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FOREWORD accomplished through protection and management of
the resources on a given land unit. These include water.

The purpose of this, Xppendix is to present an timber, forage, crops, wildlife, recreation, and minerals.
inventory of existing land resources in the Missouni River When applied to water areas, it refers to uses that may
Basin and their use. and to analyze the availability and be made of the water surface itself, or to waterused for
adaptability of the resources for satisfying future recreation, fish and waterfowl habitat, irrigation,
requirements. - municipal and industrial water supply, domestic pur.

To fulfill these objectives, the Land Resources Avail- poses, livestock, or scenic beauty.

ability 'Work Group divided this appendix into ive The area of the subbasins and areas of land and water

chapters. These chapters cover (I ) a general description were derived from 1960 U. S. Bureau of Census data.
otehee aspresource ( ) a errentwnershriptio The 1965 land ownership was compiled using informa-
of the basin's resources, (2)bthe current ownership and tion from Federal and State agencies, including the
management patterns of the basin lands, (3) a classi i- Conservation Needs Inventory. The 1965 land use was
cation and inventory of the land resources, (4) pro- developed from information from the Federal and State
jections of future potentials and capabilities for the agencies, inzluding the Agricultural Census of the U. S.
various classes of land, and (5) estimates of probable Dcpartment of Commerce, Agricultural Statistical
shifts in land use and management which will be Reports, and the Conservation Needs lnventor\, of the
necessary to achieve the goals of framework planning. U. S. Department of Agriculture.

Acreage dam are assembled for each subbasin. This The Standing Committee on Compiehensive Basin
data forms the basis for the surface areas, both land and Planning for thd Missouri Basin hnter.Agency Committee
water, in terms of acres mtilhved in the basin and assigned the preparation of this appendix to the Work
subbasin studies. In this analysis, multiple use of the Group on Land Resources Availability. During the
land and water resouices is considered. [or purposes of course of the study. the Work Group assigned work to
this appendix, multiple use means the use and manage- seven task forces. They were composed of selected
nient of all surface and subsurface iesonrces in the tepiesentatives from Fedcral and State agencies con-
combination that will best meet the pliesct and future cerned with niaior land resources of the basin.
needs of the American people. The termi may be applied The Organization Chart, figure I . shows the coin-
to areas of land, areas of water, or to other resources. position and stiucture of the Land Resources Avail-
When applied to land areas, it refers to the various uses ability Work Group and its task forces.
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CHAPTER 1

BASIN DESCRIPTION

PHYSIOGRAPHY Table 1 - DRAINAGE AREA, MISSOURI RIVER
BASIN, UNITED STATES AND CANADA

The Missouri River drains a total of about 529,350 Square Thousand
square miles in the United States and Canada. While the Location Miles Acres

Missouri River Drainage Area, Canada
Missouri River itself does not cross the Intei'national to Mississippi River near St. Louis,
Boundary, there are about 9,715 square miles in Canada Including Non-Contributing Areas. 529,350 338,784
drained by its tributaries. Within the United States, the Drainage Area in Canada 9,715 6,218

Drainage Area in the United States,
Missouri River Basin comprises one-sixth of the contigu- Including Non-Contributing Areas 519,635 332,566
ous area of the Nation. It includes all of Nebraska; most Non-Contributing Areas Along the
of Montana, North Dakota, South Dakota, and Wyoming; Basin Boundary in the United
about one.half of Kansas and Missouri; about one-fourth 'States Not Included in the

Study:-of Colorado and Iowa; and a small part of Minnesota. Great Divide Basin and Contiguous
In this Appendix, the Missouri River Basin includes Areas on Sweetwater River

all of the Missouri River drainage in the United States. Drainage and in North Platte
River Drainage in Vicinity ofThat portion of the basin lying in Canada, the Great Rawlins, Wyoming. 4,160 2,663

Divide Basin in Wyoming (a hydrologically closed basin Smoky Hill River Drainage,
on the divide between the Missouri River Basin and Colorado and Kansas. 180 115

Tributaries North of Garrison
the Colorado River Basin), and several smaller non- Reservoir, North Dakota 300 192
contributing areas along the basin's boundary were ex- Tributaries of James and Big
cluded. With the exclusion of these areas, the basin Sioux Rivers, North and

South Dakota. 1.700 1,088
contains about 513,295 square miles or nearly 329 mil- Total Non-Contributing
lion acres of land and water (table 1). Areas 6,340 4,058

Baqin Land and Water Area 513,295 328,508
Boundaries I Areas within given watershds that do not contribute directly

to surface runoff. Area figures are approximate.

The basin is an elongated area lying diagonally from
the northern Rocky Mountains to the Ozark Plateaus and to the junction of the Missouri and the Mississippi rivers.
includes all or parts of 10 states. Its western boundary Along this latter portion the basin boundary, the drain-
coincides with the Continental Divide from northern age divide follows the crest of a number of landforms

Montana to the headwaters of the South Platte River between tributaries of the Missouri River on the west

west of Colorado Springs, Colorado. From this area, the and the Souris, Red, and Mississippi rivers to the north

southern boundary of the basin extends east aross the and east.

