
APPROXIMATE PERCENT OF 1965 RECREATION DEMAND
MET BY EXISTING SUPPLY
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Subregion data. averaged for the basin. indicate there
are moderate to moderately severe shortages ot adequate
camping. boating. and water skiing facilities: moderate
shortages of picnicking. swimming. and nature walk
facilities: light to moderate shortages ot tishing. sight-
seeing and mtormational. winter sports. and hiking
facilities: and hight shortages of roadside tacilities. The
adequacy of certain other facilities. such as those for
games and sports. has not been analyzed

In general. a combination of the ghest and lowest
quality facilities in the basin is found m the northern

and western areas. In most ot the southern and eastern

In general. the greatest current shortages of facilities are
found in the more populous. southern part of the basin
In this scene. campers are literally jammed into a
campground
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parts of the basin, facility quality is less variable and
could be described generally as nearly adequate to good.
There are excellent, as well as poorly located, developed
and maintained recreation facilities in all parts of the
basin, including the southern and eastern portions.

Trends in Programs

The Missouri Basin was the setting for the precedent-
breaking establishment of the first of four major types
of conservation-recreation areas. Yellowstone National
Park. the first major scenic area to be set aside as a
“public pleasuring ground”. was established in 1872 and
marked the real beginning ot the far-flung national park
system. Creation of the Yellowstone Timberland Reserve
in 1891, later to become in part the Shoshone National
Forest. signaled the beginning of a great national torest
system. The first national monument, Devils Tower. was
set aside in 1906. Finally. the Bob Marshall Wilderness
Area in northwestern Montana, the first wildland to be
so designated, was established in 1940. The first tract
acquired by a State for park purposes in the basin was
the site containing Forts Abraham Lincoln and McKeen,
on the west bank of the Missouri River near Mandan,
North Dakota. The State acquired this tract from the
Federal Government in 1908.

Fort McKean

The Civilian Conservation Corps program in the late
30°s provided an important impetus to outdoor recrea-
tion within national parks, state parks. and forests. Since
World War I, the recreation programs have expanded

significantly. Most of this growth has occurred since the

early 1950°s. A new awakening to the importance of

recreation, and a realization of the developmient lag that
began in 1940, surfaced in the mid-19507s. In 1956. the
National Park Service mitiated its Mission 66 Project. the
U.S. Forest Service strengthened its recreation planning
and development with the 1957 Operation Outdoors
Program. and several basin states started their first real
park systems. In addition. Congress established the
Outdoor Recreation Resources Review Commission
which led the way to a national comprehensive survey of
recreation resources and needs

Since 1960, the recreation planning. development.
organizational improvement, and legislative action that
has taken place in the basin has probably exceeded that
of the previous 30 years. To a large degree this activity
has been aided by inception of several new Federal
assistance programs. including the Land and Water
Conservation Fund program. Moreover. the demand for
more and better recreation tacilities and opportunities.
especially those that could most logically be furnished
by the State. local government, and private sectors. has
increased greatly. Currently there is an increased tempo
of municipal, industrial, water. and transportation
development. This in turn is creating. modifying, and
eliminating basin recreation lands at a relatively rapid
rate, a situation which requires a Keener awareness of
recreation and natural beauty values at all levels of
government.

In Montana. Wyoming. Colorado. and most of the
Dakotas west of the Missouri River. Federal programs
have been tradittonally dominant. In these areas. tacili-
ties and opportunities provided by the National Park
Service, the U. S. Forest Service, and Army Corps of
Engineers are especially important. The Bureau ot
Reclamation indirectly supports major programs through
providing a number of reservoir lands and waters
administered. for the most part. by state and local
agencies. Secondary or specialized opportunities are
available on sizeable but largely undeveloped lands
administered by the Bureau of Land Management. the
Bureau of Sport Fisheries and Wildlite. and the Depart-
ment of Defense. as well as on many private Indian and
tribally owned lands. The Soil Conservation Service's
small watershed program (P.L.566) provides opportu-
nities for recreation on single- and multiple-purpose
flood control facilities. Intensive recreation planning
and/or development programs mvolving these programs
are just getting underway. Local recreation programs in
this western basin area have been relatively strong in
larger cities and towns and generally weak in smaller
communities, while a few counties support recreation
activities or systems of any kind. Until recently. the
mvestments in State park programs have been modest or
nonexistent. All State park agencies within the basin are
still sertously undertinanced and understatted. This does

not necessartly reflect on the magnitude or quality ot
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PROJECTED RECREATION DEMAND
Future Recreation Trends

1 Many factors are work. gradually

mcreasing or decreasing the popularity ot certain sports.

constantly at

changing recreationists” vacation habits. and altering the
resource that makes outdoor recreation possible. [t iy

possible that high quality  cold water

trout fishing.
readily available to the average Coloradoun i 1969, may

require a reservation and a special license i 2000, All

such factors. which are discussed herein as trends. help

determine the amount and torm ot people’s demands to

outdoor recreation in tuture years. The

appraisals
expressed concerning basin trends should be considered
as falling somewhere between strong possibility  and
reasonable  probuability.  One

!\\';‘l i

overnding  probability

should  be mind: that is the upward trend

foreseen tor almost all recreation activities. Some of the
"I

are  discussed

tigure 54

more important  trends

herein and are
illustrated by Basinwide

demand

projections are treated separately

Recreation Demands.”™

FIGURE 54
BASIN -WIDE RECREATION DEMAND BY ACTIVITIES

WM

popular of the 10 studied. Visiting historic places ranks
as one of the top two or three visitor-pursuits according
State Basin
cenjoys d rich historical heritage. As evidence of imntense
interest is the fact the Lewis and Clark Trail, as well as
several historic routes proposed for National designation
will be ¢ ,‘k'\,l..‘”\ well vt’."\\‘ir'[‘\'\l and proi
plains  states. Historically

to several tourist  studies. The Missourt

wted by the

oriented sightseemg should

increase accordingly

NTING
M N
Sightseeing— This activity will continue to be the most

Water-sports— Swimming is expected to be the number
one outdoor activity nationafly by 19801 however. it will
remain the number-two basin sport. Boating. now sixth
18 gaining participants rapidly and should

number-five basin activily

in popularity

become the betore 2000 h

should at least tie tor fourth place by about 2020, Water
sking demand  will

continue to be guite hmned. al-

though it could be one ot the very tastest popularity
gamet 5 TYUIres

a large amount of water surface per

participant. and tuture activity will hkely be curtailed
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water-short areas. Fishing will continue to be very much
in demand. but quality opportunities will probably be
limited i a number of key locations. Demand pro-
jections prepared tor this study show the sport should
drop from fifth to sixth place betore 2000. Because of
the very strong relationship ot water-dependent activity
with urban populations and warm climates. the southern
part ot the basin will continue to turnish the prepon-
derance of the water sports demand. Areas that could
show great increases in such water use include the
Missourt main stem and tuture reservoirs built near

Denver, Kansas City, and Omaha

o S e A

Water skiing is a popular recreation activity on
larger warm-water lakes and reservoirs,

Picnicking and Camping Picnicking is expected to
remain the third most popular basin activity. though the

demand increase will be slightly below the average tor all

activities. Growing urbanization will help sustain the
lemand and increase the requiremnent tor close-in fuci-
Jities. The increase in camping demand will substantially

exceed the average rate of increase tor all activities, and

camping should climb to seventh i popularity by about

1950. Increases in camping demand should be especially

noticeable in the plains and near cities

Nature walks, hiking, and biking— Nature walks should
remain i the number-four popularity position. at least
through the vear 2000. Hiking should continue to be the
number-nine activity. but both hiking and “walking foi
pleasur hould show anusually  large increases in
participation and. together. they will probably represent

the most popular torm of recreation in the basin
Bicycling by adults is an increasingly popular torm of
activity i and near urban creas. Interest in or plins for

reating urban trals and bikeways i1s high in Denver,

Omaha, and Kansas City. and should spur the futu

popularity of all three ot these activities

Hunting— Due primarily to growing shortages ot good o1

sufficient opportunities. hunting is expected to sl
seventh to eighth place in popularity by 1950 However
the activity is still expected to show a demuand increase

ot nearly 150 percent by 2020

Winter sports— SKiing and to lesser degrees snow-
mobiling. ice skating. sledding. inner-tubing. and even

Skiing and snowmobiling are both expected to
show substantial increases in popularity
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tecommodatie

Sightseeing. in its various forms. is the most popular of the 10 Missouri Basin

recreation activities studied
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Delune resorts that possess the proper recreation oppot

tuntties and transportation facitlities are vacation targets

tor a significant number of recreationists




Recreation transportation— The private automobile will

continue to be the mainstay for the traveling recrea-
tionist tor some time to come. However, a large upsurge
in vacation air-travel and the use of rental cars can be
expected. Bus touring may again become  popular,
especially i scenie, congested areas such as Yellowstone
National Park. Rail travel and tours are now dying
businesses. but basin vacationers may well rediscover
train travel when the highways and air corridors become
more congested and if faster and better rail equipment is
provided. This may include auto-carrying trains between
major cities and high volume departure points. Boat
excursions on the Missouri River could become popular.
Improving world affluence and transportation are certan
to produce a sharp increase in the number of visitors
trom other countries.

For the next few vears. mterstate hughways pronmuse
to have the greatest transportative influence on recrea-
tion. For the Missouri Basin. the influence should be
positive. tnless sufficient recreation facilities. signing.
information stations, and branch-oft tour roads are not
provided near these travel routes. Substantiai improve-
ment of remote area and private land access will also
have a significant bearing on future recreation use.
especially in the northern and western portions ot the

basin

Crowding end overuse— Yellowstone, Grand Teton, and
Rocky Mountain National Parks. the Black Hills region,
and certain other areas are being subjected to inexorably
increasing use that may eventually necessitate limits on
visitation. A “turn-away’ situation is especially hikely to
develop at Yellowstone, and at Grand Teton National
Park. just outside the basin. As a result. much greater
pressures will be placed on such areas as the Big Horn
Canyon National Recreation Area and nearby national
forest lands. Also. there should be greater demands for
and use of facilities within State parks, the public
domain, Indian reservations, and other now-less-populi
areas. Different. more complex patterns of travel and
activity preference could also result. These probabilities
become more important in light of State and Federal
plans or potentials for developing new plains recreation
areas. promoting the Lewis and Clark Trail, and estab-
lishing national and State scenic rivers and traifs.

New water resource developments— In general. arcas of

high urban growth and population will be areas of high
water-based demands. Urbanized locales in the southern
and eastern parts of the basin. notably near Omaha and
Kansas City, are now quite short on convenient water-
based opportunities.  Construction  of desirable  new
reservoirs could cause stant popularity and mass use
through conversion of a considerable amount of latent
demand to actual use. On the other hand., development

of new reservoirs in remote locations or greas ol great

Y

existing supply or low demand. will result in use but
relatively little change in total visitation

Greatly increasing use at extremely popular areas may
result in a “turn-away™ of vacationists to other less well
known attractions. such as Fort Robinson State Park in
northwestern Nebraska.

Future Recreation Demands

Figure 355 shows the amount of total projected
recreation demand between 1960 and 2020 in the
Missouri Basin. Although demand has been calculated
only for 1963, 1980, 2000. and 2020. the derived curve

FIGURE 55
PROJECTED RECREATION DEMANDS
EXCLUDING HUNTING AND FISHING DEMANDS
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indicates approximate total demand i intervening years
Nonresident data are tor only those recreationists who
travel to. but do not live in. the basin. About one i tour
basin residents travels across subregion boundaries tor
recreation. which accounts tor a figher recreation
demand in sonte subregions than would be indicated by
resident partictpation

Excluding fishing and hunting as well as the several
activities that were not intensively studied. total recrea-
tion demands increase trom approximately 286 million
activity days in 1965 to .14 billion in 2020. With
fishing and hunting included. total demands grow trom
331 million activity-days in 1965 to 1.26 bithon in
2020. an overall increase of 280 percent (recreation-day
2:5). (It is

apparent that the overall increase in recreation demand

figures may be computed by dividing by

is greater than the projected increases in popufation
This s due to projections of increasing participation i
recreation. resulting from mcreasing income.  leisure
time. mobility . and other socio-economic factors.

Figure 56 provides a comparison of the 1965, 1980,
2000, and 2020 levels of total recreation demand by
cach of the cight Missouri Basin subregions. The in-
tfluence of population concentrations on  subregion
demand totals is readily apparent. The Platte-Niobrara
followed by the Lower Missouri. accounts for tar more
projected demand than any other subregions. The
Platte-Niobrara  Subregion contains the fast growing
Denver and Lincoln Standard Metropofitan Statistica
Arcas. The subregion is also strongly influenced by
residents of the Omaha-Council Blutfs SMSA. The
Lower Missouri Subregion contains the Kansas City and
Springficld. Mo.. metropolitan areas and s signiticantly
influenced by the nearby St. Louis and Topeka SMSA's.

FIGURE 56

RECREATION DEMANDS, BY SUBREGION
(EXCLUDING HUNTING AND FISHING DEMANDS)

The Middle Missouri Subregion. which includes the
Omaha and Sioux City SMSA'S. 18 third highest in totat
Al of the atore
Kansas.

what could be descitbed as the southern half ot the

mucrpated  demand  in the basin

mentioned subregions. including the COmprise

basin. which accounts tor approximately 71 percent of
the recreation demand studied

Ihe northern halt of the basin, comprising the four
noerthern subregions. records only 29 percent of the total
projected recreation demand: however. a high percentage
of this demand is felt within a 3-month summer period
In addition. there are many localized “pressure points™
combined with many areas that will probably not be
subjected to high recreation use through the veu 2020
The Upper Missourt and Eastern Dakota subregions show

the highest present and projected demand levels. with

the Yellowstone following close behind

T'he Platte accounts for more total recreation demand.
both present and future. than any other subregion.
Fremont State Recreation Area is a popular location at
the eastern end of the Platte River Basin.

PROJECTED RECREATION LAND AND
WATER NEEDS

Demand considers only the expected future impact
on recreation resources. while need CXPIesses the net on
additional requirements for land. water. facilities. o
management. For most tframework river basin studies
the primary concerns are “acre needs™ for both water
surface and land

Determination of recreation acre needs mvolves cal
culation of future use in terms of activity-davs of
expected recreation demand. Demands are then con-
verted to “total requirements™ for recreation fand and
water surface in acres. When, for any given target yveat.
the known “supplv™ of this resource noacres is
subtracted from total estimated requirements, the re-
mainder is the need

Figure 37 provides basinwide comparisons of total
requirements. existing supply. and the indicated future
needs tor three resources: (1) recreation waters. |
developed recreation lands. and (3) undeveloped recrea

tion lands. Primary use. undeveloped recreation la

are those set aside or used primanly tor recreation and




FIGURE 57
BASIN SUPPLY AND FUTURE NEEDS FOR
RECREATION LAND AND WATER
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fish and wildlife purposes. The existing supply of
recreation waters may be noted to show a tuture
increase which retlects an estimate o existing but
ineffective waters due to pollution. lick of access or
other problems but that can be made recreationally
effective. Figure 58 shows total recreation water needs
and estimated portions thereot which are reauired to
small impoundments.  Figure 59 portrays needs for
developed and undeveloped  recreation  lands. Since
ultimate needs involve much more than acres of water
and land. expansion of the mformation provided in the
figures is presented in the narrative following.

Water and Water-Based Needs

There will be substantial needs vor additional recrea-
tional surface waters i all thren target years. These
estimated needs increase frota about 227.000 surtace
aeres in 1980, to 720,000 acres in 2000, and to
1.536.000 acres in the vear 2020.

In many places. especially in and near urban arcas.
small impounements of up to about 300 surtace-acres
will best meet the water needs. Minimum small i
poundment needs. which are portions ot the total
figures. have been estimated av 41,000, 115000, and
203.000 surface-acres for the years 1980, 2000, and
2020, cespectively .

In effect, all of the water needs for the target years
1980 and 2000 result from a widespread supply demand
imbalance within the basin. Unfortunately . most ot the
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FIGURE 58
FUTURE RECREATION WATER NEEDS
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recreation waters are located in areas of relatively low
demand  areas too far from population concentrations
to be effectively utilized. It it were possible to redistri-
bute basin waters according to location ot need. there
would be a theoretical 1.5-million surtace-acre surplus in
1980 and even a 0.75 million-acre surplus in the vear
2000,

There is considerably supply /demand inequity within
individual subregions. The overall imbalance can be
illustrated best by a basin-wide statistic indicating that
006 percent ot the year-2000 supply is situated within the
four northern subregions. while 84 percent ot the
corresponding total requirement for recreation water is
assoctated with the four southern subregions. As a result.,
90 percent of the total need for additional recreation
waters i the vear 2000 should be met in the southern
halt of the basin, An indication of the strong relation-
ship ot water-need with urban-concentration can be seen
by the fact that nearly 60 percent of the vear 2000
needs for water surtace should be met within the
urbanized “subareas™ covering the Denver. Lincoln.
Omaha. Topeka. and Kansas City metropolitan areas

Regions of high tuture water need (40.000 surface
acres or more by 2020) include those surrounding and
strongly influenced by Sioux Falls, Denver. Lincoln,
Omaha. Swoux City, St Joseph. Kansas City, and

FTopeka. Locales of moderately high tuture water need




include the Great Falls, Butte-Anaconda. Billings. Rapid
City-Black Hills, Fort Collins-Greeley, Grand Island-
Hastings-Kearney, and St. Louis-Columbia-Jetterson City
influence areas.

R e T

Small impoundments normally offer more user
benefits per acre than large reservoirs.

Strategically situated reservoirs will receive heavy
use on summer weekends.

By activity. most of the water needs are for various
forms of boating and fishing. Water skiing requirements
are also signiticant. Outdoor waters tor swunnung are
important, but the surface-acre requirement is relatively
small. The water needs tor sightseemg and aesthetic
purposes are significant. but calculations consider these
requirements only as they relate to small impoundments
Generally, sightseeing and related needs can be served by
meeting  those tor other  water-ssports  activities. In

western portions of the basin r~;n\|.|||\ streans h\'lp

meet important demands for views of and experiences in
a scenice highlands environment.