Great Plains of Colorado and Kansas and through the
northern portion of the Ozarks in Missouri, to a junction General Description
with the Missotri River on the Mississippi River flood-
plains. This pertion of the basin boundary follows a Elevations in the basin vary from high mountain peaks
series of rather well defined divides between the drainage of 14,000 feet above mean sea level and high mountain
of the Arkansas River on the South and the South Platte, passes of 11,000 feet in the Rocky Mountains through
Smoky Hill, and Kansas rivers to the north. foothills, plains, and river bottomlands to about 450 feet

The northern boundary of the basin extends from mean sea level at the mouth of the Missouri River near
the Continental Divide in Glacier National Park, north- St. Louis (figure 2),
easterly to and thence easterly of Crosby, North Dakota. The mountainous areas of the basin are generally com-
The bottndar, then continues in a southeasterlydirection posed of hard crystalline and sedimentary rocks with
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granite predominating. In the geologic past, these rocks Northern Rocky Mountains, Micdle Rocky Mountains,
have been sculptured by ice and water to produce the Wyoming Basin, and Southern Rocky Mountains. The
rugged peaks and steep-sided valleys which form the Wyoming Basin province interrupts the continuity of the
alpine topography seen today. Erosion tends to be slow Rocky Mountain System. This basin extends across the
in these areas and the mountain streams do not generally Mountain System between the Middle Rocky Mountains
carry large silt loads. and Southern Rocky Mountains provinces.

A large portion of the Missouri Basin is composed of In the Wyoming Basin the Continental Divide has no
plains and prairies. These areas are underlain by sedi- distinct connecting crest. Here lies the Great Divide Basin
mentary rock formations consisting predominantly of from which no drainage reaches the sea. The term "Great
clays, shales, silts, sands, and sandstones. Such areas Divide Basin" is used chiefly in a hydrographic sense for
erode much more readily than the older and more con- the area of internal drainage of about 4,160 square miles
solidated rocks of the mountainous areas. Large sections in extent (table 1). The floor of the Wyoming Basin is
are covered by recent deposits of unconsolidated glacial characteristically similar to a plateau and is continuous
till, sand, gravel, silts, and clays left behind by the con- with the Great Plains through broad openings between
tinental glaciers and the long-term effects of wind and mountain ranges. The basin includes extensive areas of
water. plateau parks supporting mixed grasses and shrubs. This

Most of the soils in the basin have developed under a basin is used mainly for fall, winter, and spring grazing.
grass cover. Major exceptions are the soils of the moun- Three Rocky Mountain provinces include extensive
tainous areas where forests have been the predominant areas of coniferous forests and intermingled mountain
vegetation. Over the basin, many kinds of soils are found parks supporting mixed grasses and shrubs. There are a
with wide variations in profile characteristics and use number of intermountain valleys between the mountain
capabilities. Zonal soils occupying various parts of the masses. These areas are used mainly for grazing, but some
basin include: the Brunizem soils of eastern Kansas and have been developed into rich farm lands. The Rocky
Nebraska, Iowa, Missouri, Minnesota, and extreme south- Mountain portion of the basin is a primary source of
eastern South Dakota; the Chernozem soils in a zone water fo- the Missouri River and many of its tributaries.
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 basin
and in the high dry plateaus in northwestern Wyoming,
and the Podzolic soils in the forested areas of the Rocky
Mountains in western Montana and Colorado and the
Ozark Plateaus in Missouri.

Physical Divisions

Three distinguishable major physical divisions charac-
terize the basin as delineated in figure 3. The Rocky
Mountain System occupies I I percent of the basin; the
Interior Plains 86 percent; and the Interior Highlands
three percent.

The Rocky Mountain Systen consists of the moun.
tainous areas that form the western boundary of tie .
watershed in Montana, Wyoming, and Colorado. This ""
area is characterized by alternating prominent mountain
ranges, intermountain basins, and relatively wide valleys. - X
Elevations range from about 4,500 feet to more than
14,000 feet above sea level. Minor tributaries have steep
gradients, and channels generally are "V"-shaped. The .- -

streams commonly flow through steep canyons before r -

they reach the more level topography of tie plains where .
stream gradients lessen.

Portions of four provinces of the Rocky Mountain
System are within the basin. These provinces aie the Rocky Mountains

3



FIGURE 3

PHYSIOGRAPHIC DIVISIONS, PROVINCES,
SECTIONS, AND SUBSECTIONS
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DASHED LINES REPRESENT BOUNDARIES POORLY KNOWN,
HIGHLY GENERALIZED OR NOT CLEARLY DEFINED

Throughout their length, the Rocky Mountains accumu. ing those portions of North Dakota and South Dakota
late tremendous reserves of snow from which originate a lying north and east of the Missouri River. Stream dis.
high percentage of spring and early summer stream flows. section and drainage are not well established except in

The Great Plains province consists of a large area areas adjacent to the Missouri River and along some of
between the Rocky Mountains on the west and the its larger tributaries. Local drainage is chiefly into pot
Central Lowlands province on the east. The following holes, small intermittent lakes, and a few larger perma.
subdivisions are used for the purpose of describing the nent lakes.
province: (I) Glaciated Missouri Plateau, (2) Unglaciated The Unglaciated Missouri Plateau comprises the broad
Missouri Plateau, (3) Black Hills, (4) High Plains, (5) iolling area west of the Missouri River in North and
South.Central Loess Hills section, and (6) Central Kansas South Dakota. It also includes most of the eastern half
Rolling Plains. of Montana and northeastern Wyoming. Numerous small

The Glaciated Missouri Plateau is a broad expanse of hilly areas, buttes, and hogbacks have elevations higher
ently rolling topography extending eastward from the than the general level of the plains. While the area as a

Rocky Mountains across northern Montana and includ, w'ole is rolling and rather thoroughly dissected by

4



occur in tile southern and southeastern pails.
Land use in the Great Plainis is charactcrized by :he

v'ast areas of grassland used for grazing livestock. exten*-
sive -areas of cropland~ such as the expanses of witer and
spring- wheat. and the tracts of irrigation along many of
thle major rivers and intermediate plateaus.

'lie Central Lowlands province of the Missouri Basin
is a long north-south area bounded onl thle west by thle
Great Plains; onl the northeast and south by tile Missouri
Basin boundary: and on thie southeast by the Ozark
Plateaus. This entire area has been developed by erosion

~~ of a mantle of glacial drift and till deposited by thle cont
tinental glaciers. Ani abundance of ratnfall and stream
development has created a hilly topography in tmany

?k p laces. especially in the sotuth.
~' -- Land use in 'lhe Central Lowlands province is essen-

V tially the same as in the adjoining Corn Belt. F~arm land

j ~t~ V - ~ -~is gencrally confined to the more level area-s in the north
1 "A and to areas between thle hillv belts in thie south. Lands

of steepcr slopes and havintg thin soils are used primarily

Greait Plains for grazingo.

streams, there are small nearly level areas onl thle stream
divides. A fewv relatively large areas of gently rolling
relief are scere thogout the region. Ba~IIands
and canyon areas occui along the Whtitle River in Souith
Dakota. Little Missouri River in Noi th Dakota. and in
thie p~laitns adjacentI to thle Missoutri, Yellowstone. and
Powder rivers in Montana andl Wyoming. The Black I lills
sect ton is ait I elip tical-sha 1)0(. inou n ta inolts area about
00 miles widle and 12i miles lono in western South
D~akota and northeastern Wyotming. IHere the slopes arc
steel) to lprecip~itous and are covered typically xwith stands
of ponderosa pine int erm ingled wvith areas of' natlive
grasses and b~are cragg..y rocks.

T he I ligh Plains silpe gently east wat i f rotm tile Rocky
Moon tam itfton t Iin tort h-ceii ta I Cob t ado and sou il-
central Wyoming. These plains atle characterized by nearly
level to ilolling tablelatnds, with hiil ly to i ough broken
areas alotigtthe vall1ey Sides. Sitca dtn(issection is wvell
established,. wvit [)iroad smooth divides between th e
lIntger d raintages. A (list intct subsect ton III the nor the t n
IHigh Pliains is thle Sand HIills. atn at en of aboutt 24,000 Cenit ral Lowlands
square miles in tiort i-ccitt tialI Nebraska. 'rhite e thle sand~y
cha ra t er of' tlie soil allows at large port ion of' lite a tnnual The Ozat k la teatis pim x \\ x ith li Inerimi I ligli.
prc~iitatitoin to p0erc ola te Int o gron nldx'va l storage. hI d s divisioln ile son theasl it ion of lte basin us

The Son Ih-CellIra I Loess II ilis sectionlI, ial ii a tlenir- two mla in It ibitta r\ I ix ci di ai ning tile mat C The 1)1atla s
spersCl wviith nearly level p~la ins. rolling Ianod. antd long ate genti allk u iiedci i hN sedi mentat y f'orimaItiouts of
tiarrowx un(1issect ed lains relmnailts whlichi tot ii (livides I imest Otto and d icr I. These f'ormatitotns have n nnleio us
Ibe txee ii a r"Ithe r Comp lleteC pae it it'o cattyo0n-I ike cotmposed of' hiil ly u plantd s in tel mixed \\,lit i ohl I uglla-
(Iramtages. leanis. hlleti topogiaph>v xxas developedl b\ erosioin of tile