A final water-based need centers on the desirability of
retaining the basin’s scenic or primitive rivers and high
quality trout stream resources. particularly those in the
western basin. Especially important are the relatively
few blue-ribbon streams in scenic locations. Rivers like
the Madison and Upper Yellowstone in Montana are
nationally known and contribute much to the reputa-
tion, drawing power, and environment of the region.
Most such streams are situated in areas of limited
population and low recreation-water-surface demand.
There should be strong social and economic justification
before converting any portion of scenic. outstanding
river reaches. and blue-ribbon trout streams to major
reservoirs  or for causing severe stream degradation
through pollution. road construction. and diversion. The
western portion of the Missouri Basin possesses both
extremely important scenic and wildlife resources along
with many possibilities for future water resource devel-
opment. Caretul planning and appraisement of values
will be a requisite to msure saving the outstanding

natural scenic resources ot this area

Land and General Needs

Figures 57 and 59 show that the estimated basin
needs for additional developed recreation fland grow
from 152.000 acres in 1980, to 369,000 acres in 2000
and to 601,000 in 2020. Undeveloped recreation land
needs for the same target vears will be about 1.192.000
2.808.000. and 4.433.000 acres. Total land needs tor the
year 2020. then. are expected to be about S million
acres. or only slightly more than one percent ot the total
land arca of the subbasin

Developed lands are those occupied with or immedi
ately adjacent to any type of recreation facilities. o
appreciably altered from a natural condition tor recrea
tion purposes. Undeveloped lands are those that serve as
buffer and scenic backdrop. allow tor extensive recred
tion activities, and generally nsure & maximum quality
environment. In computing needs tor undeveloped lands
only the future requirements for “primary  use”
recreatton areas. such as local and state parks and
resorts, were considered. Hence. the needs are tor lands
on which recreation, i any ot its vartous torms. will be a
dominant use

The basin location pattern for land needs 1s consider
ably more complex than that tfor water needs. There are
significant ditferences in locations where developed land
needs and IIH«I\‘\L‘II';‘C\I land needs can best be met

As can be seen m figure 59, the greatest developed
land needs will be associated with the Platte-Niobrara
Subregion. with the Colorado Springs-Denver-Chevenne

population strip providing the greatest mtluence in this




There is and will continue to be an important need to retain scenic rivers and
blue-ribbon trout streams such as the Upper Yellowstone River.
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FIGURE 59
FUTURE RECREATION LAND NEEDS

be important, as this is where the most critical needs for
all types of recreation lands will be. Nevertheless, most
new . sizeable parks and recreation areas. especially those

nationally designated. will probably have to be carved

out of the more arid and rugged northern and western
portions ot the basin

[he mwost critical present and neur-tuture needs tos
both developed and undeveloped land. but especially tor
dey Cl\)}\u'n fand. are associated with urban. suburban. and
outlying metropolitan influence areas. Addittonal Linds
will be needed for all of the recreation acuvities
described in the section on trends. Probably the most
important. and those requiring the most lund. are the
needs for preservation ot high quality natural enviror
ment that can provide atmosphere for picnicking
walking and biking. nature studies, pleasure driving
winter sports. general relaxation. and enjovment

Important. though less critical now than those cited
are the needs that will be part ot the nonurban o1
vacation and weekend recreation scene. Since many
nonurban recreation areas contain considerable room for
development expansion, their needs mvolve both exist-
ing and potential recreation areas. It will be especially
desirable to continue to set aside and develop new
vacation-weekend recreation dareas as opportunities arise
and needs dictate. This 1s because unique and rreplace

able resources will be threatened while growing shortages

will be more difticult to detect them m urban situgtions
Nonurban recreation land needs will be greatest tor
sightseeing and general relaxation. camping. walking
hiking. horseback riding. nature study. hunting. winter
sports. commercial lodging. and related tactlities. The
preservation of outstanding natural resources and main
tenance of environmental control will be most important
and will require considerable land. The demand for game
and sports developments, such as golt courses. in
vacation-weekend areas is becoming more noticeable and

could also require a significant amount ot land

T'he scenic and primitive reach of the Missouri River below Virgelle, Montana is an
outstanding nature resource
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The future will see an increasing need to establish
“islands™ of beauty in the cities. The South Platte River
at Denver is an outstanding example of potential urban
recreation resource.

High quality or unique recreation opportunities, such
as found or expected in the most popular national parks
and monuments. will not be as readily available in the
future as they are now. In addition, congested roads as
well as creeping ugliness and social pressures will force
establishment of islands of beauty and far better close-in
recreation opportunities near our cities. This adds up to
a need for finding. designating, enhancing. and pro-
moting new and alternate recreation attractions — both
in the city and in the country. At the same time. an

attempt must be made to induce a greater number of

recreationists to accept and use these alternate oppor-
tunities and attractions. This does not mean. tor
example. that Yellowstone National Park will not be
available, but the average vacationer may have to
combine a - or 2-day reserved stay there with a week at
Oahe Reservoir, Nebraska's new Fort Robinson State
Park . or Bighorn Canyon National Recreation Area.

Particular emphasis should be placed on the designa-
tion. planning. and development of flood plains within
the basin for tuture recreation use. Too often in the
past. unprotected tlood plains have been the location ot
urban development. resulting i inevitable damage and

financial losses during periods of tlooding

In addition to finding new attractions, the relatively
few pieces of unprotected but unique natural and
cultural resources which remain should be identitied
and. whenever possible. interpreted and protected. The
supply of such areas in the Missouri Basin and in other
regions of the country is dwindling rather rapidly
Finally. attention must be placed on mamtaimimmg. or
more often. restoring and enhancing recreational re
SOUT clean atr and water, productive and unspoiled
fand. and mankind and his works i harmony with his

environment

6

Unique natural resource areas. such as this. will be
needed to provide natural environment and new attrac-
tions for future enjoyment.

RECREATION PROBLEMS

One of the most serious and all-encompassing
problems of the basin and the rest of the Nation is a lack
of sutticient concern to pay the full price of maintaining
and enhancing a quality recreation environment. This
indifference. including local failure to fully appreciate
local resource values. must be considered as an under-
standable but basic cause of many ot the specitic
problems discussed below

The loss of lands which probably could serve then
highest use through dedication to recreation and
aesthetic purposes becomes more important and trus-
trating each year. The problems compound as pressures
for alternate uses mount. land prices escalate. and man’s
capability of modifying his environment incredses
Generally. the conditions dare most acute in and near fast
growing urban areas where a single new housing develop
ment can swallow up potential park lands. a section o1
two at a time. The demands are great also for lands along
rivers, streams, and lake shores, for both private uses and
water resource developments. The shorelines of some
popular lakes and reservoirs in the castern and central
parts of the basin, for example, are ringed with homes
and cabins that leave little it any. room for public access
and development. Along the Missouri and other nivers.
notably those spared from occasional flooding through
development of channels and reservoirs, attractive woods
are bemg gradually eliminated and converted to crop
lands. In terms of current-value dollars. land price
escalation alone will double the cost of  potential
recreation lands i a decade. Choiee recreation lands that

mayv  not he needed todav  nevertheless should be




acquired today. otherwise many will be unavailable a
decade from now

The increasing loss ot quality natural environment is
intertwined with the loss of quality recreation lands. In
o few places throughout the Missourt Basin have major
attempts been made to preserve or enhance an en-
dangered quality environment. This is especially notice-
able and difficult in larger cities of the basin. where
forests of signs. powerlines. ugly buildings. and junked
automobiles abound. To a large degree. urban troubles
reflect a lack of good planning and adequate zoning:
however. a general inability to recognize creeping ugli-
ness, coupled with an absence of unified action to do
anything about it. are also major tactors. Many righttully
associate the problems with disagreeable industrial areas
and older and poorer neighborhoods: however. some ot
the worst violations of good taste and greatest contrasts
in beauty and ugliness are found in newer arcas. The
unappealing  commercial  developments  that so fre-

quently “shoestring™ along travel routes on the edges ot
towns and cities is but one example

Environmental problems are less serious in nonurban
areas. but there is a potential for widespread and
irreparable loss of aesthetic environment in many locales
that could transcend the losses that have occurred in
basin cities. Good land-use planning and controls, special
recreation area Zonig. and private owner cooperation
will be essential. ln some areas where one or more ot
these items has been weak. the natural environment has
been altered to a point that it cannot be enjoyved by
those \Ccl\lllg isolation and solitude as a condition of
recreation enjoyment. Examples can be found at Lake of
the Ozarks. the Black Hills, and the Denver foothills.
even while these arcas exhibit high popularity as
demonstrated by visitation and recreational use. Proper

3 Secht
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Within typical urban and suburban areas. the lack of
land use planning allows housing developments to
pre-empt potentially prime park sites

soning and development can provide for both isolation
and heavy visitation it properly applied.

Transportation and access bottlenecks produce major
problems in certain parts of the basin and the situation
could worsen. New highways and secondary roads. and
public transportation tacilities. do not and should not be
designed to deliver the recreationist to the immediate
vicinity ot his ultimate destination. Transportation
modes to recreation areas must arrange tor retention and
preservation of the scenic resource. even it time of travel
is increased. Added leisure time tor application to
recreational pursuits may encourage recreationists to
accept a slower pace as recreation areas are approached.
The problem is one of public discipline which may prove

challenging.

“Shoestring™ commercial development signs aiong major
travel routes add to the environmental problems.

Inadequate funding of Federal. State. and local
recreation programs has been a problem in the past and
has intensified many of the problems tacing recreation m
the basin. The expanded Federal programs mitiated in
the 1960's are contributing to fulfillment of recreational
needs but have not as vet accomplished the desired level
of opportunity n all parts of the basin. The ditficulties
associated with applyving tor Federal assistance. restric-
tions. and rules relating to expenditure of Federal
matching funds, have discouraged progress in many local
communities. Also contributing to non-investment in
recreational fands and facilities by focal government is
that the immediacy of action is not apparent in the less
populated and slower growing communities. Past experi-
ence with the costs of operation, maintenance. and
replacement of tacilities also dampens the enthusiasm of
local governmental offictals to invest further in recrea-
Lon programs

In general. the State recreation agencies and the
major cities  have carried out  creditable  recreation

programs even though hampered by inadequate tunding
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and a shortage of qualified planners. The organization ot
regional planning groups has the potential to support
and in some instances establish regionally  ortented
recreation \l'\'\L‘l”l\Hlk'“[ I'he coordinated Federal. State.
and local approach o solving recreation  problems
currently noticeable in smaller communities and low
population counties, at areas managed by States with
inadequately funded park programs. at many Federal
and other multipurpose reservoirs. at certain national
wildlife refuges. at most Indian reservation recreation
areas. and at many privately operated campgrounds.
tratler parks. and tourist attractions. New recreation
developments are needed generally on public domain
lands and at or near high-use locations within national
torests and national parks and monuments. Most fre-

quently tound to be inadequate at existing recreation

areas arce site access roads, signs. and facilities for
camping. parking, boating, swimming. hiking. vehicle

control, and environmental health protection. Improper

original planning and construction, along with insuffi-
cient maintenance arrangements, are often the cause of
continuing problems. Site crowding and resultant ground

and  tree damage occur inoa number ot locations

Fortunately. some

icies or units of agencies in the
basin have taken mmportant steps to make major im-
provements in planning and facility development

Many reservoirs and other recreation areas in the
Great Plains lack adequate shade and screening. The
plains portion of the basin is noted tor numerous cleat
and hot \LI_\\. so the need for trees is considerable. The
requirement for more shade is not limited to existing
recreation areas: additional tree planting should be
undertaken now in arcas of proposed tuture develop-
ment when climatic and soil conditions are tavorable

Fhe widespread lack of adequate access is most

noticeable in the western high plains. mountains, and

Limited shade and screening is a problem at many
Great Plains reservoir recreation areas

YN

along the Missourt River and 1ts reservoirs. Limited

tair-weather access 1s also a deterrent to public recrea

tion use at many privately developed lakes m the easten

basin. on large tributary reservoirs. on farm lands used

tor huntng and ftishing. and even at many

public recreation areas. Thousands ot miles o

j_'\m\l access roads along the Missouri River are needed i
Montana. the Dakotas. and Missourt in particular. This
would help meet the goals set forth by the Lewis and

Clark Trail Commission and provide an

tourway system that will attract tourists and enable t

areat Missourt to be used effectively. Limited access i
so d handicap on public domain and Indian lands
lic use of the Missouri River

tor recreation will require additional

Access to and general p

ams by all of the States and by the U.S

safety prog
Coast Guard. Considerable county-State-Federal and
private sector cooperative action will be neede

overcome these access mitations

Related to the access deticiency is the fact of imit
or nonexistent lands for recreation development

certain local and private reservoirs. Primarily involved

are private-power-company and 1rrigation resery

Montana. where water-tight reservoir “take-lines™ we
established that left no shoreline lands tor placement of

recreation tactlities. Private. State. and local

have been reluctant to buy lands. provide good access. «

dAssuime admimmistranve “\1“\'\\1]‘1-‘\”;‘\ mder nese

conditions

Inadequate facilities and management of use present
problems at a number of recreation areas

Water pollution. which 1s now ving

rd ttention. is detriment ins I

In a tew arcas of popul 1
concentration and mtensive agricultural and

conditions are sertous. The middle Missount River. the

South Platte River below Denver, a number of streams n
the Black Hills, and the Nishnabotna River in fowa are
all examples ot recreationally important or potentially
mportant  waterwavs  that Ve Sertous pol

i




Inadequate access is a common problem and limits
potential recreation use.

siltation problems. In the eastern Dakotas and other
areas where fteedlots and intensive cultivation are
common, runoft leaches fertilizers and nutrients and
carries them into streams and lakes. The growth of
annoying algae in recreation lakes is one of the compli-
cating results.  Several eastern basin lakes support
numerous cabin developments with inadequate waste
handling facilities, creating additional  pollution
problems. Lakes Poinsett and Kampeska and Big Stone
Lake in South Dakota are examples of water bodies
suffering from pollution.

In addition to pollution. road building. gouging.
dumping. rechanneling, and dewatering through diver-
sion have caused serious damage to quality streams and
fisheries in many areas. especially in hilly and mountain-
ous country. The Gallatin River in Montana. for
example. has several reaches left literally dry during
periods of heavy irrigation demand. Siltation or lack of
sutticient inflow water occurs at new and old Missouri
River oxbow lakes. Nearly all of the oxbows are
important as potential recreation areas

Water level fluctuation, an inherent necessity at most
multipurpose projects. lessens recreation and aesthetic
quality on many reservoirs. The drawdown is usually
most severe at older reservoirs on major and secondary
tributaries, but several ot the Missourt River impound-
ments, including both Canyon Ferry Reservoir and Luke
Francis Case. are affected. Significantly lowered water
levels make boat launching and moorage difticult. result
in business loss at marinas. damage tisheries. and cause
highly IIII;‘lk"I\.II\] conditions. In severe cases. recrea
tionist ab HH]HHH!&'III AH\! business evacuation can oceut
Fhis drawdown situation can be very ditficult to resolve
due to variable precipitation and the built i “conthet™
of demands at multipurpose projects

A number of past and current Congressional bills have

proposed the estabhishment ot o national system ol

Vertical drawdown of the Gibson Reservoir can
approach 100 feet.

“scenic”. “wild.” or a combination of similarly desig-
nated free-flowing rivers. The conceptual differences
between the terms “wild™ and *scenic™ have changed
with time and varied with the proposal. but most of the

eight candidate Missouri Basin rivers have been included

in a number of proposals as national scenic rivers. Many
now consider a potential wild river to be limited to a
tfree-flowing river within a designated or de facto
wilderness. A scenic river area has been defined by the
Assistant Secretary of the Interior as “a stream or
rivel and adjacent land area that possesses
outstanding scenic. fish. wildlife. and outdoor recreation
values, that is essentially free-flowing and unpolluted
and that should be preserved in such condition. or
restored thereto. in order to promote public use and

enjoyment.” Establishment of scenic and/or wild rivers

will require acquisition or lease ot certain adjacent lands
for protection of aesthetics and development of public
use areas. Eight Missourt Basin rivers or river reaches.
with a total ot 1.170 miles. or about 2': percent of the
total basin river and major stream mileage. have been
considered in previous legislation for a national system
of scenic and wild rivers. Recent Congressional action
(P.L. 90-542) has designated a number of rivers and
lands adjacent thereto as components ot the National
Wild and Scenic Rivers System. Although no rivers in the
Missourt Basin have been included m the system. two ot
the basin rivers have been designated tor potential
addition to the Wild and Scenic Rivers System. They arc
the entire length of the Gasconade of 265 miles in
Missouri. and a I85-mile stretch ot the Missourt River
between Fort Benton and Ryan Island i Montana
Several ot the aesthetically unique candidate nvers. as
well as excellent reaches of noncandidate rivers, are ot
will be endangered by proposed water resource develop

ments. Most commonly. impoundment or channehzat

will be mvolved. Caretul plannming and thorough «
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sideration of needs and alternatives will be essential n
order to retain some ot the more outstanding free-
tflowing rivers and fisheries ot the Missouri Basin and the
Nation

T'here are many historic and archeologic sites. notably
the remnants of once-bustling mining towns in Montana
and Colorado, that eventually will be lost it sutticient
mterest and tunding are not secured for gequisition or
protection. A few areas. such as Bannack State Monu-
ment (former Montana Territorial Capitol). are partly in

public ownership. but adequate protection and restoru-

tion are still lacking. Unfortunately. only limited Federa
funding is available for restoration and protection
purposes and. at present. public concern is generally
absent

Many of the vacation and other recreation areas in
the basin lack high quality commercial service facilities

or contain only marginal developments. In some areas

this is due to low use. But the prob exXISts even in

Reaches of aesthetically outstanding or unique
rivers should be preserved.

INOT It 1 1 \
1 1O 1 |
and  local ¢
contribute much |1
commercial service mdust

Additional recreation

the basin include air pollution at major cit

reservoir bank erosion and wave and 1ce damage
recreation lands and tacilities. especiull e M

main stem: Great Plains winds w imat hanges that
can make boating and other wate ¢ ditt g

reservoirs: and State boundary disputes along

Missourt River. increasing the problem ot developing
oxbow lukes are also nee grealte

and public recognition of plains recre

and tor local govern [ N \
greements that will enabic

ments and acquisitions i f

Important historic areas. such as Bannack — Montana’s
first territorial capitol  are deteriorating due to a lack
of protection and restoration funds




CHAPTER 7

FLOOD AND RELATED EROSION PROBLEMS

The severity and intensity of flood and related
erosion problems in the Missount River Basin are as
diverse as the basin’s economy. climate. topography. and
stream characteristics. Flood damages have varied widely
throughout the basin because of the variations of raintall
and runoft patterns. the degree of tlood plain develop-
ment. and the eftects of tlood control improvements
Floods have been caused by snowmelt. general rains ot
long duration. intense local rains. and combinations of
these. The extent of flooding has been mfluenced not
only by the duration of the high flows. but also by
ice-jam conditions.

Erosion is closely related to tloods since the cutting
of streambanks and the formation of gullies are accel-
erated during high-tlow conditions. Because ot soil
characteristics. the erosion process IS quite active In
certain  portions of the basin even during low-flow
periods. Streambank erosion occurs along most reaches
of the principal basin streams as well as many of the
smaller tributaries. Gullies are often a part of the natural
water disposal system. particularly in the more erosive
soil areas of the basin. A great many have a reasonable
degree of stability. with a good cover of grass, shrubs. or
woody vegetation, and are used for grazing or wildlife
habitat as well as waterways. Others are unstable. lack
vegetative cover, and are degrading or headcutting at
excessive rates. When these unstable gullies aftect high
value areas. such as cropland. the destruction or depre-
ciation of these lands causes longterm economic losses to

the land operator and sediment problems downstream.

['he evaluation of the intensity and severity of tlood
and related erosion problem covers the three principal
categories of floodwater damage. streambank erosion,
and gully erosion. The evaluations and analyses con-
tained herein are based primarily on data available from
Federal and State agency files. Some tield recon-
naissance surveys were made, usually on a sample basis.
in order to provide representative basic information for
areas where data were lacking. The results of the flood
damage study are expressed in terms of average annual
flood damages and the area sustaining such damages
Flood damages were evaluated for the situation i 1965
and extended over the long term on the basis of
economic projections for the Missourt Basin. Both

l‘.l\n.'—} ear and IHIHIk'wiJ!ILlf_‘\' levels are L‘\;‘IL‘\\L‘L! on a
constant-dolar basis referred 1o 1960 price levels
Erosion conditions were necessarily generalized.
although the extent of existing and future problems was
identitied
limited to streambank and gully erosion. Continuing

Estimates of annual erosion damage are

future studies of more detailed scope will be required to
clearly define the continuing needs with respect to

streambank erosion

HISTORICAL FLOQDS

A review of flood experience provides a valuable
insight to the magnitude of the many and varied
problems which remain ta be solved. Many parts of the
basin have suffered highly destructive floods. To illus-
trate. one has but to look back to such occurrences as
the 1935 tlood in the Republican River basin which
devastated the vallev. damaged 25 cities and towns. and
took 110 lives: the many Missouri River tloods in the
1940°s and early 1950°s. culminated by the great flood
of 1952 which caused about S179 million ot damage:
the record floods of 1951 1 Missouri and Kansas where
36 persons lost their lives and damages approached S1
billion: the signiticant floods ot the 19507 and 1960°s 1
such areas as the James River in North and South
Dakota. the Elkhorn and Loup rivers in Nebraska. and
the Nemaha Rivers. Salt Creek. the Blue River. and
others in Nebraska and Kansas: and highly destructive
floods in the upper Missourt basin i 1964 and on the
South Platte River centering in the Denver metropolitan
area tn 1965, Others continued the toll through 1969

Floods that occur in tributary or upstream watershed
areas are not as spectacular as those which mundate the
flood plains of the mam stems of the Missourt Basin:
however, in the tributary arcas. tloods occur more
frequently and quite often annually. Damages are not
large for any one tlood occurrence. but the aggregate can
be quite significant over a period of tme. In the
mountainous parts of the basin, overbank tlooding
oceurs infrequent!y. Flows are ordinarily Kept within the
channel. but high tflows cause sigmificant damages 1o

nrigation diversion and headgate or on-canal structures

—



The Central Industrial District at Kansas City during the 1951 flood on the Kansas River

roads. bridges. trails. and sites such as picnic areas and
SCCNIC VIEWS

Any analysis of historical floods must be tempered
with a knowledge ot the improvements mstalled by man
to control floods and alleviate losses. In many of the

Il

areas described subsequently. the construction ot major

projects will greatly reduce the damages. Given
historical flood pattern and the timing of tlood contro
improvements. the potential relative flood damage

various parts ot the basin can be estimated

THE EXISTING SITUATION

Existing Improvements

The maenitude and extent of flood and eroston losse
at present are governed by the cconomic development
located i the flood plams and the ettectiveness of
various programs and  projects tor reducing potential
losse Development  within  the  tlood  plains  varies
throughout the general region, with the greatest coneen
trattons beme tound i the lower halt of the basin:
however, some relatively well developed tlood plains are
tound i localized arcas of  the upper halt. Tt s
impracticable to adentity all improvements that have
been made tor the control of floods and crosion. Many

of the improvements made by individuals o1 by rela

tively small groups in local areas have in fact greatly

reduced losses. but such eftects have for the most part

been embodied mn the historical tlood experience and

0

ojects anc
projects ¢

submerged in past statistics. For the larg
programs. having widespread and identfiable etfects

fricient data and mformation are avatlable to assess

their effectiveness and pertormance. Plate 8 identities
ind ites these improvemetn Fon rposes of ey
i ! l \ ¢S nmpro { W

i \ L Jdul (] il

Completed Flovd River channel improvement project at
Siouy City  fowa
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Table 120 presents information on existing improve-
ments with an indication of their effectiveness in
reducing tlood damages

Fisod Problems

The tlood problems in the Missouri Basin vary widely
because of the flood characteristics peculiar to each ot
the eight subbasins and the amount of protective works
installed.

In the Upper Missouri, spring floods occur trom
snowmelt in the lower elevations often accompanied by
ice jams. Later tloods, wsually in June and July. are
caused by snowmelt from the higher elevations often
augmented by rainfall. Raintall floods are normally
confined to small drainage areas. The intensity of
damage is greatest along the Sun River: but. in general.
average annual flood damages per acre are not great
Floods do occur at unprotected locations and in highly
developed agricultural areas. Serious conditions exist at
both Great Falls and Vaughn, Mont.. located on the Sun
River. Other communities adversely affected include
Lewistown and Shelby, Mont.

In the Yellowstone, a large proportion of irrigated
farmlands on the Yellowstone River below Columbus,
Mont., is severely damaged whenever flooded. Boysen
Reservoir and Bighorn Lake on the Bighorn River have
reduced former damages to the Yellowstone River
downstream about 40 percent. A relatively serious
situation exists at Miles City, and additional flood plain
development at Livingston and Billings is increasing the
flood hazard from the Yellowstone River. Open-water
floods below Boysen Reservoir and Bighorn Lake on the
Bighorn River are no longer a serious hazard. Upstream
of Boysen Dam flooding is frequent, but the tlood plain
is not developed extensively except in local areas such as
the Riverton irrigation project. Rural damages are
relatively low, the major hazard areas being at Hudson,
Lander, and Dubois, Wyo.

In the Powder River drainage, rural tlood damages are
moderate even though tloods occur on an average of
once in 5 years. The valley lands are subject to erosion
and the stream course often shitts radically during tlood
periods. The flood plains of Clear and Piney Creeks
contain extensive rrigated  croplands  which can be
severely damaged. Broadus. Mont., on the Powder River:
Buftalo. Wyo., on Clear Creek: and Story. Wyo.. on
Piney Creek are subject to frequent and severe tflooding
Because of sparse development flood damages along the
Tongue River are relatively moderate. Major flood
hazard areas exist at Miles City, Mont.. Dayton, Wyo..
and the unprotected area of Sheridan, Wyo

At the present time, there are no widespread major
flood problems in the Western Dakota Subbasin. The
most signiticant are centered in the Black Hills area of

the Cheyenne River drainage at Belle Fourche. Spearfish.
and Sturgis, S. Dak. In the Grand River drainage. tfloods

cause relatively minor damage because of the effective-
Shadehill
Damages in the other Western Dakota streams range

ness of  Bowman-Haley and eSeIvoirs.

from minor to moderate. Existing local protection
projects at Marmarth and Mandan. N. Dak.. are currently
preventing nearly S0 percent of their total potential
annual flood losses. The le}.'!L'k' ot protection In these
urban areuas should be increased 1t at all possible

About 90 percent of estimated average annual tlood
damages in the Eastern Dakota Subbasin occurs in the
Big Sioux River. Vermitlion River. and James River
drainages. The losses range from severe on the Big Sioux
to moderate along the James to the north. The flood
hazard along the Big Sioux River increases in mntensity m
a downstream direction and 1s most severe below the
t the Rock River. Although a major local

protection project has been constructed at Sioux Falls.

mouth «

S. Dak.. the residual tlooding is of sufficient magnitude
to warrant consideration of additional measures to
increase the degree of protection. The flood plain of the
Vermillion River in South Dakota and the James River
in North Dakota is primarily agricultural, with few
farmsteads located in the \JHL'_\ However. because of
the extreme duration of most tloods. a significant
portion of a vears agricultural production is lost

whenever overtlow occurs

A Denver, Colorado, home after the 1965 flood on the
South Platte River.

Conditions in the Platte-Niobrara  Subbasin  var
considerably, not only because of the diverse climatic
and hydrologic  characteristics. but also because of
improvements located in the flood plains and the eftects
of reservorrs, diverston works, levees, channel improve-
ments. and related structures. Floods on streams tribu-
tary to the South Platte River, particularly m the Denver
area. have been frequent and damaging. A significant
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Table 120 — EXISTING IMPROVEMENTS FOR FLOOD CONTRCL AND RELATED PURPOSES

Subbasin and Project

UPPER MISSOURI

Box Elder Creck

Canyon lerry

East Bench (Clark Canyon)
Fort Peck

Glasgow

Havre

Jawbone Creek

Lower Marias (Tiber)

Saco

YELLOWSTONE
Clyde Park
Boysen
Yellowtail
Greybull

Forsyth

West Glendive
Shendan

WESTERN DAKOTA

Marmarth
Dickimson
Heart Butte
Mandan-Lower Heart
Bowman-Haley
Scranton
Shadehill
Angostura

Belle Fourche
Cold Brook
Hot Springs
Keyhole
Pactola

Red Dale Gulch

FASTERN DAKOTA

Garrison

Ouahe

Big Bend

Irort Randall
Gavins Point
Marne Creek
Herreid
Jamestown
Turkey Ridge Creek
Green Creek
Richland Creek
Silver Creek
Scott Creek
Fattee Creek
Brule Creck

Gant Creek
Hawarden

Sioux Falls
Upper Deer Creek

PLATTI-NIOBRARA

Chatfied

West Cherry
v ranktown-Parker
Cherry Creek

Project Area
Type! Protected
(1,000 acres)
wWp 1.3
R 20.0
R 30.0
R 120.0
LP ---
LP 0.6
wPp R
R 7.4
LP 0.2
LP
R 854
R 75.0
LP 0.4
LP 0.4
P 0.3
Lp 1.0
LP 0.3
R 20.0
R 19.0
LP 4.1
R 16.5
LP 0.4
R 23.0
R
LP ---
R
LR 0.1
R
R
R 0.1
R
R
R [35.0
R
R
wp 0.2
LpP 4.7
R 3.
wp 6.3
wp 0.6
WP 5D
wp 2.8
WP 1.2
wp 1.2
Wp 7.6
wp 0.4
LP 1.3
LP 0.6
we [.2
R 16.0
Wp o7
wp 4.5

R <L

Yoy reservair, (L P) local protection  Jevee and/or channel, (WP) watershed project

Degree of Control
In Years per
Recurrence
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varies
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Tabte 120 (Cont.)

Project
Subbasin and Project Type!

PLATTE-NIOBRARA (cont’d)

Aurora R
Coalbank Creck WP
Kiowa Creek WP
Brule WP
Cure WP
Seminoe R
Pathfinder R
Alcova R
Glendo R
Guernsey R

Pine Ridge WP
London Flats WP
Angell Draw WP
Arnold Drain WP
Gering Valley WP
Wild Horse WP
Spring Creek WP

Jones Creek WP

Bellwood wp
Schuyler LP
Turtle Creek WP
Sargent Unit R
Farwell Unit (Sherman) R
Madison EP
Hooper LP
Pierce LP
Norfolk LP
Pilger Wp
Waterloo L
West Point LP
Clarkson EP
Upper Salt Creek wp
Oak-Middle Creeks WP
Salt Creek R
Cottonwood wp
Antelope wp
MIDDLE MISSOURI

Bank Stabilization LP
Agricultural Levees LP
Ryan-Henschel Wp
Pony Creek WP
Plattsmouth wp
White Clay Creek wp
Upper Plvmouth wp
South Hungerford WP
Held wp
Floyd River (Sioux City) LP
Blackbird Creek BE
Little Stoux Prev. Proy. wWpP
Little Sioux River EP
Davis-Battle Creek wp
Big Park Creek wp
Mill-Picayune WP
Harmony Creck wp
Omaha, Nebraska |
Council Bluffs, towa LP
Little Papillion Creek 5
Ziegler wp
Wilson Creek wp
Upper Big Nemaha wWp
Brownell Creck wp

FR j reservair, (L Py tocal praotection

Area
Protected

(1.000 acres)

00 ~=
P = == J 1D )
lo O 5 1o

o

s =

5.8
54
1.l
2.3
11.0
16.8
04

Degree of Control
in Years per

Recurrence Prevented
($1,000)
106) 15
25 13
25 42
100-2 9
100-2 2
(Included in Alcova Dam Analy sis)
(Included in Alcova Dam Analysis)
1.000-1 100
1.000-1 280
(Included in Glendo Dam Analysisy
25-2 15
252 15
50-2 X
25-2 14
SO )
100-2 20
100-2 19%
25.2 9
5¢.3 97
1.000 8
25-2 3
8
14 20
100 17
100 21
100 202
100-10 10
250 20
100 20
100 14
25-2 48
25-2 23
1.000-100 413
25-2 49
100-7 17
28.333
100 20.600
25-1 21
25-2 49
100-50 8
100 152
")
25-1 9
25-2 22
150 [.030
SO 7
373
SO (A
21
25-2 28
100-1 148
6
1.000 600
1.000 200
33 234
S0 20
25-§ 139
25-2 227

1(0-50 B

levee and/or channel, (WP) watershed project

Annual Damages
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Table 120 (Cont.)

Degree of Controf

Project Area in Years per Annual Damages
Subbasin and Project Type! Pzotected Recurrence Prevented
(1,060 acres) ($1.000)
MIDDLE MISSOURI (cont’d)
Rock Wwp 2.2 25-1 16
Bee-lay wp 1.2 3
Spring WP 3.6 25-6 37
Mule Creek Wp 1.7 50-5 20
Davids Creek wp 4.8 25-2 44
Crooked Creck WP 2.2 50-2 33
Red Oak LP 0.5 370 23
Simpson Creek Wp 1l 6
Hound Dog Creck wp 0.6 25-2 11
Hamburg Creck WP 0.4 100-2 6
Hamburg Lp 0.9 S0 34
Walnut Creek Wp 6.7 100-2 68
Hoover-F rankum Creek WP 2.3 25-2 2]
Pliatte River Tribs wp 2.1 25-2 4
102 Riwver Tribs WP 1.6 255 6
Okabena & Ocheda akes WP 2.0 25-10 9
Bedtord LP 0.4 17
Atchison L 0.2 1.000 232
Mosquito of Harrison WP T3 25-1 N4
Walters Creek WP 5.3 50-2 39
West Douglas wWp 2:9 13
Pierce Creek #1 WP 0.6 9
Furkey Creek WP 13.8 S0-5 3
Stennett-Red Oak wp 0.9 25-§ 11
Blockton WP 3.4 25 41
Dane Ridge Wp 4.8 25-2 49
Indian Creek Wp L] 24
North Pigeon wWp 1.5 28
KANSAS
Bartley EP: 0.3 8
Bonny R 3 707
Clyde 1P 34
Dry Creek wp 1.4 10
South Dry Creek wpP 1.8 21
F-nders R 3 192
Harlan County R 3 2532
Indianola P 0.1 4
Lovewell R 3 264
Medicine Creek R 3 175
Miltord R 3 4316
Norton R } 3SK
Red Willow R 3 207
Stamtord wp 0 100-2 13
Irenton R } 911
Wray wp .2 10405 13
Abilene | 1.2 (] "
Barnard EP 0.1 100 19
Cedar Blutt R } 479
Glen Flder R 3 2.548
Kanopolis R } | 866
Kirwin R ¥ 1204
Lost Watershed WP | 25-2 IS
Salina 1 13.9 (I 420
Spiliman Creck WP 101 50-2 102
furkey Wp S0 0.2 99
Webster R 3 1.22
Wilson ® } 1 4%3
Bear-Codar Creeks wp 6.5 28-2 82
Big Indian wp 3.1 2§-2 127

LR ) reservoir, (1) local protection
A total of 756,700 acres are protected by all the major reservorrs in the Kansas Subbasin
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Tabte 120 (Cont.

Degree of Control

Project Area in Years per Annual Damages
Subbasin and Project Type! Protected Recurrence Prevented
(1,000 acres) ($1.000)
KANSAS (cont'd)
Bowman Spring wp 6.1 25-2 2
Buckley Creek wp 3.1 2§8-2 15
Clatonia WP 1.8 25-2 29
Cub Creek wp 49 25-2 102
Dorchester Wp 0.8 25-2 21
Fairbury LR (.3 7G 21
I'ranktort [P 0.2 106 100
trish Creek wp 1.5 106-2 74
Lattle tndan Creek Wp 3.9 25-2 14
Mission Creek wp 3.0 25-2 46
Mud Creek Wp 1.5 25-2 47
North Black Vermillion wp 6.7 50-25 227
Plum Creck wp 4.7 25-2 59
Seward LP 0.1 50 3]
Snipe wp 0.9 25-2 4
32 Mile Creek wp 2.8 100-2 46
Luttle Creek R 3 10,141
Upper Black Vermilhon WP 5= 50-25 269
Clinton R 3 414
Lawrence KR 8.0 200 229
Little Delaware Creek Wp [.0 25-2 7
Little Delaware Tribs. WP 11.6 25-2 59
Lower WaKarusa WP S.5 50-2 63
Manhattan LP 1.3 625 336
Nebo Creck wp 0.6 25 7
Perry R 3 6516
Stonchouse Creck LP 3.0 10 17
Stranger Creek P 33
Thompsonville Wp 0.7 25 7}
Topeka LP 8.4 100 8.518
Upper Wakarusa WP 8.4 25-2 93
LOWIER MISSOURI
Kansas Citys EF 204 200+ 27.198
Bunk Stabilization LP: (Included in Middle Missourn)
Agricultural Levees 3% 21.0
Wellington-Napoleon Wp 34
Tabo Creck WwWp 146
Ihomas Hill R
Callahan Creek Wp 25
New Haven EF 9
Grindstone-Lost-Muddy WP 161
Fast Fork of Big Creek WP 5
Panther Creek wp 22
Honey Creek WP 21
Rathbun R 90.0 varies S48
Moulton Creck WP 20
Chariton River LP 39.4 1O0O-50 671
Fast Branch of Blackwater WP 7
South T ork of Blackwater wWp 36
Melvern R 4 S68
Frog Creek wWp 19
Switzler Creck WP 17
Pomona R 4 539
Ottawa LF 0.6 167 366
Iort Scott R 4 256
Stockton R 4 244
Pomme de Terre R + 114
Kayvsinger Bluf) R 2813 varies S39
Bagnell R

LR ) reservoir, (1) Jocal protection  levee and/or channel, (WP watershed project
3N totdl of 756,700 acres are protected by all the major reservorrs in the Kansas Subbasin.
Hactuded with kaysmper Blult




degree ot protection will be provided to the Denver
metropolitan arca by the existing Cherry Creek Reser-
voir and by completion of the Chatfield Reservoir. Major
flooding can still be generated from Bear Creek. Sand
Creek, and other tributary streams. Downstream  of
Denver, Kiowa and Bijou Creeks have experienced very
high tiows. Extremely large discharges have been re-
corded in Bijou Creek. with widespread tlooding on the
South Platte River for a distance of almost 200 miles.
Although large discharges are relatively rare. they indi-
cate the high tlood potential in the plains and toothills
areas of the upper South Platte drainage. On the North
Platte River. no highly destructive tloods have occurred
since the completion of six major reservours. bxtreme
flows have occurred on the uibutaries to the North
Platte. but generally damages have been quite low
because tew vulnerable structures exist on the tlood
plains.

Floods along the Platte River in western and mid-
Nebraska have not caused significant damage. The valley
is wide. and the braided channel occupies a Lirge part of
the flood plain. Major cities located along the Platte are
generally not threatened, but an extieme tlood could
cause serious damage. Losses have been greatest
castern Nebraska because of higher agricultural Tand use
and the ability of the lower Loup and Elkhorn rivers to
generate large flows. Floods i the Loup River draimage
are typically moderate, but extreme discharges along the
lower reaches have caused high damages o areas ot
urban tlood plain encroachment. Floods i the Elkhorn
River drainage occur almost annually. and thew extent is
often aggravated by ice jams.