Itt north-ceii ra I Katisas. tile (Ceniual K antsas Rolling ancient O/altk liit 'ille Osage anid G ascotilado are [lie
Platn\r iwup a hitge a rca. St rottghl~ ollitng relicef pie- "I\ WIN tM id m id eri oind k In itiel s x\ Ii k.1 ph od~ 0cC ptit gs
domttitt t e t (xcilie tior theii atid xxestemi Uts of tile I lro ughoki i te ,at a. Geniet a I lite Oia rks su pport I atree

aitea, wv ith d ecpl% Cii remtied di attiages a iid o'o-a ionlal :ox ci o f tnt ed Iiat dxvoods M id plntes. xxih [tlieha'I
qm li1 d ides he(VC~ 11,e 0 ci iaI~ iCa hIS St1fit'lt plIP Wsxoods bet tag dot ti t. Mo st of tile faa iii' IIItiIle ali a are



small and many farmers obtain supplemental income The terms "subbasins' and "subregions" are used in
from lambering.-Of the total land-once in cultivation, this appendix to designate the type of boundary area for
about one-third has been returned to forests or grass. which the data were developed. For planning purposes,
Timber production and grazing are the major land uses the data developed by regions and subregions can be
except in areas of better soils where general farming applied to the corresponding basin and subbasin areas
predominates, with no significant loss of reliability.

.iubbasins and subregions discussed in this report are:

Name Narrative Abbreviation

Upper Missouri River Tributaries Upper Missouri
(Includes all of the drainage of
the Missouri River above the
mouth of the Yellowstone River)

Yellowstone River Subbasin (In- Yellowstone
eludes all of the drainage of the
Yellowstone River)

Western Dakota Tributaries (In- Western Dakota
eludes all the tributaries flowing

from the west between the mouths
of the Yellowstone and Niobrara
rivers)

Eastern Dakota Tributaries (In- Eastern Dakota
eludes the drainage area east of
the Missouri River from the
mouth of the Yellowstone
River to Sioux City)

Platte-Niobrara Subbasin (In- Platte-Niobrara

Ozark Plateaus eludes all of the drainage of the
Platte and Niobrara rivers)

Subbasins and Subregions Middle Missouri River Tributaries Middle Missouri

(Includes tributaries to the Missouri
The Missouri Basin has significant variations in topog- River on the west bank from the

raphy, climate, resources, ecoifomy, and social aspects. mouth of the Niobrara River to
To facilitate the study, the basin was divided into eight the mouth of the Kansas River,
planning areas. Because the source and composition of excluding the Platte River, and
the basic data records used in this study varied with res- the tributaries on the west bank
pect to boundary delineations, both "subbasins" and from Sioux City to Kansas City)
"subregions" were designated (figure 4).

Kansas River Subbasin (Includes Kansas
Subbasins are hydrographic areas drained by desig. all of the drainage of the Kansas

nated major tributaries or groups of tributaries of the River)
Missouri River, including associated closed basins, Sub-
regions are groups of counties delineated to approximate Lower Missouri River Tributaries Lower Missouri
the subbasins by county lines because of statistical data (Includes tributaries of the Missouri
availability on this basis, and to facilitate economic River below the mouth of the
analysis. Kansas River)
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FIGURE 4

SUBBASINS AND SUBREGIONS
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CLIMATE Gulf regions. Under their influences the seasonal vaTia.
tion, and even the daily range in temperatuie, tend to be

The climate of the Missouri Basin is continental large. Except in the mountains, all localities have ex-
in type, being characterized by wide ranges in tem- perienced summer temperatures over 1000 F., and
perature and irregular annual and seasonal precipitation. below.zero winter temperatures. Average annual tem-
This results in a range of climatic zones and associated peratures range from 550 F. in the southeast to less than
natural vegetation over the basin, as shown in figure 5. 400 F. in the northwest.
Notable are the extremes in temperature induced by Wind is a significant factor in the climate throughout
alternating cold air masses moving into the basin from the basin. Average wind directions for the greater part of
the northwest and warm air masses moving from the the basin are from south and southeast in summer and
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FIGURE 5

CLIMATIC ZONES
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from north and northwest in winter. Although the precipitation occurs as snow in the wintes. Average sncw-
mountain and foothill areas have less-wind movement falls of 100 inches or more are common throughout the
than the plains, wind directions there have greater local Rockies.
variation. Maximum wind velocities range between 45 Mountain snow packs form important reservoirs of
and 120 miles per hour with the hither velocities re- water, and melting snow during the spring and early
corded in the Great Plains. Average monthly wind summer supplies much of the annual stream flow in the
velocities range between sevenand 13 miles per hour. basin. Much of the irrigation is dependent upon these

High winds with high temperatures increase evapora- snow-fed flows.
tion. damage or dry out crops, and frequently cause The Rocky Mountain area produces significantly
severe dust storms in somc areas. These hot dry winds higher annual runoff than other parts of the basin. Due
are frequent during the spring and summer months. to the melting of the snow packs, monthly runoff is

During the winter, in most parts of the basin, greatest during the late spring months and decreases
blizzards are a normal hazard. These blizzards are often through the summer. fall. and winter. The base flows for
a menace to human life, livestock, wildlife, and property most streams are sustained by melting snow and summer
as well as to public services and transportation. precipitation, much of it entering the streams as ground-