The Niobrara River drainage has not produced big
tfloods in the past. and there are tew mmprovements ot
high value croplands in the flood plain subject to
overflow. No major urban damages have been reported,
the most significant losses having been suffered by
transportation facilities. While flooding on the Niobrara
is not a major problem, this river is a large contributor of
sediment mtlow to Lewis and Clark Lake which s
located  downstream  trom  the contluence ot the
Niobrara with the Missourt River

In the Middle Missouri Subbasin, just under 3 milhon
acres of land are subject to flooding. In general. damages
on the Missouri River tlood plam are not now large.
because of the control exercised by the mam stem
reservoirs and the degree of protection aftorded by the
agrnicultural Tevees. In contrast, the flood hazard m most
tributary arcas is severe. In the upper portion of the
subbasin, the flood plain area of Perry Creek at Sioux
City. la.. is vulnerable to catastrophic flooding. The
Floyd River channel through Sioux City has been
improved. but rural damages are quite hugh i the
upstream reaches. Other major streams in- this upper
portion which cause serious raral losses are Omaha
Creek. Little Sioux River. Maple River. Bover River, and
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Soldier River. Urban damages are relatively low with the
exception of Missourt Valley. la.. on the Boyer River:
Cherokee. la., on the Little Stoux River:and Ida Grove.
la.. at the confluence of the Maple River and Odebolt
Creek. The flood hazards on Papillion Creek at Omaha.
Nebr.. and Indian Creek at Council Bluffs, la.. are
predominantly urban in nature. The Omaha-Council
Blufts metropolitan area has expanded rapidly in recent
vears, and tlood plains have been and are being
developed tor high-intensity urban use.

Severe urban and rural tlood damages occur through-
out the Nishnabotna River drainage to the east of
Omaha. There is a serious urban flood situation at
Atlantic. la.. but damages on tributaries in the lower
portion  of the subbasin are  predominantly  rural
Portions of St. Joseph. Mo.. and Atchison and Leaven-
worth. Kan.. are subject to damage trom small tribu-
taries. Losses to rural areas m this locale are severe
because of the high agricultural value ot lands and the
concentration of transportation facihities in the flood
plain. Rural damages predominate in the Weeping Water
Creek. Nemaha River. Nodaway River. and Platte River
(Missouri) drainages. Smithville. Moo and other smaller
communities located near the expanding Kansas City’s
metropolitan area have been and will be experiencing
major tlood problems

Conditions in the Kansas Subbasin vary considerably.
with the tlood hazard most severe i the humid eastern
part which contains most of the concentrated develop-
ment. There is hittle intensive development in the upper
reaches of the Smoky Hill and Republican rnvers
drainages. and average annual  tlood  damages are
moderate. however, locally  severe tloods wre ftanly
common. and occasional major tloods cause widespread
damage. Major reservorrs have reduced substantially the
flood hazard along the lower Republican River and along
the lower reaches of the Smoky Hill River and its major
tributaries. the Saline and Solomon rivers. Damages in
the Big Blue River drainage arca are predominantly rural,
but a few communitics are vulnerable. Tuttle Creek
Reservorr has essentially climimated tlooding along the
lower reaches ot the Big Blue. Floods along the Kansas
River and its smaller tributaries account tor most of the
urban damage n the subbasin. even though the major
cities of Manhattan. Topeka, and Lawrence enjoy a high
degree of protection. A considerable part ot the sub-
basin’s economic development 1s concentrated in this
arca. and the damage potential is high m comparison
with other localities

In the Lower Missourt Subbasin, wider tlood plains,
longer duration ot tlood flows. and the existence ot
several sizeable urban developments result i relatively
severe flood problems. Shghtly over one-halt of the area
subject to flooding s located along the mam stems ot
vartous streams. This arey currently sustams almost 60

percent of the average annual flood damages m the




Topeka. Kansas. during the 1951 flood on the Kansas
River.

subbasin. Existing flood control measures on the main
stem of the Kansus River provide a fairly high degree of
;\I\'Ig\{l\ll\ to most areas of the Kansas ( HVs: however.
potential tloods from tributary streams are significant.
For example. along the Blue River (Missouri). frequent
floods cause severe damage to importaint residential,
commercial, and industrial  developments. Floodimg

along the Fishing River and the Little Blue Rives
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less extensive than those along the Missourt River

i

experience moderate 1o se

current conditions, an  average

annual dar

ood

over

is caused by the Missouri Ri

S

[

below Kansas City. out of a total of about S34 mullior

average annual loss in the entire subbasin

Flood Damages

ire based
are dscd

Damage eval

primary  tangible losses that could

s M

be e

R To % |
Npedted

tuture flood occurrences under current economic devel-

1

opment of the tlood plain. and with

CNINt

me pro

works. Average annual damages resulting from

throughout the full range of potential

(frequency array ) were estimated. Damages

flood occurrences provided a basis

i

damages. Estimates were adjusted 1o show

Missourt River

magnitude

trom historic

Wwoestmating tutune
the etfects «
o
-—
-~ -

Kansas City during the 1951 flood on the Kansas River. Floodwater from the Kansas River is flowing from the landside

of the floodwall mto the Missouri River
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existing projects. and projects under construction. which
would imfluence tuture levels of damage.

Three general classifications ot damages are pre-
sented: (1) crop and pasture: (2) other rural: and (3)
arban. For many areas detailed information was avail-
able. while for others hittle or no data existed. For areas
where adequate data did not exist. damages were
estimated by means of comparisons of  generalized
hydrologic. hydraulic, economic, land-use. and develop-
mental characteristics with arcas for which annual
damages were available. The result of the evaluations
presents a comprehensive picture of tangible tlood fosses
and the areas subject to such damage throughout the
Missouri River Basin.

In order to evaluate the relative severity ot problems
in upstream watershed areas, a grouping ot watersheds

was made.

Group Definitions
A Watersheds with high rates of damage. Flood
plains usually exceed five percent of the
total watershed area and are generally de-
voted to cultivated crops and with overtlows
oceurring frequently to occasionally.

* above but with

B Watersheds similar to
moderate
usually amount to three to five percent of

rates of damage. Flood plains

the total watershed arca.

(i Watersheds with low rates of damage. These
watersheds usually have a low percent (under
three percent) of flood plain lands

D Watersheds or tributaries that now have or
will be provided with project measures to
alleviate  floodwater or erosion  damages.

(Residual damages. with project measures in

place. are low.)

The groupings outlined are shown in plate 9.
Table 121 summarizes the current level of flood damages
and areas subject to floods through the basin.

For some urban areas within the basin. special
problems were encountered  with respect to tlaod
damage cevaluation. These areas are significant due to
concentration of higher valued properties subject to
inundation. Plate 10 illustrates the distribution of tlood
damages classitied as urban. Urban  places generally
include any city, town. or community. regardless ot size
Total urban damage under current conditions is esti-
mated at S13.3 million (1960 price levels) annually, or
about 14 percent of the average annual flood damage tor
the basin

In addition to the tangible flood damages which are
subject to direct evaluation. the potential for intangible

and secondary damages exists wherever there is a flood

Y3)

hazard. These include. but are not limited to. loss of hite.
health hazards. and disruption of transportation. Such
effects. obvioustyv. cannot be expressed entirely in tertis
of dollar values. and within the scope of this study no
attempt was made to evaluate them. It should be noted
that. in some circumstances. these losses nmay be of
commanding importance. and they should be given tull
planning. formulation. and

consideration - project

programming.

Streambank Erosion

Channel crosion losses along the larger streams were
classitied as streambank erosion. while related losses
along channels in small dramage areas. due principaliy 1o
local degradation of the channel profile. were classitied
as  gully Sheet
discussed in the Land Resources Availability Appendix

CrOsIOT croston of upland soils s

accurs  along  most

Streambank

reaches of the major streams and along many tributaries

crosion  damage
in the basin. On natural streams. accretion tends to
balance erosion so that the net channel wrea remains
value and

However. the

constant productive

tairly
ability of lands within the resulting meander belt are
aftected. A

where streambank erosion threatens to destron

adversely more critical condition exists

trans

portation factlities or other structures

Streambank erosion along an interstate highway near
Castle Rock. Colorado.

In the Upper Missourt Subbasin. relatively  fow

erosion rates have been experienced along most streams

The more critical problems occur at bridge crossings

where most of the trouble arises durig large tloods. The
most sertous eroston occurs along the main stem ot the

Missouri River and m the Maras and Mk rver dram

dECN




NO. SUBBASIN NAME
UPPER MISSOURI

|

2 YELLOWSTONE

3 WESTERN DAKOTA

B EASTERN DAKOTA

5 PLATTE N1OBRARA
6 M|IDDLE MISSOURI

7 KANSAS

8 LOWER MISSOURI
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Table 121 — FLOOD DAMAGES WITH CURRENT ECONOMIC DEVELOPMENT
AND EXISTING PROJECTS

Flood
Subbasin Area
T [ ap00Aces) |
Upper Missouri 850.4
Main Stems ! 340.6
Tributaries! 509.8
Yellowstone 695.7
Muain Stems 401.6 |
Tributaries 294.| (
Western Dakota 1,.271.0 "
Main Stems 458.6
[ributaries 812.4
Eastern Dakota 1.046 .4
Muin Stems : 515.0
Tributaries | 5314
Platte-Niobrara | 2,348.2
Main Stems 1.331.4
Tributaries 1.016.8
Middle Missouri l 2.857.6
Main Stems [ 1.975.2
Tributaries { 8824
Ko rsas \J 2461.7
Main Stems { 1.107.6
Tributaries | 1.354.1
Lower Missouri 2.769.1
Main Stems 1.419.8
Tributaries 1.349.3
SUMMARY: |
Total Main Stems 7.549.8
(Mo. R. Flood Plain)? (1.558.7)
Total Tributaries | 6,750.3
Missouri Basin ‘ 14,300 1
Totals by States:
Montana 1.350.3
Wyoming 432.7
North Dakota 615.8
Minnesota 86 4
South Dakota 1.513.8
Colorado 571§
Nebraska 3,120.1 |
fowa 1.670.1
Kansas 21849
)

Missouri 7545

Includes drainage arcas of less than 400 square miles.
2included in main stems total.

In the Yellowstone Subbasin, bank erosion is most
significant on the Yellowstone River below Livingston,
Mont.. and along the lower reaches ot the Clarks Fork,
Bighorn, Tongue. and Powder rivers. Along the lower
reaches of such smaller streams as the Shields. Stillwater,
and  Boulder rivers, bank eroston varies widely in
intensity and frequency with the aggregate damage being
quite high. There is chronic erosion at most bridge
crossings, trrigation  structures, and at  varlous
communitics.

In the Western Dakota Subbasin serious erosion
oceurs on the Knife, Heart, Bad. and White rivers and

Crop &

098

Average Annual Damages

D2 { 5911

~ Other 1
Pasture Rural { Urban Total
o (S Thousand)
351 751 | 409 1.517
83 655 | 61 999
268 102 148 518
759 1012 311 2.082
386 703 168 1,257
373 369 143 825
652 1.331 364 2.347
0 609 306 915
652 722 58 1432
3.634 1.746 341 5.721
L2773 373 25§ 2401
1.861 1,373 86 3,320
7.849 4525 3,287 15661
2278 2516 2468 7.259
5571 2.009 822 8,402
9.113 4402 1 454 14.969
4.558 3.144 1.34%8 9.050
4.555 1.258 106 5919
13465 4.929 1,237 19631
2.780 1.076 1,153 $.009
10,685 3.853 84 14622
22,630 5.046 5944 33620
12496 3418 3.849 19.763
10,134 1628 2,095 13.857
24 354 12.494 9805 46653
(8.289) (3.546) (3.928i (15.763
34.099 11.254 [ _1 542 48.895
58453 ‘ 23,748 | 13.347 95 S48
’ |

Q11 1.340 | 6231 2.882
371 871 f 244 1.486
524 l 470 253 1.247
626 204 “ 1 831
2,789 | 2.249 | 338 5376
[.500 g 1,939 \‘ 2.136 Sa0S
13.826 4683 1.653 20,162
4.376 1.380 | 863 6.619
12,435 5.087 13857 18.839
21 S 32,531

the resultant sediment contributions to the main stem
reservoirs on the Missourt River are significant. Signifi-
cant erosion damages also occur along the Missourn River
between Garrison Dam and the headwaters ot Oahe
Reservorr,

In the Eastern Dakota Subbasin. bank erosion is
generally  mimor because of the flat stream slopes
However, the Big Sioux River has soil and slope
characteristics which contribute to streambank erosion.
especially near the mouth of the stream where eroston of
a critical nature currently exists. Erosion is also pre-
valent at the mouths of the James and Vermillion rivers.

1o
o




Bank erosion characteristics in the Platte-Niobrara
Subbasin vary widely due to its large size and the range

in topographic features. In the South Platte River
drainage. damages to high-cost facilities are signiticant
during moderate tlow periods and become quite severe
during major tloods. In the North Platte River system,
erosion damages are relatively low, but some critical
problems arise at a tew communities during high-tlow
periods. In the Platte River system of Nebraska. bank
erosion is a serious and continuing problem. with ice
jams having a major effect. It is most active along the
main stem and such tributaries as the Elkhorn River and
the lower reaches of the Loup River, and is quite severe
in the Logan Creek drainage. In the Niobrara River
drainage erosion is relatively minor.

Streambank erosion i the Middle Missourt Subbasin
is extensive. the erosion rate being relatively severe in
some areas. Erosion is a serious problem in the western
lowa area of loess deposits, particularly in areas adjacent
to the Missourt River tlood plain. Extensive bank cutting
has occurred also along the Nemaha and Little Nemaha
rivers in southeastern Nebraska.

In the Kuansas Subbasin, bank erosion is fairly
extensive. but the rates range trom low to moderate.
Along the Kansas River, about S0 miles of streambunk
are currently subject to active erosion. Bank deternora-
tion has substantially decreased along the Republican
River during the period of major reservoir operation
since about 1952, Active erosion oceurs at scattered
locations along the Smoky Hill. Saline. Solomon. and
Blue rivers.

In the Lower Missouri Subbasin. streambank erosion
is quite widespread but the intensity is refatively low.
The most severe locations exist in three reaches of the
Grand River and four reaches along the Chariton and
Osage rivers.

On the main stem of the Missouri River. bank losses
are limited primarily to the open-river reaches between
the upstream reservoirs and in the unstabilized reach
between Gavins Point and Sioux City. Li.

In addition to these natural streambank  crosion
conditions, detrimental channel conditions have become
significant below many dams. The construction of a dam
frequently causes a change in the stream regimen below
the structure. Detrimental effects include vegetative
encroachments on the stream which deteriorate the
channel and reduce the capacity to convey  flows
released trom the reservoir: degradation ot the stream-
bed. which may lead to unstable conditions: as well as
basic streambank erosion. An example is the reach of the
Missourt River below Garrison Dam i North Dakota. As
the State and local interests have pointed out. the
detertoration of banks i this reach 1s of major concern.

In this case. the State and the Corps ot Engmeers are

cooperatively carrying out a bank stabilization program
in the area aftected

From the comprehensive viewpoint. 1t would be
desirable that anticipated channel and bank stabilization
measures below dams be constructed as a part ot a total
program. However. in some stream reaches attected by
reservoirs, erosion may have been even more severe
betore construction and operation ot the dam and
reservoir. This fact should not preclude undertaking the
necessary measures to control the residual problem.
Such is the case in the tllustrative reach below Garrison
Dam. Even though the extent of buank erosion is now less
than before construction. the problem is of significant

proportions. especially to the local residents of the area.

Reservoir aggradation is another phenomenon asso-
ciated with the construction of dams.  Aggradation
occurs where a stream carrving sediment enters a
relatively stil! reservoir of water. As the velocity of the
stream is reduced. sediment 18 deposited in the head-
waters area of the reservoir. This gradual process creates
a delta which eventually raises the backwater levels
upstream of the reservoir. The higher water surface
elevation in turn raises the natural ground-water level
and aggravates any local flood problems. The remedy for
this condition, at existing reservoirs. is to trap the
sediment behind tributary dams: however. that solution
is often economically infeasible. The alternatives mclude
Jevee protection, ground-water pumpage. or relocation
of the affected improvements. Aggradation is a natural
occurrence inherent with any reservorr project and
should be given full consideration during the planning

process.

Streambank Erosion Damages

A recent assessment of streambank crosion indicates
that there are about 338000 miles of streams, not
including gullies. within the Missourt River Basi. The
omission ot those streams having a drainage arca of less
than one square mile was considered to exclude gullies
Currently. about five percent of those streambank miles
is experiencing erosion and about one percent is clas-
sified as serious  eroston. Some 20 percent of  the
streambank erosion is considered to be serious. Serious
erosion along 11.200 miles of streambanks within the
basin causes average annual damages estimated 1o be
about 5.1 million. About 60 percent of the damage is
attributed to dand and productivity loss. 30 percent to
sedimentation m reservons, and 10 percent to bridges,
irrigation  structures. and urban tacilities. Potential
average annual damages are projected to mcerease o
SE3.60 milhon by 2020 1t no additional protection s
122

provided. Table summarizes streambank  erosion

damages throughout the basin
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Table 122 — POTENTIAL STREAMBANK EROSION DAMAGE WITH CURRENT AND PROJECTED
ECONOMIC DEVELOPMENT AND EXISTING PROTECTION

Total Current

Length of
Length of Length of Sefious . ,\'verage_fAnnuavl i s RN
Subbasin Channels Erosion Erosion Current 1980 2000 2020
(Stream-miles) | (Bank-miles) (Bank-miles) | (S Thousand)
Upper Missouri 110,700 2,600 | 460 | S10 660 930 1.190
Yellowstone 92.700 8.300 | 2450 470 620 870 1.220
Western Dakota 107,200 11.700 [ 1,970 454 620 830 1.110
Fastern Dakota 46.000 3,800 870 357 610 830 | 1,120
Platte-Niobrara 77,700 11.100 1.520 520 800 1.100 1.560
Middle Missouri 33.400 4.900 1.800 1.033 1.540 2.130 2950
Kansas 26.000 5.200 530 1,287 1.800 2410 ! 3.220
Lower Missouri 44 300 5,100 1,600 469 650 900 | _1.230
] 1
Missouri Basin 538,000 i 52.700 11.200 1 5.100 7.300 10,000 : 13.600

Gully Erosion Problems

Gully erosion occurs at widespread_locations and. in
general, the scope and severity increase from the
northwest to the southeast portions of the basin. Gully
erosion and channel degrading account tor a large share
of the land damage in the basin. The process is
accelerated by the lack of vegetative cover and is
ordinarily most severe in cultivated areas of fine-grained
soils in rolling or rough topography. Channel degrada-
tion is the process by which channels deepen and widen
progressively headward in established stream systems. As
the larger channels deepen, tributary drains likewise

deepen.

Gully erosion in Gering Valley, Nebraska.

Gully erosion is presently a minor problem in the
Upper Missouri. Although annual rates of loss are now
low. as land values increase consideration will need to be
given to reducing this erosion

There are localized areas in the Yellowstone that have
significant gully erosion, but most locations are not of
the size and nature to require project action to treat.
Under these conditions, treatment is being accomplished

by individual landowners with assistance from govern-
ment technical and cost-sharing programs. This pro-
cedure also applies to similar areas in the other
subbasins.

In the Western Dakota Subbasin. streams fan out
trom the Black Hills dissecting the foothills and causing
considerable areas of Badlands. These lands do not have
a large enough production potential to readily justify the
use of structural measures of improvement. The rels-
tively low rainfall in the plains tends to commit much ot
this area to range, and proper care of rangeland is the
most economical treatment to reduce eroston. This also
applies to similar areas of other subbasins located in the
less humid portions of the Missouri Basin

The Eastern Dakota Subbasin has a slightly more
significant gully problem, due primarily to the large
glacial plain area which is overlain with loess

Land damage by gully erosion and channel degrada-
tion is serious in the extreme eastern portion ot the
Platte-Niobrara Subbasin. On irrigated lands. losses trom
gullving often have been associated with and accen-
tuated by irrigation water return flows. though current
practice guards against this

The Middle Missouri Subbasin has the greatest erosion
problem in the entire bhasin. Its soils are formed largely
from glacial till overlain by loess materials, generally
lacking an effective rock underlay, and are subject to
deep gullying.

The Kansas Subbasin has some gully erosion, al-
though not as great as that of the Middle or Lower
Missouri subbasins. Land values are frequently high
enough to justify structural treatment.

In the Lower Missouri Subbasin. the most severe gully
action is in the northern portion. Damages per acre run
high in this area. as the land affected 1s generally
valuable cropland. Soil and climatic conditions combine
with past or present land use and erosion characteristics
to produce moderate-to-high rates ot gully growth and
advance




Gully Erosion Damages

In order to identify the different types and severity
of project-type gully erosion problems, the following

criteria were adopted:

damages are cumulative, with httle or no recovery, this

"

rate of damage amounts to over 2 million acres m a
50-year period. The estimated equivalent loss from the
agricultural productivity base during the next 30-yeur

period is 942,000 acres, assuming no future development

Ol nnpm\cmcnls. either structural or nonstructural

Group Definition Potential average annual daiiages are estimated to range
from about S15 million currently to S50 million in the
| Areas with gully erosion critically affecting year 2020: however, much of this loss of productivity
or destroying high value land. Rates of void- can be prevented by effective control measures. Table
ing and depreciation are high. 123 summarizes gully erosion damages throughout the
. . basin
2 Areas similar to the above. but with moderate :
rates of damage, or areas of lower value land
subject to damage. Capability of Existing Projects
3 Areas with low to moderate rates ot damage .
. Data presented in tables 120 and 121 provide a means
affecting moderate to low-moderate value ; oo :
s . tor assessing the etiectivene o current tlood contro
land. Rates of voiding and depreciation are S i e ey R
and related improvements, and for drawing general
usually low. . gt
conclusions as to current needs. Table 124 and figure 60
4 Areas which have remedial project measures show the flood damage reductions made possible by

completed or under construction. control works throughout the basin

I'he groupings outlined are shown in plate 11. Existing tlood-control projects give adequate protec-

Within the basin. about 40.000 acres are damaged tion. up to the hmits for which they were designed

each year by gullies of the size and nature to require However. it should be recognized that the damage-

consideration of project-type action to treat. As these prevention capability of a reservoir system decreases

Table 123 — POTENTIAL GULLY EROSION DAMAGE WITH CURRENT AND PROJECTED
ECONOMIC DEVELOPMENT AND EXISTING PROTECTION

Average Annual Damages

Area Subject %
Subbasin to Damage Current T 1980 2000 | 2020
(1,000 Acres) (S Thousand)
Upper Missouri minor - 1 .- | --- | -
Yellowstone [ 39 281 | 467 756 1.245
Western Dakota | 17 39 [ 33 12 96
Fastern Dakota f 126 476 815 1108 1497
Platte-Niobrara ‘ 97 557 907 1321 1.976
Middle Missouri [ 1,053 8.377 12.700 17,759 24 953
Kansas 169 1.075 1.600 2.362 3.570
Lower Missouri __540 4.649 _6.869 10471 17,029
Missouri Basin 2.041 15454 23411 33849 50366
Table 124 — POTENTIAL DAMAGE PREVENTION CAPABILITY OF EXISTING PROJECTS,
MISSOURI BASIN
Average Annual Flood Damages
Without Current Projects ‘ With Current Projects
Subbasin Current 1980 L2000 2020 Current 1980 2000 | 2020
(S Million)

Upper Missouri 2.3 ‘ 4.4 79 | 152 1.5 29 | 5.2 10.0

Yellowstone L 9.1 | 177 2.1 39 ) 7.1 14.2

Western Dakota 3.2 ‘ 6.0 10.2 18.8 2.3 4.1 6.2 12.3

Fastern Dakota 6.7 13.2 Pl % | 31.3 il 11.3 18.7 0.6

Platte-Niobrara 24.8 44.0 %3 127.4 15.7 27.1 48.5 R34

Middle Missouri 30.1 | 48.1 733 | 112.5 15.0 23.3 RE S0.1

Kansas 303 | 495 82.9 1422 19.6 30.1 445 67.9

Lower Missouri 100.9 158.3 268.6 500.3 3.6 S0.0 76.4 123.8

Missouri Basin 201.0! 3284 550.0 971.4 95.5 1525 241.3 392.3

IDhoes not include about $45 million of downstream, main-stem benefits which have not been assigned to the ndividual subbasins.,
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SUBBASIN NAME
UPPER MISSOURI
YELLOWSTONE
WESTERN DAKOTA
EASTERN DAKOTA
PLATTE - NIOBRARA
MIDDLE MISSOURI
KANSAS
LOWER MISSOURI
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FIGURE 60 progressivel

FLOOD DAMAGES AND CAPABILITY
OF EXISTING PROJECTS
MISSOURI RIVER BASIN projects in place may appear to be high. At first glance
any additional control may seem to be justified solely on

v downstream from the structures. Accord

ingly, the indicated residual damages with  certain

the basis of the extensive areal extent tor which damage
values were computed. However, a more detailed
analysis is necessary to determine if additional protec-
tton is practicable and economical

At major urban centers, flood damage reductions
provided by existing improvements may be termed
adequate even though residual damages appear to be
quite large. For example, at the Kansas Citys urban area
average annual flood damages are reduced over 90
percent by existing improvements. but the computed
residual damages of $6.897.000 are quite large. It is not

practicable to increase the protection levels of the

AMAGE

existing project at the Kansas Citys by local protection

works: however, additional reservoir systems for solving

other problems upstream could result in further damage

IS

reductions at the Kansas Citys. Again. it must

ANN

emphasized that such reservoir systems would not be

specifically designed tor the latter purpose

AVERAGE

Residual damage levels in areas protected by existing
works have been projected into the future in a similar
manner in areas which have no protective works

Residual flood damages in protected areas are projected
to increase substantially. mainly because of the antici-
pated economic growth: nevertheless. the protection
555 =55 er levels expressed i terms of recurrence of flooding would

g 3 E stay relatively constant. Again. the increasing magnitude

Temporary  heightened floodwall at Omaha. Nebraska. during the 1952 snowmelt flood on the Missouri River
E Subsequent construction of five main-stem dams now prevents the recurrence of a similar flood




of these projected flood losses should not be construed
to indicate that additional flood protection is presently
justitied.

Damage to cars and a duplex in Denver, Colorado, from
the 1965 South Platte River flood.

A further scrutiny of existing projects seems war-
ranted. Review of the current situation at certain urban
areas indicates points where the degree of control should

be increased. if at all practicable. As a general guide. a
200-year flood (0.5 percent chance of annual occur-
rence). or greater, is presently considered to represent a
target for assessing a desirable degree of urban pro-
tection. It is recognized that physical and economic
factors may preclude additional increments of flood
protection for the various urban areas. but more study is
warranted. The following table summarized the existing
urban projects for which an additional level of develop-
ment is desirable.

FUTURE CONDITIONS

Flood Damages

A realistic appraisal of flood and related damages
must include an evaluation of future economic condi-
tions. Estimates of future damage levels were based on
economic projections. It was assumed that progressive
economic development of the flood plain from 19653
through 2020 will take place at the same geneidl
rate as in flood-free

areas. The damage estimates

recognize the effects of existing projects but assume

Table 125 — EXISTING URBAN PROJECTS FOR WHICH AN ADDITIONAL LEVEL

Subbasin Stream

Milk River

L. Missouri R.
Belle FFourche R.
Heart River

Upper Missouri

Western Dakota

Eastern Dakota Big Sioux River
Platte-Niobrara

Middle Missouri

Union & Taylor Cr.
L. Papillion Cr.

Kansas Big Blue River

no future improvements, structural or nonstructural, to
control or prevent damage. It was also assumed that
flood and erosion risks will be accepted or ignored by
individuals to the same extent as has been true in the
past.

In estimating the probable future development in
flood plain areas, agricultural production trends, pro-
jected population and emplovment. and projected
growth in income and earnings were used to construct
composite factors retlecting flood damage increases
These factors were applied to the damages under present
conditions to obtain estimates of future damages.

Specifically. the index factors for estimating future
crop and were based on

levels of pasture damage

projections of total realized gross farm income. In urban

Y%,

OF DEVELOPMENT IS DESIRABLE

Existing Degree
of Control
(years per recurrence)

Location

Havre, Mont. S0

Marmarth, N. Dak. 40
Belle Fourche, S. Dak. 20
Mandan. N. Dak. 25
Sioux Falls. S. Dak. 125
Madison. Nebr. 14
Omaha, Nebr 33
Seward. Nebr. 50

Control and regulation of stream flows by Fort Randall
and many other reservoirs provide flood protection in
addition to other multiple benefits.




areas. projections of earnings per employee were used to
develop an index applicable to estimates of future urban

damage

Projection of rural noncrop damages involved a more
complex application of the economic projections. Agri-
cultural noncrop losses are closely related to the
production capability of furms and the capital required
for farm operations. Projections of total-realized gross
farm income were used as bases for estumates of future
damage levels. On the other hand. rural nonagricultural
damages were considered to be more related to the total
economic activity ol the area. Growth tactors for such
damages were obtained from projections of total earn-
ings for the subarea and the subregion. A composite
growth factor was thus developed to estimate future
rural noncrop damages for specitic local areas. In all
cases. growth factors were modified as necessary 1o
permit the best use of data from detatled studies and to

reflect the character of local areas and reaches.

Projections for large urban areas were based on both
economic projections and generalized estimates of the
tendency and opportunity for future development of
flood plain arcas. The procedure provided a basis for
assignment of future flood losses even though damage
under current conditions may be insignificant or non-
existent. While the results for any given city or town
must be considered as being approximate, they do
provide a practical estimate of aggregate urban damages

in the future.

[he application of growth factors to current levels of
damage resulted in projected levels for the benchmark
vears of 198202000, and 2020. Current and projected
levels of dama are shown i table 126.

The results of the flood-damage studies. as sum-
marized. indicate that average annual damages within the
Missouri Basin. in the absence of existing projects. would
rise from about S201.0 million currently (1960 price
levels) to $328.4 miliion by year 19806, $550.0 million
by vear 2000. and $971.4 million by year 20200 The
capability of the existing projects reduces residual flood
2.5 million. 52413 milhion,

losses to S95.5 million, S1

and $392.3 militon. respectively. These 2xisting projects
reduce damages by 33 percent under current conditions
Since devclopment of flood piain areas benefited by
existing projects 1s projected fo ncrease more rapidly
than in other flood plain areas, the degree ot damage
reduction will tend to increase in the future and will rise
to 5S4 percent 1980, 56 percent in 2000, and 60
percent fn 2020,

Fhe information and data presented m this chapter
outline the relative seriousness of the tlood situation in
terms of primary taagible losses lor vanous levels ol

economic  development in the future Ihese losses

il e

The 1953 Flovd River flood at Sioux City. lowa.

include physical damage as well as emergency and other

costs incurred from tlooding. Although these estimates

are generally considered adequate tor plan formulation
purposes (screening of alternatives leading to more
detailed planning studies). it should be recognized that
intangible and secondary duamages  have not beer
included. However. intangibles, such as loss of lite.
health. security. and detrimental etfects on national
defense. must be carefully considered in the planning

Provess

Streambank and Gully Erosion

[t is impracticable to project streambank and gully

14

ing t

erosion patterns and damages resu
same manner as tor tloods. Detatled studies ot relatively
small individual areas would be required to 1 Iy assess
the impacts and long range eftects of erosion In view

this sttuation. the current conditions of ¢rosiot

pank and gully. were used as the bench
determining needs in this functional category The
recent assessment of streambank erosion in the Misso

1ta CXISt 1O andiv Z«<

Basin mdicates that only limited d
the extent and severity of the problem. However
indicate that the problem is widespread. pre
widespread econemic and social consequence

a4 widesranging  program  tor control o

erosion could be in the regional and nationa
view of the limitattons encountered. a realistic approaci
for the future would be to undertake a more detailed
inventory of  streambank  miles subject  to erosion
undertake analytical studies to detine the technical
aspects o erosion as well as tracing the economie and
soctal consequences: and start a testing program through
prototype analyses to determine the vanous Kinds ot
improvements which could prove ettective and what

costs would be requued tor implementation



Table 126 — FLOOD DAMAGES WITH CURRENT AND PROJECTED ECONOMIC DEVELOPMENT
AND EXISTING PROJECTS

Current
Subbasin 1965
Upper Missouri ‘ 1,517
Main Stems | 999
Tributaries! 1 518
Yellowstone 2,082
Main Stems K257
Tributaries 825
Western Dakota | 2,347
Main Stems 915§
Tributaries 1432
Eastern Dakota 5,721
Main Stems 2401
Tributaries 3,320
Platte-Niobrara 15.661
Main Stems 1259
Tributaries 8,402
Middle Missouri 14.969
Main Stems 9,050
Tributaries 5919
Kansas 19.631
Main Stems 5,009
I'ributaries 14,622
Lower Missouri 33,620
Main Stems 19.763
Tributaries 13.857
SUMMARY:
Total Main Steras 46.653
(Mo. River Flood Plain)? (15,763)
Total Tributaries 48,895
Missouri Basin $95.,548
Totals by States:
Montana 2.882
Wyoming 1.486
North Dakota 1.247
Minnesota 831
South Dakota 5.376
Colorado 573
Nebraska 20,162
Towa 6.619
Kansas 18.839
Missouri i 32,531

lincludes drainage areas of less than 400 square miles.
3
“Included in main stems total.

NATURE OF POTENTIAL SOLUTIONS

Flood Control

Solutions to flood problems and measures to mini-
mize flood damages include bot!. structural and non-
structural programs. A review of historical flood data
indicates that total damages continue to increase, even
though a large number of flood control programs have
been implemented. There are two reasons for this
seeming paradox.

First, the continued economic expansion of the

228

Average Annual Damages

S . Projected e
1% | = 2000 1 2000
(5 Thousand)
2,887 | 5,200 ! 10,007
2018 3,833 7,622
869 1.387 2.385
3,671 7,059 14,160
2,268 4619 9464
1403 2440 4.696
4.100 6.205 12,302
1.696 2.912 5.35
2404 3293 6951
11,335 18.668 30.598
4941 8,477 13493
6.394 10,191 17,108
P25 48452 83,353
13,635 27.856 49,797
13.490 20.596 33.556
23,258 34.702 50,100
14,275 22,101 32408
8.983 12,601 17.692
30.126 44 .544 67.904
7.887 12.652 20967
22,239 31,892 46937
50.033 76.420 123.836
29437 45,784 75.802
20.596 30.636 48.034
76,157 128.224 214.904
(23,322) (3€.804) (62.284)
76378 _113.036 177.356
8152.535 $241.270 $392.260
5,252 9637 18871
2,746 4963 10,058
2,249 3617 6.319
1 487 2.190 3.323
10.361 16 515 28.793
10,246 22212 40.536
31,765 48.252 73451
10,538 15935 23.164
29685 44 604 69266
48.106 73.345 118479

Nation results in higher values for property. materials.
and labor so that the value of improvements subject to
flooding also continues to increase and tlood losses
themselves are consequently higher. Secondly. the con-
tinuing economic expansion creates demands tor land on
which new improvements can be located. In many
instances this has resulted in substantial encroachments
on the tlood plains and additional sets of improvements

\llf\[k‘\’l to flood

It is apparent that a need exists for flood plain
management. With proper management of the water and
the land subject to mundation by flood waters. the trend




of increasing tlood damages can be reversed. This is not a
simple task. Studies may be made to determine the best
use of the flood plain lands, recognizing the tlood risk.
but implementation of tlood plain regulations involves
property rights. Thus legal authority must exist to
initiate any planned regulation, and planned regulation
of future flood plain development should be wccom-
plished by all planning groups Federal, State, and
local. This means that planning should not stop at flood
control structures but should incorporate to some degree
land-use analysis. and local requirements for regulation
and management for appropriate flood plain
development.

In order that the program formulation studies would
not be constrained or biased with respect to the
applicability of structural or nonstructural measures, &
basic and limiting assumption was made. The damage
projections presented herein reflect continuing increases
in damage levels as embodied in the historic record and
as anticipated with continuing economic expansion n
the future. Given such a pattern, planners can determine
a framework for the solution of flood problems.
encompassing  both  structural and nonstructural
measures and considering the relative effectiveness of
each.

Application of nonstructural measures would reduce
future flood damage increases. while structural measures
would provide positive control of floods resulting in not
only a prevention of flood losses. but also possible
higher economic use of previously flood-prone areas.
These types of programs together should provide an
optimum solution to the total flood problem.

Structural solutions to flood problems include levees.
channel improvements, and reservoirs. Reservoir control
of the larger streams may be desirable. in many
instances. as the most comprehensive means of reducing
flood losses along these streams and. in addition, provide
a potential for reducing flood damage along the Missouri
River. These same reservoirs may also perform multiple-
purpose water resource functions. Portions of flood
plains subject to flooding by both the Missouri River and
one of its tributaries dictate special treatments. Existing
Missouri River levees which tie back to the bluft line for
protection agamst this common flood threat have been
effective. and similar units may represent the best
solution for those areas which need protection in the
future.

Alleviation of flooding in upstream watershed areas
will require the installation of land treatment measures,
construction of floodwater-retarding structures, channel
improvements, and levees where economically feasible.
This integrated approach must consider flood, sediment.
and other related matters in determining the need for

structural measures and supporting watershed manage-

ment and protection practices.

Streambank and Gully Erosion Control

With the exception of the bank stabilization project
on the Missouri River. most of the efforts to alleviate
bank erosion in the basin have been of an emergency or
temporary nature. The measures utilized generally have
fallen short of actual stabilization of stream channels
Instead. these measures have been aimed at protecting
the most critical area of bank erosion by the use of
riprap or substitutes, or by making local realignments of
the channel itself. To the extent that more permanent
measures may not be economically justified. it can be
assumed that emergency measures will continue to be
used for temporary protection. In fact it appears that
the principal potential for alleviating bank damages on a
single-purpose basis will be installations for critical areas
as the need arises.

The installation of more permanent rock revetments
ic desirable whenever justified by local conditions.
Increases in the economic losses due to future develop-
ment. in combination with possible advances in the
technology of bank stabilization, may provide a basis for
justifying protection of relatively long reaches. Examples
might include new urban areas or intensive irrigation
areas with very high agricultural land values.