Annual precipitation is perhaps the most critical water. In general, runoff increases with elevation.
climatic factor since it affects directly the economic Some flood flows in the Rocky Mountains occur in
health of agriculture, the basin's primary industry. The the warm season, usually as flash floods. high peak dis-
amount of annual precipitation, its form, and its seasonal charges are produced by relatively low volumes of flood
variation are related to the topographic areas within the runoff. The larger annual floods on streams with appre-
basin. As a generalization, the annual precipitation ciable drainage are frequently caused by combined snow-
patterns can-be-broken into three board classes which are melt and rainfall. In the smaller streams, rainfall is the
related to the mountainous areas. the Great Plains, and primary cause of floods.
the Central Lowlands. The Ozark Plateaus area yields average annual runoff

The hihest average annual precipitation within the in the range of from six to 12 inches. Flood runoff is
basin occurs in the mountainous areas, ranging to over comparatively high. The groundwater flow of most
40 inches in portions of the Rocky Mountains and the streams is moderate to high because of the numerous
Ozarks. In the western mountains, much of the annual springs draining the aquifers of the area. Flood flows are

Accumulated Snow Contributes to a More Constant Streaniflow Throughout the Year

i i lii i i i I lll Ill 1 1 I 111 II Illlll I Il I II I I II II Il~l • I



Beautiful Cool Clear Mountain Streams Carry the Snowmelt to the Great Plains

flashy on all except the major strcams of the area. Rain- Winter snowfall is generally light in the plains with
fall is the primary cause of floods with snowmelt and ice January and Februaiy being the driest months of the
jams being infrequent and limited factors in flood year.
occurrence. The Great Plains have low annual runoffs, generally

The Great Plains are noted for their rather scanty and less than one inch. Groundwater flow in most streanis-is
erratic annual precipitation. Average annual precipitation very limited. As a result, the typical plains' stream has a
on the plains varies from lows under 12 inches to highs high flow during the spring rains but tends to dry up
slightly over 20 inches. As a gencialization, the highest during the summer, with occasional short-duration high
annual precipitation in the plains portion of the basin flows from passing thundershowers.
occurs in the southeast and decreases steadily as one A distinct contrastto the general condition is found
moves to the northwest. in the Loup Rivers which flow out of the Sand Hills of

Rainfall averages are a bit misleading for individual north-central Nebraska. The flow of these rivers is sup-
yearly precipitation tends to vary quite widely. The plied, in most part, by a relatively steady discharge of
plains are well known for their noncyclic and often groundwater due to the large area intake and the high
severe droughts. These droughts can last from a single porosity of the thick sands covering the area.
summer to several years in duration, and there is no Flood flows in the plains are semi-flashy in most
known means by which to accurately predict their streams but the rolling to steep topography of some
occurrence. The drought is the most severe climatic localities produces typical flash floods. Floods in the
hazard faced by the basin residents. northern part are caused by either rainfall or combined

rainfall and snowmelt, with ice jams being involved fre-
Despite the low average annual precipitation, agricul- quently in the early spring floods. In the southern part

ture is possible ol the Great Plains in part because of the of the plains, rainfall is the primary cause of floods and
seasonal variation in the rainfall. The greatest amounts neither snowmelt nor ice jams are important factors.
of rainfall come during the spring months of May, June, The Central Lowlands are generally well endowed
and early July in most years. with annual precipitation with the annual averages

Occasionally, the plains experience high intensity ranging from 20 to 40 inches. Yearly precipitation in the
thunder storms during ile summer, often accompanied northern portion is divided between summer rains and
by high winds and hail. These storms commonly cause winter snow while in the southern portion, annual pre.
more crop damages than benefits from the rain they cipitation is composed almost entirely of rainfall which
produce. occurs throughout the year.
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The lowlands produce appieciable amounts of annual appeared. This process of growth, recession, and death is
runoff and flood occurrences, are relatively high. Most still much in evidence within thebasin.
streams in the area for which records are available have
aver. k'e annual runoff in the range of four to eight Population shifts have been constant throughot t theinches. In geneal, low o inthe streams are derived basin's history. Droughts, economic fluctuations, mech-

from shallo, groundwater supplies that are iimited by anization, and urbanization have all affected the basin.

ard dependent upon the local intiltration of precipita- The result has been a large out-migration of the rural

tion. Floods are semi-flashy on small streams and are population, rapid growth in the large metropolitan areas,
mioderate on the larger streams. Storm rainfall is the mixed rates of growth in the smaller cities and towns,

primary cause of floods, und ice jams are not a signifi- and an increase in industrialization (plate 1).
cant factor in flooding. In 1960, about 3.4 million people, or 42.5 percent of

the basin's population lived in rural areas or towns of less
than 2,500. The remaining 4.5 million people lived in

DEMOGRAPHY urban and metropolitan areas having populations of
2,500 or more, including the 37.2 percent of the basin's
population living inl I standard metropolitan statistical

Historically, the settlement of the Missouri River areas (SMSA's)(tahle 2).
Basin has been related directly to its abundance o natu-
ral wealth, particularly its agricultural and mineral re- The total population of the Missouri Basin increased
sources. The potentials of the Central Lowlands and 17 percent between 1940 and 1960. During this period,
the eastern portion of the Great Plains and the Rocky rural population decreased 17 percent-and urban popula-
Mountain foothills attracted the livestock men; and the tion increased 68 percent. Improved transportation and
mineral wealth of the Rockies themselves brought the communication facilities, improved equipment and tech-
miners. nology in agriculture, increased emphasis on manufac-