The corrections of gully erosion will require con-
struction of grade stabilization structures and installa-
tion of complementary land treatment measures. In
some areas. it will be more effective to construct
multipurpose grade stabilization and  floodwater-
retarding structures to provide the desired protection.
Streamflow regulation is also a possible means of
reducing the effects of streambank and gully erosion.

OTHER CONSIDERATIONS

Several nonstructural measures are possible in the
reduction of future tlood damages. They include land
management and treatment measures, flood forecasting.
flood fighting. floodway regulation. flood plain planning
and zoning. and flood-proofing of structures

In general, land-treatment measures have a potential
for reducing flood and associated problems within local
areas. Widespread application of land-treatment meas-
ures may also have some eftect on main stems and major
tributary reaches. While these measures do not provide a
substitute for structural installations, they do provide a
means for alleviating local erosion and flood losses. They
also complement structural measures. particularly with
respect to sediment problems. In some instances there is
the opportunity to utilize critical and gullied areas for
nonagricultural uses for waterways and tor wildlife.

Flood forecasting and flood fighting provide the
opportunity  for

cmergency measures  to - minimize

damages by evacuation of persons and movable property
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trom areas expected to be tlooded. and by various
emergency  operations  to reduce  the anticipated
damages. Floodway regulation 1s aimed at preventing
development. whether subject to damage or not. that
would adversely attect the passage of tlood tlows. Flood
plain planning and zoning contemplate restrictions in the
use of areas subject to flooding appropriate to the
hazards of such use. Flood-proofing involves appropriate
modification of buildings and other structures and their
contents.

A program was established under the Housing and
Urban Development Act of 1968 to make tlood in-
surance available, eventually throughout the Nation.
through a cooperative effort ot the Federal Government
and the private insurance imdustry. The Act requires that
state and local governments also contribute by adopting
and entforcing land use provisions so as to restrict future
development of land in flood-prone areas. The Flood
Insurance program is designed to meet an insurance need
in flood zones. Through a Federal-business-local com-
munity effort and sharing ot risks and losses, the new
program is expected to provide the needed insurance.
Essentially. the plan is to provide flood insurance. at
subsidized rates. on  existing structures and then
contents and to advise prospective developers ot the
perils incident to building in the flood plain. In addition.
insurance at tull risk premium rates will be available tfor
structures which do not quality for lower premiums.

The foregoing measures have potential application to
the extent that they can be reasonably achieved by
individuad and local action in combination with existing
and future State and Federal programs. While these
measures may tend to restrict the magnitude of tuture
tflood losses. they cannot by themselves eliminate the
need for physically controlling tloods.

Within the context of management concepts, present
legal and institutional arrangements affect the implemen-
tation of improvements, whether of a structural o

nonstructural nature. Caretul review and analyses of

existing arrangements should be made in order to
establish the relative local. state. regional, and national
interest in the various problem areas. Reviews should
cover such items as cost-sharing, sponsorship. [ong-range
maintenance responsibilities, and the competitive inter-
relationships that may exist between potential uses of a
resource. In the nonstructural phases of flood control.
legal and institutional arrangements will govern the
apphicability and implementation ot these managerial
programs

AN OVERVIEW

Ihe analyses ot the flood and related problems are
based primarily on estimates ol expected flood and

erosion losses tor current conditions. Levels of losses in
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the long-term future are based on broad indicators of
economic activity expected to prevail in the future
Accordingly. damage levels associated with flooding and
erosion reflect, tor the most part. historical trends. The
values presented are considered adequate tor initial
framework planning studies. Further refinements and
extension of the present studies will be required to
properly evaluate conditions which include or exclude
any given program considered during the tormulation ot
a specific plan.

In many instances. positive programs of improvement
will result in enhancement of the area atfected. usually
thiough a change in land use, or a higher level ot use.
Measurement of this eftect can be made by determining
the differences in net imcome brought about because
tflood and erosion protection is provided. This protection
must be correlated with the meeting ot other needs. such
as increasing agricultural production through techno-
logical changes and irrigation practices. and providing
additional areas for urban expansion.

Correlation with other problems or opportunities
goes beyond that mentioned and is not directly obvious
from data presented in this chapter. For example. the
value of reducing sedimentation in & reservoir to permil
not only a longer proiect life. but also better water
quality for recreation and wildlife purposes, should be
recognized. The factors discussed are equally applicable
to single-purpose and multi-function programs that may
be developed.

In addition to recognizing beneficial ettects of flood
and erosion programs in total. it 1s also considered
important that costs assoctated with such programs be
analvzed trom a number of viewpoints. Based on flood
losses presented herein and the recognition of other
factors outlined above. the early development of tlood
and erosion control programs may be desirable in order
to be ready for implementation at any time. To assure
sound decisions. the soctal and economic costs ot
implementing or delaying such programs must be fully
recognized. Signiticant tactors include site preemption
escalating land costs, and the construction of high-priced
developments in potential project areas. Vigilance within
the next few vears may save substantial tunds and even
prevent worthy projects from becoming economically

inteasible




WATERWAY NAVIGABILITY

[he Supreme Court has laid down a clear rule ton
determining the navigability of 4 waterway. Rivers are
navigable in law. as in fact. it they are used. o1
susceptible to being used in their ordinary condition. as
highways of commerce over which trade and travel can
be conducted in the customary way by water: and they
constitute “navigable waters of the United States.”
within the meaning of the Acts of Congress. when they
form. in their ordinary condition. by themselves or by
uniting with other waters, a continued highway over
which commerce is or may be caried on with other
states or with toreign countries.

Nearly all rivers that reach the sea form a continued
highway under this rufe and. o aavigable i themselves.
are navigable waters of the United States and under
Federal jurisdiction. The main stem of the Missouri
River from its mouth to Three Forks. Mont.. and certain
portions of many of the principal tributaries have been
designated as navigable in law, although they are not
necessarily navigable in tuct over their total length.

This chapter covers a brief review of navigation in the
Missouri Basin. the tuture of water transportation (1980,
2000, and 2020) on the Missourt River. the adequacy ot
the existing navigation project to meet present and
future needs. and the resultant Missourt Basin navigation
peeds. This information is provided for background
vather than a delineation of tuture needs. In consonance
with the basic structure of the study. projects in
operation and water uses in being were assumed as a
depletion of surtace flows and not included i planning
needs. 1 is recognized that additional future depletions
may affect navigability  of the Missourt River and
adjustments required.

HISTORY AND PRESENT STATUS OF
NAVIGATION

The Missourt River has a length of 2316 miles, 4
drainage area of approximately 529,000 square miles,
and o total fall of about 3.630 teet. From its headwaters
to the vicmity of Great Falls, Mont.. the river valley i

gorge-like i character and  the surrounding  area is

CHAPTER 8

NAVIGATION

mountainous.  Sloping terrace lands and  local “bad
lands™ are charactenstic topographical teatures between
Fort Benton., Mont.. and the viciity of Yankton. S
Duk .. a distance of about 1.267 miles

From Yankton to the mouth. the river flows through
rolling plains. except tor a short distance where 1t skirts
the Ozarks highland region of Missoutt. Shortly after
Lewis and Clark blazed a trail up the Missount in 1804,
steambouats were utilizing the nver from St Louis to
Fort Benton. Mont. The nver served the pioneers as a
natural route of communication and the principal artery
of tavel into the northwest until the faster. more
flexible railroads with dependable schedules torced the
decline ot early day steamboat river trattic. In the
tollowing paragraphs the development and present status

of navigation are discussed m subbasin ordes

Yellowstone River

The Yellowstone River was at one time used as a
navigation  waterway throughout the reach between
Billings. Mont.. and the mouth. near the headwaters ot
the present Garrison Reservoir. As a result of such use
by vessels engaged mointerstate commerce. the nver
acquired the status of o waterway of the United States
Improvement of the Yellowstone River tor navigation
was started in 1879 and was continued until 1899 The
work consisted of closing chutes. removal of snags, trees.
boulders. and simtlar obstructions, and pver regulation
by use of wing dams and mmpermeable dikes. In 1910 the
Burcau of Reclamation ot the Department of  the
Interior constructed an ungation diversion dam: across
the Yelowstone River at Intake. Mont.. (mile 71.8)
without the inclusion of a navigation fock structure. This
dam s now the pracucable head of navigation on the

Yellowstone River and s so considered by the Congress

Big Sioux River

I'he Big Stoux River is considered to be navigable tor
a distance of about 4 miles above its mouth. Histoncally
there has been no signiticant commercial navigation

along this stream. nor has there been any expressed
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interest in its development. excepting tor the authorized
harbor project near the mouth at Sioux City. la. A
report completed in 1967 concludes that a commercial
navigation harbor improvement is no longer economi-
cally feasible under prevailing navigation practices, and
recommends that the project be deauthorized.

Kansas River

Although considered a navigable stream by the
Federal Government. the Kansas River was declared a
non-navigable stream by the Kansas Legislature by an act
approved February 25, 1804, (State of Kansus Session
Laws. 1804, Chapter 97). The 1864 Act favored the
coming of railroads “and authorized railroads and bridge
companies chartered under state laws to bridge or dam
any river without restriction.” The law was repealed in
1913 (State ot Kansas Session Laws, 1913, Chapter 259)
because of litigation and the recognition that on any
navigable river which is a property ot the State. the State
can collect royalties from sands, oil. gas. gravel. or other
minerals taken from the lands lving in the bed of the
river.

In September 1963 the Corps of Engineers was
directed by the Congress to restudy the Kansas River
the mnterest of navigation from the mouth to Lawrence.
Kan. There was considerable interest expressed in the
study by potential shippers and receivers of freight.
particularly prospective shippers of grain from as ta
upstream as Saling on the Smoky Hill River. Several
organizations supported the study but reserved comment
until its completion. The Kansas Water Resources Board
questioned  limitations as to an adequate water supply
tor maintaining a navigable channel and the adverse
effect on lands in the valley it a slackwater channel is

msidered. The Kansas Railroads” Committee on Flood
Control and Water Conservation opposed navigation. It
submitted a detailed engineering study and reported on
considerations for navigation on the Kansas River in
support of therr conclusions that navigation between
Karsas City and Junction City would be infeasible and

impracticable

Blue River
The Blue River is a rnight bank tributary of the
Missourt River at mile 356.9. The Blue is considered

sable from its mouth to Guinotte Dam. a distance ot

about 4 miles. The channel is not navigable in fact and
there 1s little hikehihood that it will ever become so. even
15 a port facility tor Missourt River barge traffic. The

Armco Steel Company has provided dockimg tacilities on

the right bank of the Missouri River near the mouth ot
the Blue River

Grand River

The Grand River. which rises in Southwestern lowa
and joins the Missouri River at river mile 2499, 1
considered to be navigable to Brunswick. located 3 miles
above its mouth. Above this point the stream valley is
interlaced with a network of ratlroads and highways
Local interests have indicated a desire to establish harbor
facilities at Brunswick in connection with navigation on
the Missourt River: however. no formal request to

investigate this problem has been torthcoming.

Lamine River

The Lamine River. with tts major tributary. the
Blackwater, is a right bank wributary ot the Missouri
River at mile 205.5. Although considered to have the
status of a navigable waterway from its mouth to
mile 14, the Lamine 1s considered to be non-navigable
except for small cratt used in connection with com-
mercial fishing and recreation. There has been no
indicated local interest for the establishment ot a boat
harbor at or near the mouth of the river.

Osage River

The Marais des Cygnes-Osage River rises in east-
central Kansas and tlows easterly and southeasterly 190
miles to the Kansas-Missouri state lne. thence east in
Missouri 306 miles to its junction with the Missoun
River. 129.9 miles above its mouth. The Osage River is

considered a navigable stream from the mouth to

mile 172 near Warsaw . Mo_, although the construction of
Bagnell Dam (mile 82) without locks divides the navi-
gable portion into two reaches. A lock and dam at mile
12.1 was provided and was maintained unul 1955:
however, with the cessation of commercial navigation.
the Federal propertv. including the lock and dam
structure. was declared surplus and sold to non-Federal
interests. Although the dam is still m existence. the lock

is inoperable and permanently open to streamtfow.

Gasconade River

The Gasconade River rises o Southern Missourt,
flows northerly m a tortuous course 200 miles to a
confluence with the Missouri River. 104 miles above the
mouth. It is a navigable waterway of the United States
from the mouth to Cooper Hill. mile 394 The fust
mprovement work by the Government i the mterest ot
navigation began m 880 with the removal ot snags up
to Arhington. Later. this work was supplemented by
open-channel improvement at the shoals. utihzing the

natural flow 1o the best advantage by the construction
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ot wing dams and other works. Prior to 1900 the tratfi etween rather low b 1 v
WS cat ay S0.000 tons per vear. Since then it ha eparated by 1
b " teady dechine and. with the exception ot the bunks consi
Coit ivard  hartbor, < m 1wl tratta ha which p 1
[ fed 1O 1 !
. U\ | ()
Missourit River Main Stem B ) '
WL nal val |
A ook mte past events will assist i understanding lmprovement ot the M R
today onditions and  projecung  the possibilities of bank stabilizaton and na ‘ Stoun (
ture d prent to the mouthi, w | R
IThe tist Federal expenditunes tor niprovement to Harbor Act ot 312wl
i wde m 1824 when tunds were securing a4 navigable | )
5 During the latter t of the 300-toot mnmmum width. T
Nperimental work on the stabiliza in the earlv 1930
 provision of g more adequate grating the numerou wll. shallow
navigable channel was undertaken at scattered locations natural rver mto or !
4 In ats natural state. the Missourt River meandered channel
g

Integrated bank stabilization works and reservoir operation overcome bank crosion and regulate flows permitting

navigation
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been shaped mto the proper alinement. the channel was
finally stabilized by revetment of the newly established
hanks

In addition, six multiple-purpose dams and reservoirs
located on the main stem above Yankton. South Dakota.
have been \'Hlll;‘lk'h‘\l ['he Fort Peck Reservour. about
186 river miles upstream from  the  Montana-North
Dakoty state line. was authorized by the 1935 River and
Harbor  Act. primarily tor navigation. The Garrison,
Ouhe. Big Bend. Fort Randall. and Gavins Point reser-
voirs were authorized by the 1944 Flood Control Act as
part of the general comprehensive plan for the Missouri
River Basin. This Act also moditied the authorization for
the Fort Peck Reservoir to provide for full multiple-
purpose operation. While developed primarily for the
four hasic purposes of flood control. wrrigation. hydro-
electric power production. and navigation, these reser-
voirs also are of signiticant value from the standpoint of
municipal and industrial water supply. improved stream
sanitation. tish and wildlite conservation, and recreation.

fmprovement of the Missouri River in the interest of
flood control and bank stabilization tor an 18-mile reach
of river extending from Sioux City, la.. to Miners Bend.
Nebr.. and S. Dak.. was authorized by the 1941 Flood
Control Act and moditied by the 1948 Flood Control
Act. This mmprovement. consisting of dikes. revetment.
and channel improvement. was completed in 1961, It
would require only minor moditications to be effective
it navigation were to be extended upstream from Sioux
City

A report completed in 1965 was concerned primatily
with navigation and bank stabilization for the ceach of
the Missourt River from Sioux City to Gavins Point
Dam. Appropriate consideration also was given to other
related problems. including the possibility of extending
navigation via the James River. There are 78 miles of
open river between Sioux City and Gavins Point Dam.
Between Gavins Pomnt und the Montana-North Dakota

state line. a distance ot 775 milas. the main stem
reservoirs oceupy abeut 660 Tmear miles of the valley
Studies of the area indicate that erosion prohlems
apstreans from Gavins Pomnt are localized. that the more
significant  problems are being  corrected. and  that
mavigation into this area is not economicalty justitied at
this time. A plan of development which was physically
and economicatly teasible was formulated to provide
extension of navigation to Yankton, protection against
erosion i the reach from Sioux City to Gavins Point
Dany. and development of associated fish. wildlife, and
recreational values. The report covaring this mvestigation
s not yet been submitted to the Congress

v study to detcrmime the factors imvolved m con
verting the presently authorized 9-foot open-river navi-
gation and bank stabilization project 1o a slackwater
svsten by use of loeks and dams. mcluding hydroelectnie
power-generating facilities in the system wherever practi
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cable, was authorized by the Congress in September
1959, The specified study reach extended from the
mouth of the river to Yankton. S. Dak. Followimng 4
series of public meetings at seven of the larger com-
munities along the river from Jefterson City. Mo.. 1o
Bismarck, N. Dak.. it was concluded that the study
should not be continued at this time.

The navigation system is shown in color on figure 61

PROJECTIONS OF MISSOURI RIVER
COMMERCIAL BARGE TRAFFIC

With the foregoing gencralizations as busic considery-
tions. the tramework study of present and tuture needs
for navigation in the Missouri Basin must translate the
generalities into specific values in time and tonnage i
order that the conclusions may have practicable signitfi-
cance. The present needs are reflected. and probably
adequately expressed. in the available ton-mile statistics
The values. now available for a period of more than 4
decade, not only present factual data for recent vears
but also may be used as a basis of forecasting future
needs and attainments. However. data such as the
ton-mileage historical records do not represent a simple
time-tonnage  relationship.  Many  other mfluencing
factors enter into the equation, with the result that the
validity of a purely statistical treatment becomes the
mote questionable as the tune component is extra
polated. Theretore. it is advisable to use several
approaches to the problem.

Of the several alternative techniques used. the charac-
teristics and limitations  of available data  become
primary factors in determining the approaches selected
Some of the techniques vielded single-value estimates ot
future traffic. while others provided a range of high.
medium. and low estimates. Major emphasis was devoted
to developimg projections to 1980, but estimates to the
year 2020 are also included. since they are required tor
long-range planning purposes. Any projections extending
that far into the tuture are subject to many unknowns,
and must be considered  highly  tenuous. Thus, the
projections tor 2000 and 2020 essentially represent
extrapolations of the 1980 estimates. These projections
are intended to depict the likely direction and rate of
change rather than the absolute level of future water-
borne tratfic. Pertodic reevaluation and revision ot the
estimates. taking into account changing conditions, will
be essential

Missouri River barge tratfic projections to 1980 were
based on four methods mcluding (1) parabolic extra-
polation of the ratio of barge tratfic to the gross product
originating in the multi=state Missouri Basin, applied to
the Plﬂl\'\lcxl Missourt Basin gross “lndll(l tor 1980:(2)
application of the projected rate of growth m total
United States commercial waterway trattic to trattic on
the Missourt River, (3) allocation ot projected total
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United States water traffic to the Missouri Basin on the
basis of projected trends in the Missouri Basin-United
States barge traffic relationships: and, (4) linear regres-
sion to 1980 of Missouri River historical trends, using
alternative base methods.

Projection for 1980

The projection technique employing the relationship
between ton-miles and gross product originating in
Missouri Basin States has the greatest economic validity.
since 1t reflects basic forces of demand and supply. The
gross product originating in the basin must be transter-
red to its point of usage. either as a productive resource
or end product. The supply side of the transportation
market is, of course, provided by the various available or
possible future transportation methods. With an increase
in demand. if market requirements are to be met with
little or no change in per-unit costs, supply must also
increase. The shift in supply for barge traffic is assumed
to increase at a decreasing rate. This is consistent both
with historical trends as shown in table 127, and with
the technoeconomic outlook for the transportation
modes previously discussed. These considerations tend
to support the gross product approach as the most valid.