Each of these settlement groups spawned cities and turing activities, and increased demands for recreation
towns to service their needs. Some of these urban centers are some of the factors that influenced divergent rates of
went on to become growing regional centers and some growth and shifts of population within the basin (see
soon became ghost towns when their economic base dis- figures 6 and 7).

d%

Many Communities Had Their Heyday Such as This Ghost Mining Town
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FIGURE 6
POPULATION DENSITY -1960

BY COUNTIES

WIND

Table 2 - POPULATION DISTRIBUTION, NATURAL RESOURCESURBAN AND RURAL, 1960
Percent or From land and water stem the natural and renewanIecategory Number Population resources of agriculture, grass, forests, recreation, fish,Metrpolian Aeasand wildlife. The land and water resources have the50370.2io potential, if properly managed and skillfully developed,Urba (twns)11 37c to contribute to the satisfactior, of demands and to meet25000- 50,000 11 6.7 future regional and national needs.5.000 - 10,000 The. n basin contains scenic mountains, narrow canyons,2.500 - 5,000 100 4.6 precipitous slopes, fertile valleys, broadan, frssRntal including towns less 42.s grasslands, lakes, and sticais. Below the surface are

than______2, ______0__ 2067_A extensive supplies of groundwater, coal. oil, gas, and
TOW 207______________ 100.0 other minerals. All these natural resolirces have and will
12
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Table 3 - LAND AND WATER AREA

Water Area [

Over Under Land Am Total
Subbasin 40 Acres 40 Acres Total Total Area

(Thousand Acres)
Upper Missouri 564 106 670 52,293 52,963
Yellowstone 273 72 345 44,853 45,198
Western Dakota 334 138 472 48.88 49,356
Eastern Dakota 662 240 902 36,42 37,304
Platte-Niobrara 466 188 654 63,021 63,675
Middle Missouri 125 49 174 15,571 15,755
Kansas 95 241 336 38,540 38,876
Lower Misli 139 127 266 25,125 25,391

Missouri Basin 2,658 1,161 3,819 324,689 328,508

Source: Total area is U. S. Bureau of Census 1960 Land and Water Area, adjusted to basin boundary. Water areas over 40 acres
include streams 1/8 mile in width or more. Water areas under 40 acres are from National Invento, of Soil and Water Conservation
Needs, 1958, United States Department of Agriculture.

Table 4 - AVERAGE ANNUAL I'IATER F LOW
PRODUCED IN EACH SUBBASIN AND AT

HERMANN, MISSOURI, UNDER 1970
DEVELOPMENT CONDITIONS

A

Total Flow
Produced by

Subbasin Areas Drainage Area
Percent of

Million Percent 1,000 Drainage
Subbasin Acre-Feet of Flow Sq. Miles Area

Upper Missouri 7.7 14 92 17
Yellowstone 8.8 16 71 13
Western Dakota 4 77 15
Eastern Dakota 58 1158 1
Platte-Niobrara 4.7 8 99 19
Middle Missouri 7.7 14 25 5
Kansas 4.2 8 61 12 -'-
Lower Missouri 17.3 30 40 8

Total 55.5 100 523 00
Less Main Stem

Reservoir Rural Water Systems Supply Areas
Evaporation -1.9 Without Adequate Water

Remaining Flow at
Hermann, Missouri 53.6

Most Rural Communities Are Dependent

Water For Livestock Is Essential To Grazing Upon Groundwater

'3



FIGURE 7
POPULATION DISTRIBUTION-19 6 0
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continue to play a most important role in development is the source of water for most of the rural populationof the basin. and smaller communities and for livestock on the GreatOne of the most important natural resources in the Plains. Many areas in the basin are dependeut on ground. ,basin is its water which covers approximately 3i' iillion water for municipal, industrial, domestic, and irrigationacres. Of the total water surface, 2.7 million acres, or purposes.about 70 percent, com prise surface areas over 40 acres inTh suf c wae oft e b in s u ed nd r s d as textent and streams over one-eighth mile in width. About accumuae an wto hemot of the Mii s sdanessuit1.1 million acres ar'e in narrow streams and in water areas Rivmaer. U nd pre s condtio t of velopmentuanof less than 40 acres. There is wide variation among the Rvr ne rsn odtoso eeomn neight subbasins in the distribution of water. The Eastern usage, the estimated average annual flow of the MissouriDakota Tributaries Subbasin has the largest proportion River near its mouth at Hermann, Missouri, is 53.6 mil-of total water areas, about two and one-half percent of lion acre feet. Table 4 shows the contributions &o thethe subbasin being water area. In comparison, the Yellow. Missouri River made by each of the subbash,:stone Subbasin has the smallest proportion with only The land resources of the Missouri Basin are ciose .ythree-fourths of one percent being water area (table 3). associated with their present uses. The best method toIn most areas of the basin, the ground.water resources describe these resources is to indicate the current usesare related to the surface water resource. Ground water and to give an idea of their potential for future expansion.
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Agriculture the economy provides agricultural services such as mach-
inery maintenance, feed grinding, fuel delivery, fertilizer,