Table 127 — COMMERCIAL BARGE TRAFFIC
ON THE MISSOURI RIVER

Year | Length of Season Tonnage Traffic
(Months) (1,000 Tons) | (1,000 Ton-Miles)

195§ 7 435 186.291
1956 7 319 132614
1957 7 260 99.710
1958 7 596 242 986
1959 T 843 380475
1960 5 1.441 658818
1961 6-1/2 1.567 695,366
1962 | 8 2.210 659.843
1963 | 8 Pr b 888.323
1964 8 2:352 1,077,543
1965 8 2,272 1.003.035
1966 X 2,557 1.167.947
1967 R 2.590 »

“Not available

Projections for 2000 and 2020

[rends among economic factors mfluencing barge
traffic flows on the Missouri River suggest that a
declining rate of traffic growth can be expected for the
future. The projections for 2000 and 2020. approxi-
mated by a logistic function. reflect this declining
growth pattern. After finding the upper limit. the
specific projection values for 2000 and 2020 were

determined as regressed logarithmic percentages. It was

found that. in each case. projections for the year 2020

were essentially 100 percent of the upper limit: there-
fore. the limit itself was used for the projection value.
Curves were derived for high., medium. and low values
based on the historical data and the adopted projection
for 1980. The projections are summarized, together with
historical data, in table 128. Traffic projections for the
years 2000 and 2020 are essentially extrapolations of
the historical and 1980 trends.

Data from the table have been consolidated into
figure 62. in order to reflect the average projected traffic
values. The resulting curve (averaging the high. medium.
and low projections) is recommended for use in tore-
casting the future needs for navigation on the Missouri
River below Sioux City.

The projections as derived should not be construed as
firm forecasts of actual occurrences, but rather as likely
ranges of probabilities provided that present and
previous economic, political, and social trends and
preferences continue to operate in the future as they
have in the past. On the other hand. it may be found
desirable to develop water resources in a manner
differently from what has occurred previously. If so.
these projections, which are simply tools or inputs for
the planning process, may provide valuable guidance
concerning reasonable expectations of water resource
needs ror commercial navigation purposes.

ADEQUACY OF THE EXISTING MISSOURI
RIVER NAVIGATION PROJECT

The navigable channel of the Missouri River is a major
artery of the Mississippi River system. which is con-
nected with the Great Lakes and the St. Lawrence
Seaway and with the Gulf Coast. Traffic surveys in 1950
indicated four million tons annually to be potentially
available for commercial transportation on the river
between Sioux City and the mouth. This estimate was
increased to five million tons in consideration ot tuture
development. During the four-year period from 1954
through 1957, commercial tonnage averaged 330.000
tons annually. During the recent d-year period. 1964
through 1967, commercial tonnage has averaged over 2.4
million tons. or an increase of about 700 percent
Tonnage figures for 1967 by commodity. upbound and
downbound, are shown in table 129. An historical
record of upbound. downbound. and total tonnage is
shown in figure 63

About two-thirds of the total present traffic is
downbound farm grains, which account for 90 percent
of the downbound traffic. Upbound traffic is comprised
chiefly of  chemicals. nonmetallic minerals.  food
products. stone products, petroleum products. and metal
products. During the past tour years, this upbound
traffic has almost doubled in tonnage and in its relative
importance to the overall traffic pattem.




Table 128 — COMMERCIAL BARGE TRAFFIC ON THE MISSOURI RIVER AND U.S. INLAND WATERWAYS
FOR 1960 AND 1964, WITH PROJECTIONS (MILLION TON-MILES)

~ Historical Projected O LA
Geographical Unit 1960 1964 Value 1980 2000 2020
Low 1.925 2.300 2.500
Missouri River! 659 1.078 Medium 2,608 3.200 3.300
| High 2 886 3.300 3.500
| Low 306.000 487.000 | 3
U S. Inland Waterways? 220.000 250,000 Medium 447000 900.000 | 3
High 663.000 1.702.000 3

ISource: Developed by Midwest Research Institute. Historical data were adjusted from data reported in Waterborne Commerce of
the United States. part 2. U-S. Army Corps of Engineers, various years.

2lncludes the Great Lakes. Source of data: Historical from Statistical Abstract. Projected traffic from Hans H. Landsberg.
Leonard L. Fishman, and Joseph 1. Fisher, Resources in America’s Future, Johns Hopkins Press, Baltimore. 1963, pp. 137-42.
651.

INot avaiiable.
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Table 129 - MISSOURI RIVER COMMERCIAL TONNAGE 1967

1
Sioux City to Kansas City Sioux City to Mouth
Commodity | LUpbound j, Downbound | Total | Upbound | Downbound Total
T B K | | e T e S A
Farm Products (Barley . Rye, Corn, Wheat
Sorghum Graims, and Soybeans) 0 552,139 0 1.557.512 1557512
Nonmetaltic Minerals (Phosphate Rock
and Salt) [03.025 ( 13.025 157.780 0 157.780
Food and Kindred Products (Tallow, Wheat I'lour
Animal Feed. Molasses, and Soyvbean Oil) 146 699 136.232 382 931 146 699 36.232 82 9
Lextile Fibers (Twine) 800 () SO0 [ 600 (i 1 6001
Paper and Allied Products (Standard Newsprint) ‘ 6211 (0 6.211 6211 ) 6.21
Chemicals (Caustic Soda, Benzene, Paint,
and Lertihzer) 2] 936 IR 235220 377.627 184 280911
Petroleum Products (Gasoline. Fuel O1l
and Naphtha) () 0 | ) 88418 13060 101 478
Stone and Clay Products (Cement, Lime,
and Muatenalite) 122.474 0 22 474 122474 122474
Meial Products (from and Steel Bars, Plate
Pipe. and Scrap) 27.001 0 27.001 77.07¢ 1.770 78 . K4¢
Machinery | 1] 245 245 ) 745
| — s e Ueee T . oy W
TOTAL | 638146 691.900  |1.330.04¢ 877.885 | 1 D 590 4881
VGrand Total, upbound and downbound, Missouri River.
Small grain production in the Missouri Basin was How much grain will reach the nver ports m light

40 million tons mm 1964 This is expected to increase to
72 million. 91 million. and 118 million tons by the years
of 19850, 2000, and 2020, respectively. The Missouri
Basin will undoubtedly remain agriculturally orented.
and it so. downbound grain shipments will continue to

dominate the barge tratfic commodity shipment pattern

future transportation mode changes and mnovation

conjectural. Based on the projections given previousiy

the capacity of the existing navigation project s ¢
stdered 10 be ‘1\1\'-’,‘1‘113 to accommodate both dows
bound and upbound barge shipments to the year 202

Harbor Facilities At The Kansas Citvs
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WATER REQUIREMENTS FOR MISSOURI
RIVER NAVIGATION

There is no single flow rate that can be specified tor
navigation on the Missouri River below Sioux City
because requirements vary with hydrologic changes and
because deficiencies in flow can be offset to some extent
by more extensive dredging in critical locations. On the
basis of storage availability in the main stem reservoirs
and from operating experience. indications are fairly
firm that flow rates of 25.000 31,000 c¢.fis. at Sioux
City and 31.000 41.000 ¢.fs. at Kansas City will
permit  satistactory  9-foot navigation with nominal
dredging.

Regulation of the upstream water supply can. for the
most part, support navigation on the existing project
below Sioux City. The upstream programs (assunied to
be operative for regulation purposes) will have to be
evaluated within the total tramework plan betore final
conclusions can be reached as to meeting the future

demands for water in support ot downstream navigation.

MISSOUR! BASIN NAVIGATION NEEDS

Recent studies indicate that extension of the up-
stream limit of navigation from Sioux City to Gavins
Point is economically feasible. This can be accomplished
by extending the existing project upstream. contracting
the width somewhat, and requiring tlows at Yankton, S.
Dak.. of about 5.000 c.f.s. less than those required at

Sioux City. The average releases from Gavins Point

during the navigation season would have to be increased
only about 500 ¢.t.s above the present releases I'he net

effect of such operation would be to reduce power

gencration in the winter. ncreasing it i the summet
with power revenue losses approximating 5]1.000
annually. The necessary increase in release rate and the
relatively small losses of power revenues are not con

sidered to be of major significance

These samie studies indicate that. although inland
navigation could be extended upstream from Yankton
either by lockage of the main stem dams or use of the
James River as a route into the upper part of the basin.
there is no apparent need for movement of commodities
by this mode of transportation. If future economic
tactors lll\‘\lll) current projections ot CCONOMIC dCtvity
in the upper basin. consideration then could be given as
to the need for extending navigation mto the upper
Missouri Basin. In addition. possible needs are indicated
for providing navigable channels on the Kansas River
below Turner. Kans.. and on the lower 3 miles of the
Grand River. Existing water supplies are adequate 1o

support such improvements.

In summary. navigation in the basin is holding its

own: the future seems to offer no great potential for a
large growth. It is basically sound. and m its present level
of maturity it serves to help stabilize other modes ot

ed

transport. On this basis. and because of the mte
aspect of the channel and tlood plain development. the
future of navigation seems protitably and regionally

beneficial




CHAPTER 9

WATER QUALITY CONTROL NEEDS

Abundant supplies ol clean water are necessary o
support the American way of lite. One key element to
the effective management of water supplies for the
beneficial use of man is the preservation and enhance-
ment of the quality of waters in rivers, lakes. streams.
and in ground-water aquifers. All water uses have a
minimum quality requirement below which the water
has limited value.

The many purposes that water serves are known as
“beneficial uses.” These include domestic water supply.
industrial water supply (including cooling water). agri-
cultural water supply (including irrigation). stock and
wildlife watering (including refuges for waterfowl).
propagation of fish and other aquatic life. swimming.
bathing and water contact sports. boating and aesthetic
enjoyment. water power. and navigation. Most waters
have the potential tfor more than one use. although
competing uses. institutional barriers, or pollution may
limit such multi-purpose development.

Municipal drinking water supplies are judged in
relation to the Public Health Service Drinking Water
Standards based on bacterial. physical. and chemical
characteristics. Industries are generally willing to accept.
for most processes. water that meets drinking water
standards. All recreational uses and especially swimming
or similar whole-body contact sports require a water ol
high bacteriological quality

GENERAL WATER QUALITY NEEDS
AND PROBLEMS

This analysis of the needs and problems related to
water quality management is bused on the situation as of
1965 and economic projections. The data available vary
from farily complete information regarding municipal
waste loadings and treatment facilities to very limited
waste loading data for industrial and other sources. The
etficiency of existing wastc  treatment facilities was
estimated on the degree of treatment provided. assuming

continued good maintenance and operation

Where data were not available. such as those ton

agricultural wastes and thermal discharges. estimates
were made of existing situations and projections made
for the future. The planning criteria adopted for the
study established the water quality planning goals.

Determining water quality goals is @ matter of public
policy. Health is still a major consideration i water
quality management. but safe water for drinking is no
longer the sole consideration in water quality control
The overall costs of water pollution prevention and
control must. therefore, be weighed against the overall
benefits. In an increasingly crowded world. a high degree
of effective treatment of all wastes represents a mini-
mum approach to most water quality management
problems. Already on the horizon is complete waste-
water renovation in an ever-increasing number ol

sSituations.

Expanding population and the consequent pressures
on national water resources have led inevitably
Congressional actions. Eatlier efforts to confront watel
problems were further updated at the national level by
the Water Quality Act of 1965 and the Clean Wate
Restoration Act of 1966. In this legislation. Congres
established as a policy . 1O récognize, proserve
protect the primary responsibilities and nights
States in preventing and controlling water poll
support and aid  technical research relatu
prevention and control of water pollution
provide Federal technical services and finan
State and interstate agencies and 1o municy
connection with the prevention and cont
" The Act further states that “\
this Act shall be construed as impairing

pollution

affecting any right or jurisdiction o N\
respect to the waters (including

such States.”

To turther maplement
mony with the nati
water  quality
accepted by the Fed {
{objectives) han
waletr
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Clean streams in a pleasant environment provide enjovment for the entire family.

MAJOR TYPES OF WATER POLLUTION

Changes in natural water quality may be attributed
directly to man’s uses of water and indirectly to his
activities on the land trom which natural runoft 1s
derived. The primary waste sources are domestic. agri
cultural. and industrial return tlows. At present domestic
and industrial wastes receive varving degrees of treat
ment betore discharge. Most ot the wastes from agri
cultural activities and surtace runoff enter the waterways
without treatment

Industzial wastes vary. Jdepending on the type ol
industry. and present a broad spectrum of pollution
problems. Mining and  chemical plant wastes olten
contan toxic substances. including radioactive material
Food processing plant wastes have high organic loadings
Some industrial plant wastes include ot and other
dearimental msoluble materials. Other industries require

farge amounts of water tor cooling purposes. such as the

generation of thermal-clectric power. The higher temper
atures of return tlows trom these plants may signifi
cantly aftect the biologic regime ot streams

Currently. the consumptive depletion ot surtace
water in the basin s about 7 milion acre-teet. At the

prient and rate ol use accounting

present stage of devel

for such depletions, the average annual outtlow trom the
basin at the mouth of the Missourt River is about 33.6
million acre-teet. This imndicates a natural water supply ot
65.3 million acre-feet. Distegarding the ettects ot ramtall
and assuming a salt balance and no depositing ot
dissolved solids due to evaporation. 1t is estimated that
the dissolved solids concentiations m the surface-watet
outflow have been mareased about 20 percent. to a level

i about 390 me |

Streamtlows  contamn  dissolved  solids  contnibuted
through natural overland runott and ground-wats
ton. Any consumptive d pletion of waltc
dissolved  solids  concentration in the residual fow
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Return flows from 7.4 million acres of mrrigation are also
a contributing factor in the streamflow dissolved-solids
concentrations. lrrigation return tlows must convey the
content of salts in the water applied back to the streams
to prevent damaging salt accumulations in the soil
profile. In addition, there may be some leaching of
accumulated salts and fertilizers from the soil. Agri-
cultural operations also are contributors ot pestcides.
tertilizer nutrients, and silt loadings. Farm animal wastes
may seep into aquiters or enter streams or lakes in
surface runoft. Over-fertilization ot some  lakes and
reservoirs by morganic nutrients, such as nitrogen and
phosphorous  compounds. has speeded up the aging

process Known as eutrophication.

Biologic and Organic Parameters

Biological agents may be  primary  pollutants or
corollary pollutants. Primary pollutants comprise biota
that are added directly to water as the result of man’s
activities: for example, enteric bacteria or viruses from

sewage or animal wastes. Corollary pollutanis rzpresent
indigenous living  matertal  that  mterferes  with  the
beneficial uses of water. either I‘_\ natural proce ses and
growth. or. by stimulation from man’s actvities. A
typical example is the algal blooms stimulated by
nitrates and phosphates from waste discharges

Organic waste matter and some of the complex
mineral portions of these substances are utilized as
sources of rergy by a succession of living things. The
decomposition. = 'ecay of such matenals may be either
by aerobic or anacrobic  processes. Whenever waste
loadings are added to a stream the dissolved oxygen in
the water is reduced and this reduction may become
critical to aquatic life. Bacterial and organic pollutants
are largely contributed by decaved organic material,
such as vegetation. and fecal material from man and
warm-blooded animals.

T'here has not been a systematic program for obtain-
ing arca-wide biologic and dissolved oxvgen data. There
have been studies on the South Platte River. the Blue

River. and other rivers. including the Missouri. Other

’
-

Food processing plants, such as this sugar beet plant. are potential sources of stream pollution.




data that are available have been obtained in association
with limited problem areas.

Inorganic Materials

All flowing or percolating water contains dissolved
salts picked up trom the soil and rocks of the earth’s
mantle. The soils of the high plains area in western
portions of North Dakota, South Dakota. Nebraska. and
Kansas make major contributions to the dissolved solids
buildup of surface waters. Salt concentrations (TDS) are
increased when there is a consumptive use of water
without an accompanying use of the salt. as for

irrigation.
A change in the chemical quality may result from

seasonal effects or periods of heavy usage. During
periods of ice cover or extreme low flows. the basic
stream flow may be derived from ground water with
different quality characteristics. This occurs in many of
the smaller streams of the high plains.

Water quality data (chemical) have been obtained
trom many sampling stations in the Missouri Basin. on a
continuous basis, since 1951. These basic data and
projected depletions were used in estimating total
dissolved solids concentrations in future water supplies

An area of increasing concern is that of agricultusral.
domestic, and industrian chemicals as a source of water
pollution. The pollution problems related to fertilizers.
pesticides, and other commercial chemicals. have not

been tully evaluated.

Large cattle feedlots add to the pollution problems of the basin, and measures have been initiated to accomplish

effective control.
Sediment

I'he Missouri Basin is a diverse arca. varying from flat

and including non-drainage lands. to high mountains;
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from highly crodible soil to rock:and tfrom subhunud to

semiarid  climate. Within these general physical diver
sities, there are arcas with special localized charag
teristics. Thus, it s umpossible  to develop simy




formulas for determination of sediment contributed to
streamflow within the basin.

All streams transport some sediments resulting from
the natural erosion process. The Missouri River and
many of the tributaries were muddy streams at the time
of settlement. However, the cultivation and intensive
grazing of erodible fands undoubtedly have increased the
sediment loads over natural conditions, in many streams.
Poor irrigation practices also contribute sediment in
return flows to some streams. While sediment load
measurements in streamtlows have been obtained in
recent years. there is no accurate basis for comparison
with the stream loads in their natural state. Modern soil
and water conservation, improved grazing practices, and
the trapping of sediment in reservoirs are reducing the
sediment load in the Missouri River and in many of the
tributary streams. However, there are still many streams
in the basin with high sediment concentrations that
make the water unsatistactory for most uses. Recent
studies have revealed that many agricultural chemicals.
such as some pesticides and herbicides, become attached
to sediment particles and as such are a form of stream
pollution.

WATER QUALITY STANDARDS AND
PLANNING CRITERIA

All of the basin States. in harmony with the Water
Quality Act of 1965 as amended. have developed
enforceable water quality standards. These standards
contain three main elements: A listing of present and
tuture beneficial water uses, water quality criteria. and a
plan for implementation and enforcement. Administra-
tion of the water quality standards program is directed
toward two simple objectives: To enhance the quality
and value of the water resources. and to establish policy
for the prevention, control. and abatement of water
polhution.

Each Missouri Basin State has developed as a part
ot its Water Quality Standards a set of water quality
criteria for beneficial water uses. The following is a
summary of selected criteria:

Dissolved Oxygen Criterta

. For cold-water fisheries. most States require
mintmum ot 6. or 7. mg/ 1.

2. For warmewater fisheries, requirements are gener-
aily Smg/l

3. For domestic water supplies. minimum  require-
ments in some States are 3 to 4 ng/i.

Fotal Dissolved Solids Criteria

I For domeste water supplies. the requirements
vary from 500 to 1000 mg/!.

2. For agricultural use. the limits are generally from
700 to 1500 mg/1.

Temperature Criteria

I. For domestic water supplies. usually not
designated.

2. For cold-water fisheries. the maximum tempera-
ture criteria vary from 65° to 70°F. Other State
limitations are: (a) No material increase in water
temperature: (b) no more than 4°F temperature
change: (¢) no more than 5UF change: (d) no more
than 2F rise for water temperatures up to 67°F
and a 0.5°F rise limitation on temperatures above
6T°F.