Today, as in the past. agriculture is the predominant and similar services directly to the farmer. Food process-
means of livelihood and the major producer of wealth ing is the basin's largest manufacturing segment. The
within the basin. No other major regions in the United large livestock markets and numerous meat packing
States equal the Missouri Basin in the production of plants are important to the economy of the basin.
small grains and meat, the basin's specialities. Regularly, About 312 million acres of land in the basin are used
the basin produces a third or more of the Nation's wheat. for some agricultural purpose. Grasslands comprise the
31 percent of its sorghum, 29 percent of its barley, 44 largest major use and account for 54 percent of the total
percent of its corn, and 21 percent of its oats. Also, the area. In addition, about 31, percent of the land is culti-
basin produces one-fourth of the Nation's red meat vated, nine percent is in forest and woodland, and ap-
aimals-cattle, hogs, and sheep. This is accomplished on proximately six percent is devoted to miscellaneous
only 15 percent of the land area within the United agricultural and non-agricultural uses (see figure 8).
States. Shortage of water is a major limiting factor in agricul-

Much of the total economy of the basin, either tural production in the arid and semiarid climatic zobes.
directly or indirectly, is dependent upon agriculture. A Approximately 7.4 million acres, or seven percent, of the
lar ,e part of the non-commodity producing segment of cropland are irrigated. Irrigation is practiced principally

FIGURE 8
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in the Upper Missouri, Yellowstone. Platte-Niobrara, and
Kansas Subbasins.

Irrigation is important to the economy of several of
the States. While surface water has made the greatest
contribution, ground water provides one-fifth of the
total irrigation water supply applied to about 30 percent
of the irrigated land. Water for irrigation has contributed
not only to increases in the production of crops and a -

livestock, but to the stability of the total agriculture and ,
overall economy of the region.

There ,,,e approximately 168 million acres, or 54 per-
cent, of the Missouri Basin in grassland used for pasture

* 'Vast Expanses of Grssand are Utized by Livestock

Forest and Woodland

Forest and woodlands comprise over nine percent of
the Missouri Basin. There are two major forest types in
the basin separated by the Great Plains(figure 9). Foresjs
in the Lower Missouri Subbasin and adjacent tributaries
east of the Great Plains are predominantly hardwood or
broidleaf while those in the mountains are predominantly

" J softwood or coniferous.
5 ,," , In the Lower Missouri Subbasin, woodlands cover

one-fourth of the land area (table 5). They are almost all
privately owned. Periods of poor markets for forest

Irrigation In A Semi-Arid Region products have resulted in anl accumulation of saw-
timber stands. Half of the growing stock volume is in
sawtimber trees, but the stands contain many cull trees.

and range for grazing of domestic livestock. About 86 Sawtimber volume in the subbasin is mostly oak.
percent of the pasture and range is in private ownership. The 22 million acres of forest in the western portion
About 14 percent is in tie national forests, national of the Missouri Basin comprise 73 percent of all its
grasslands, and in administrative districts of the public forest lands. Fifteen million acres of this forest are com-
domain. Permits or leases are held by the farmers and mercially important for timber production, A large
ranchers for grazing their livestock on tie Federal lands. proportion of the forest lands is federally owned.
The grassland areas are of major importance in the agri- Elevation has an important bearing on the distribution
cultural production and economy of the basin. In addi- of forests and their species composition. In the western
tion, these grasslands provide habitat for wildlife and are portion of the basin, trees seldom grow at less than
of vital importance to the existence of many wildlife 4,000 feet above sea level, except along river bottoms. A
species. The grasslands also provide areas for I inting big proportion of tile forests at lower elevations, from
and recreation. 4,000 to 6,000 feet, consists of low quality stands of

l



FIGURE 9

MAJOR FOREST TYPES
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Table 5 - ACRES OF FOREST LAND BY juniper and ponderosa pine, which accounts for much
CLASSES, CURRENT INVENTORY of the area classed as noncommercial. The commercial

Commercial Noncommercial ITotal forests, mostly in stands of lodgepole pine, Douglas fir,
Forest I Forest IForest spruce, and ponderosa pine, are located at higher eleva-

Subbasin Ld t Land 2  JLand tions along the eastern slopes of the Continental Divide
(Thousand Acres) and on a number of mountainous areas to the east. At

Upper Missouri 5,500 1,711 7,2 11 still higher elevations, extending to the upper timberline,
Yellowstone 3,166 3,871 7,037
Western Dakota 2,218 206 2,424 there are additional noncommercial forest areas. The
r astern Dakota 129 31 160 sites are rugged and the trees are largely subalpine fir,
Platte-Niobrara 4,150 978 5,128 whitebark pine, and spruce.
Middle Missouri 1,019 17 1,036
K~ansas 500 20 520
Lower Missouri 6,651 206 6.857