3. For warm-water fisheries. the maximum tempera-
ture criteria vary from 73°F in the winter months
to a maximum of 93°F in summer periods. Other
State limitations are: (a) No material increase in
water temperature: (b) a limit of 4°F rise in water
temperature for waters with temperatures between
32°F and 85°F: (¢) no greater than 0.5F rise for
waters with temperatures above 85VF: (d) maxi-
mum temperature rise of SUF during summer
months and 10°F during winter periods: (e) a
maximum temperature rate of change no greater
than 2°F per hour.

The State water quality standards were established
after the comprehensive framework study was well
underway. Prior to the existence of State standards.
criteria were established for framework planning pur-
poses which set the following requirements that are
equal to or are compatible with the established State
water quality standards:

1. A dissolved-oxygen concentration of 7 mg/l for

cold-water fisheries and 5 mg/1 tor warm-water

fisheries and other surface waters.
2. An average total dissolved-solids concentration ot

S00 mg/1 as desirable (recommended maximum

for drinking water) and up to 1500 mg/1 as usable.

‘o

- A limit of five degrees (F) for in-stream tempera-
ture increase resulting from thermal discharges.

These planning criteria were used in evaluating the
present and future water quality management needs. The
equivalent of “secondary™ treatment by all wastes with
a Biochemical Oxyvgen Demand (BOD) removal of 85
percent by 198090 percent by 2000, and 95 percent by
the year 2020 was established as the planning criterion.
The loading resulting from discharge of treated waste
was estimated tor industrial discharges by considering
their usual domestic waste equivalent.

Complexities of the vartous types of industrial waste
treatment processes tor the adequate handling ot special
wastes cannot be spelled out in this study. As used
heremn, the terms designating degree of treatment are
meant to imply such treatment as is necessary to achieve
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the reduction of waste loading usually attributed to

conventional primary. secondary. or tertiary treatment
processes. The assumption was made that industry
would not release toxic or other materials with their
liquid wastes in such quantities as to contravene the
water quality standards.

WATER QUALITY DATA

Water quality data obtained within the basin have
been responsive to problems encountered in the use of
water. Historically and aside trom bacterial and bio-
logical aspects, the principal concern has been the
dissolved solids and sediment concentrations as they
affect domestic, industrial, irrigation. and other bene-
ficial uses.

Temperature data have been obtained at several
stream sampling stations within the river basin and. in
general. the water temperature tends to approach the
average daily air temperatures except as aftected locally
by ground water and thermal discharges. Estimates have
been made of the effects on water quality of single-pass
cooling systems for thermal-electric power plants.

There has not been a systematic program for obtain-
ing area-wide biologic, bacteriological. and dissolved
oxygen data. The data that are available have been
obtained in association with problem areas. There are
sones with high coliform densities immediately down-
stream from most principal waste outfalls, many animal
feedlots. and some industrial sewers. There are also
marked increases in coliform densities following heavy
surface runoff of agricultural and urban areas. Table 130
summarizes the maximum values from a coliform study.

Table 130 — MISSOURI RIVER — WATER POLLUTION SURVEILLANCE DATA COLIFORM STUDY

OCT. 1,1964 TO

SEPT. 30, 1965

S(ulimL'

Williston, N. Duk

Bismarck. N. Dak.

Yankton. S. Dak.
Omaha. Nebr
St. Joseph. Mo.

Kansas City . Kuns.

Kansas City . Mo.
St. Louis. Mo.

Summary of Maximum Values

12.000
1.100
100
23.000
280,000
180.000
700.000
80.000

Oct.-Dec.

[ Jan.-Mar. ] Apr.-lune July-Sept.

(Coliform Bacteria per 100 MI.)

2.500 2.500 5.000

1 400 1.200 1.700

100 4.200 1.700

50.000 85.000 150.000

100,000 200,000 150.000

130.000 140.000 240.000

1.000.000 600000 1.000.000

60.000 36.000 36.000

ISpecific sampling locations not shown.

Data on dissolved solids have been obtained trom
many sampling stations i the basin on a continuing
basis since 1951, Utilizing these data. the estimated
present average annual total dissolved-solids concentra-
tions for certain key locations are shown in table 131.
Similar data derived for critical constituents such as
sulfates, chlorides. and sodium absorption ratios are
included in the appendix “Hydrologic Analyses and
Projections.”

Sediment data are available from many streamflow
stations and from reservoir sedimentation surveys in the
basin.  Those data are presented in  the appendix
“Hydrologic  Analyses and Projections.”™ Specific in-
formation on special undissolved solid constituents such
as oil refinery wastes, mine wastes. and debris are
limited. Usually, unsatistactory conditions are detected
by observation, and appropriate corrective measures are
taken.

Ground water is an important water supply source
serving many uses within the basin. Ground-water
quality is. therefore. of concern to residents of the basin.
For the most part, this concern has been with the
dissolved-solids concentrations and  considerable data
have been obtained in this field. These data are
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summarized and discussed in the appendix “Hydrologic
Analyses and  Projections.”™  As illustrated  there.
dissolved-solids concentrations in the ground waters vary
from less than 250 to more than 4000 milligrams per
liter. Sufficient ground-water quality data have been
obtained or analyzed throughout the basin to identify
deteriorating quality trends. except in a tew local areas.
and there is a basic need for more dissolved-solids and
bacteriological data. particularly in the areas experi-
encing large withdrawals for irrigation.

WASTE LOADINGS

The major types of water pollution and their general
occurrence have been described. When available data
were not adequate (o estimate waste loadings. assump-
tions were made to determine assoctated water and
treatment requirements.

Unsatistactory conditions, for the most part. have
been associated  with intermittent  events  such as
droughts. flood runoft, peak seasonal industrial activity.,
and acadental pollutant  spills. However. there are
serious continuing conditions developing in certain arcas

ol the basin.




Table 131 — ESTIMATED TOTAL DISSOLVED
SOLIDS CONCENTRATIONS AT KEY
LOCATIONS — MISSOURI BASIN

1970 Flow Conditions
Average | Total Dissolved'
Annual Solids
Points of Analysis Flow Concentration
(1000 Ac. Ft) Mg'l)
Missourt River
Wilhiston, N. Dak. 16.100 430
Sioun City, la. 21.500 470
Omaha, Nebr 22.600 470
Kansas City. Mo 36.000 400
Hermann, Mo 5$3.200 390
Chevenne River
Fagle Butte, S. Dak. 540 1.008
James River
Scotland. S. Dak. 210 500
North Platte River
I 1sco. Nebr 740 500
South Platte River
Julesburg, Colo. 200 1.480
Platte River
# mouth (Nebr.) 2.700 390
Kansas River
@ mouth (Kans.-Mo.) 4.200 390
Osage River
@ mouth (Mo.) 6.600 245
Grand River
@ mouth (Mo.) 2.600 210

LEstimated average annual TDS concentration in milligrams
per liter. Seasonal monthly average variations in some arcus
range from one half to twice the annual values. Below major
storage reservoirs, stream-flow regulation tends to reduce the
variation of concentration.

A census of the reported municipal and industrial
outlets and treatment facilities was made and
streamtlow needs at the waste outlet were developed tor

waste

purposes of framework planning. However. 4 point-by-
point description of these needs is too voluminous to
include in this appendix.

In 1965, there were 1.773 municipal water systems in
the hasin serving 6.280.000 people. Of the municipalities
with water systems. 465 had no sewer systems. 1.009
provided secondary treatment facilities. 198 had primary
treatment. and 101 provided no treatment. The esti-
mated gross pollution load before treatment. including
the industrial plants served by the municipal sewerage
system, was 16.8 million population equivalent (P.E.).
The estimated residual pollution of the wastes after the
existing treatment was 9.1 million P.E. This existing
situation, with an assumption of a requirement for 85
percent B.O.D. treatment removal. would require the
enlargement of 1,009 secondary treatment facilities. the
addition 198 primary
treatment
secondary treatment facilities. Sewage collection systems

of secondary to an existing

tacilities. and the construction of 566 new
are needed for 465 places. Table 132 shows a summary
of this analysis by subbasins.

Industrial directories for 1965 list 3409 water-using
industries in the basin. Limited data were available for
only 602 industries with separate waste systems. The
number ot industries connected to municipal systems is
unknown. In all. the 602 industrial plants with separate
outlets contributed over 10 million P.L.
streams within the basin. Of this total. 282 plants had
adequate treatment facilities. 111 provided inadequate
treatment. 195 provided no treatment. and 14 did not
report the treatment provided. About 40 percent of the
plants reporting was classed as processors of food and
kindred products. 13 percent mining. and 11 percent
petroleum and refining. The remaining 36 percent
comprised general manutacturing classifications.

of wastes to

Table 132 — MUNICIPAL WATER AND SEWERAGE SYSTEMS AND REPORTED WASTE LOADINGS AS OF 1965

— o - I = 1
[ Water Systems
1969 B N
Subbasin Pop. Number Served None
(Thousand)  (Actual) :lTh()u.\‘and)

Upper

Missouri 298 98 215 15
Yellowsione 270 65 194 s
Western

Dakota 299 e 186 I8
Jastern

Dakota 670 269 418 45
Platte |

Niobrara 1964 340 1876 98
Middle

Missourn 1293 255 941 73
Kansas 903 348 629 117
I ower

Missourt 2216 291 1821 S8
Missour !

Basin | 7913 4 5 6280 468

Sewerage Systems [ Waste Load

Treatment . Before As

I None ]l’rimary rSommlary Treatment ll)ischaygcd

F1he waste Toading mctudes all mdustrinl wastes reported discharging to municipal systems

(Number) (Thousand P.E.')
0 | 14 { 66 430 | 230
1 18 RE 240 90
3 14 i 76 380 | 90
20 33 168 810 ’ 100
22 o 168 7570 ! 4380
42 | 22 118 3370 | 1930
0| 198 1eu | 630
oo | 15 178 2840 1650
101 198 1009 16800 9000
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Prior to the advent of large cattle teedlots. there wa
little cause tor public concern about pollution trom
livestock. Today. when 100 to 200 head of teeder cattle
may be concentrated on one acre, 1t s of grave conceetn
since the organic waste trom a single 1.000-pound cow
approximates that trom 16 humans. The pollution
situation is similar in the case of confined feeding of

poultry and hogs

[he magnitude of potential pollution from hvestock
waste depends on the size and location of the teedlotin
relation to the receiving stream, the slope of the land.
management of solid wastes. handling and trieatment of
hiquid wastes, and general climatic conditions. Con
sidering all of these tactors. it iy estimated that 30
percent of the basin’s present feedlots can contribute to
stream pollution. and that 5 to 10 percent ot the total
volume of wet and dry anmmal wastes tiom these fots
reaches live streams. This estimate is based on the
current status ot feedlot management

Assuming that one-third ot the teedlots can contri-

bute and that 10 percent ot the generated waste reaches

live streams. the total waste load now contrnbutable by
the hvestock feeding mdustry may have a4 populatior
equivalent ot about 2 nuihon

In addition to teedlot waste problems. agrnicultural
operations can result in pollution due to leachmg and
washing of pesticides. soil eroston. and the concentration
of dissolved sohds in mgation return flows. The extent

! problems are much more

and impact ot some ot these
litticult 1o assess than with municipal and industrial
wastes: hence. no overall evaluation has been made n
these studies. Tt was assumed that the total amount ot
salts i irrgation streamftlow diversions would be con
veved back to the streams. Because ot the water

depletions mvolved m irmigation and other consumptive

uses. this has the etfect of mereasing the dissolved solids
concentrations m both the wngation return tlows and
the restdoal streamtlow. On o this bas the potential
impact ot Onst of streamtlow on tuture
dissolved sohids has been accommuodated. However. it is
recognized that trent technmology does not ofter an
cconomical method o ducing the dissolved solids

content of these tlows

This waste-water treatment plant typifies the growing number of modern plants reducing stream pollution
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There may be instances where augmented tlows will
be required to reduce concentrations of TDS. However,
only the streamtlow requirements tor dissolved oxygen
and temperature were estimated  those for TDS were
not. The TDS requirements are not additive to those for
oxygen or temperature and only where the requirement
for the control of the TDS concentration exceeds the
water required for maintaining proper dissolved oxygen
levels or temperature, would the requirements for TDS
govern. Computations were made to determine the
streamtlow necessary at cach waste eftluent outfall
where anticipated residual eftluents would be received.
These voluminous data were furnished in total to the
planners. but are not included herein.

SUMMARY

Throughout the Missouri Basin there is a need to
improve and upgrade municipal sewerage and treatment

systems. Of the 1.773 communities with water systems.
only 1.308 have sewerage systems. Of these 1.009
provide secondary treatment and 198 provide only
primary. The estimated gross waste load. including
connected industries, is about 16.8 million P.E.. which is
reduced to some 9 million P.E. by existing treatment
and discharged into streams. The streams cannot always
assimilate this residual: in fact, there are reaches which
at times have less than a satisfactory dissolved oxygen
level by accepted standards. In addition. the ettluents
contribute to unsatistactory coliform levels in stream-
flows. For planning purposes. and in compliance with
currently accepted standards. it was assumed that
municipalities would be required to provide sewerage
systems and treatment facilities to remove 857 of the
BOD by 1980,90°7 by 2000. and 957 by 2020. Many of
the existing and potential industrial plants are expected
to connect to municipal sewerage systems. Table 133
shows the estimated municipal waste loading. treatment
objectives. and residual waste to be discharged to the
basin’s streams.

Table 133 — MUNICIPAL WASTE TREATMENT REQUIREMENTS

Waste Load B.O.D. Waste Loads in
Year Domestic Industrial 1 Total Removal Effluent Discharged
(Thousand P.E.)' (Percent) (Thousand P.E.)'
1980 8.982 15.588 24.570 85 ‘ 3.686
2000 13.363 23,152 36.515 90 3.652
2020 18.840 32,905 | 51.745 95 | 2.588
LP k. Population equivalent.

To accomplish the 85,90, and 95% removal of BOD
of the municipal waste loads will require upgrading of
existing secondary plants. the addition of secondary
treatment facilities to existing primary plants, and the
construction  of new secondary and lertiary plants
throughout the basin. Table 134 summarizes the pro-
jected loading and treatment needs (by subbasin) for the
years 1980, 2000, and 2020. It will be noted that, after
treatment needs are met. there will still be a residual
BOD to be assimilated by streamflow. This will require
sufficient flow to maintain a satisfactory dissolved-
oxygen level in accordance with accepted standards. The
streamflow required at each effluent outfall was esti-
mated and furnished to the planners as “a need to be
met.” The voluminous data covering location and
streamflow  estimates are included in  unpublished
technical reports. as they are beyond the scope of this
appendix.

The 1965 Industrial Directories list 3.409 water-using
industries in the basin. Limited data were made available
for only 602 industries with separate waste systems.
Some of the industries are connected to municipal
systems but the exact number is unknown. There are
many industrial effluent outfalls discharging untreated

or partially treated waste to streams, thereby contri-
buting to unsatistactory stream quality. Since many of
the existing and potential industrial plants are expected
to connect with municipal sewerage systems., their waste
load treatment needs have been included i the
municipal treatment needs. Others are expected to
maintain separate outfalls. To the extent possible. these
were estimated and the streamtlow requirements to
maintain satistactory dissolved-oxygen levels atter the
85. 90, and 95 percent-treatment were furnished the
planners as “needs to be met.” Major industrial plants
such as sugar beet factories. paper mills, o1l refineries,
fertilizer plants, meat packing plants, etc.. were pro-
jected as to location and their streamtlow requirements
were estimated. Undoubtedly many potential smaller
plants were not included. These needs will require more
detailed study to assure a satistactory streamtlow water
quality control.  While streamtlow requirements  to
assimulate the residual lToad after treatment were esti-
mated for the industrial  plants not  connected  to
municipal sewerage systems, the treatment tacilities were
not included as needs to be met. It was assumed these
would be privite production costs in comphance with
State water quality standards.
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Table 134 — MUNICIPAL WASTE TREATMENT FACILITY NEEDS BY TARGET DATES

WASTE TREATMENT |
SYSTEMS
Total Population |
Population Served | Gross |
Subbasin (1000) | Number | (1000) Load
Upper
Missouri 368 ( 100 301 600
Yellow- |
stone 352 65 308 385
Western
Dakota 357 | 110 269 540
Eastern
Dakota 778 275 602 1.200
Platte- <‘
Niobrara 3.060 350 2900 | 10400
Middle |
Missouri 1,467 300 1.330 | 6.000
Kansas 1,060 350 850 | 1.570
Lower |
Missouri 2,991 388 2422 | 3875
Missouri 3
Basin 10,433 1,938 8982 | 24,570
Upper
Missouri 472 105 416 830 (
Yellow- |
stone 493 70 465 580
Western
Dakota 463 120 390 780
Eastern
Dakota 997 300 920 1.760
Platte-
Niobrara 4612 400 4,500 16.600
Middle 1
Missouri 855 | 310 750 7.890
Kansas 355 375 250 2.200
Lower
Missouri 4098 | 543 3,672 5,875
Missouri r
Basin 14,345 2223 13,363 36.515
Upper
Missouri 605 170 530 1060 |
Yellow- i
stone 690 100 620 778 |
Western |
Dakota 612 200 540 1.080
Eastern
Dakota 1.305 400 1,160 2.320
Platte-
Niobrara 6.940 500 6.660 26,640
Middle
Missouri 2430 400 2.280 8.200
Kansas 1.746 700 | 1.580 2,920
Lower
Missouri 5,732 1.400 5470 8.750
Missouri
Basin 20,060 3.870 18.840 51.745

Estimated |
" Removed | Additional |
by 2 Load
Existing to Be |
Huelithes | Vemoved |
1965-1980
228 282 }
89 238 |
91 368
101 ‘ 919
4 380 4460
1.932 3.168
625 709 |
1650 | 1644
9.096 ! 11.788
1980-2000
510 237
327 195
459 243
1,020 564 E
8.840 6.100 |
5.100 2,001 |
1.334 646 |
3.294 1.993
| 20,884 11.979 E
2000-2020
747 | 260
522 214
702 324
1.584 620
14940 | 10368
7.101 689
1,980 794
5.287 3.025
32.863 l 16.294

Treatment

WASTE TREATMENT NEEDS (1000 PE)!

Residual
Load?
After

90

58

81
180
1.560

900
236

581
3.686
83

58
78
176
1.660

789
220

588

3.652

2.588

:llldll\lfi:ll waste sources, reported connected to municipal sewerage systems, are included.
<Estimates for 1980 include upgrading of 1965 waste treatment facilities to provide for 857 BOD removal of estimated 1980
waste loadings. Estimates for 2000 and 2020 are for upgrading and enlarging waste treatment facilities to provide more effective
treatment of the projected wastedoadings. (907 by 2000 and 9577 BOD removal by the yvear 2020).
JPopulation Equivalent of treated wastes discharged to streams.,
Plants built late in preceeding time frame would be designed for loading of the following target date.

250

Facilities

e

q

Enlarge
Secondary

664

38

75

! 60
100
240
270

200
250

290

! 1.500

Add

Facilities

108

120
300
400

310
375

543

Tertiary

Secondary

TREATMENT FACILITY NEEDS
REQUIRED BY TARGET DATES

Construct

New
Facilities

20

74
130

160

122

65
30
80
100
100

90
325

857

1.647

Secondary

Secondary

Tertiary
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