Missouri Basin 23,333 I 7,040 30,373

Forest land that it producing, or is capable of producing,
crops of intdustriat wood and not wvith drawn from timber
wli/ ation by sta tute or administrative regulation.
2Unproductive forest lasid incapable of producing crops of
conitnercial industrial wood. Trhis also includes productive
forest land wi thd rawsn fronm commttercial tinmber use throught
statute or admtinistra tive regulatIions.
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Western Coniferous Forest

Minerals plains. Metallic ores are produced in significant quanti-
ties from the mountainous areas of central Montana,

Mineral resources of the Missouri River Basin are most central Wyoming, north-central Colorado, and from the
conveniently described by grouping the many mineral Black Hills of South Dakota. Principal mineral produc-
commodities into three categories-metallics, nonmetal- tion includes gold, silver, copper, lead, zinc, molyb-
tics, and fuels. denum, and taconite with smaller amounts of minor

Metallic mineral resources are generally associated minerals such as tungsten, beryllium, vanadium, chro-
with mountainous areas and their peripheral outwash mium, uranium, and lithium.

Uranium Mining

18



Nonmetallic minerals include construction materials; thes resources attract large numbers of fishermenand
a number of fertilizcr-minerals such as phosphate. potash hunters from all pltrts of the Nation. The basin also
and gypsum: and minerals for chemicals such- as fluor- produces large numbers of migratory birds which are
spar, lime, mica. salt, and bentonite clays, hunted in other parts of the Nation,

Fossil fuels consisting of crude oil and coal reserves
compise much of the basin's mineral wealth. The annual
production value of oil and gas has been considerably
more than 750 million dollars in recent years, represent-
ing about two-thirds of the total annual value of mineral
production of the basin. Petroleum production is ex-
pected to increase moderately through the year 2000
and to decline th-!reafter.
- Recoverable coal reserves are estimated to be more
than 450 6illion tons, or about 55 percent of the Nation's
total. The states of North Dakota. Montana. and
Wyoming possess about 80 percent of the basin's recov-
erable coal. However, with the exceptions of Nebraska
and the small .,uthwest sectio,. of Minnesota, all basin
states have substantial coal reserves.

Most of the basin's coal is lignite or sub-bituminous.
Its long-range future may be determined in large part by
current re.,earch in synthetic liquid fuels, manufactured
gasses, and coal chemicals. A sharp increase is anticipated
in the use of the basin's coal for generation of thermal-
electric power.

Fish and Wildlife

Fish and wildlife resources of the Missouri River Basin
are among the most outstanding in the Nation. Much of
the Nation's best big game, upland game, and waterfowl
hunting and coldwater fishing is in the basin. Each year Forests Provide Outdoor Recreation

" -

-ai

Deer - The Major Big Game in the Basin
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from north and northwest in winter. Although the precipitation occurs a; snow in the wintet. Average sn6w-
mountain and foothill areas have less-wind movement falls of 100 inches or more are common throughout the
than the plains, wind directions there have greater local Rockies.
variation. Maximuni wind velocities-range between 45 Mountain snow packs form important reservoirs of
and 120 miles per hour with the higher velocities re- water, and melting snow during the spring and early
corded in the Great Plains. Average monthly wind summer supplies much of the annual stream flow ii the
velocities range between sevenand 13 miles per hour. basin. Much of the irrigation is dependent upon these

High winds with high -temperatures increase evapora- snow-fed flows.
tion. damage or dry out crops, and frequently cause The Rocky Mountain area produces significantly
severe dust storms in some areas. These hot dry winds higher annual runoff than other parts of the basin. Due
are frequent during the spring and summer months. to the melting of the snow packs, monthly runoff is

During the winter, in most parts of the basin, greatest during the late spring months and decreases
blizzards are a normal hazard. These blizzards are often through the summer. fall. and winter. The base flows for
a menace to human life, livestock, wildlife, and property most streams are sustained by melting snow and summer
as well as to public services and transportation. precipitation. much of it entering the streams as ground-

Annual precipitation is perhaps the most critical water. In general, runoff increases with elevation.
climatic factor since it affects directly the economic Some flood flows in the Rocky Mountains occur in
health of agriculture, the basin-s primary industry. The the warm season, usually as flash floods. High peak dis-
amount of annual precipitation, its form, and its seasonal charges are produced by relatively low volumes of flood
variation are related to the topographic areas within the runoff. The larger annual floods on streams with appre-
basin. As a generalization, the annual precipitation ciable drainage are frequently caused,by combined snow-
patterns can be broken into three board classes which are melt and rainfall. In the smaller streams, rainfall is the
related to the mountainous areas. the Great Plains, and primary cause of floods.
the Central Lowlands. The Ozark Plateaus area yields average annual runoff

The higlest average annual precipitation within the in the range of from six to 12 inches. Flood runoff is
basin occurs in the mountainous areas. ranging to over comparatively high. The groundwater flow of most
40 inches in portions of the Rocky Mountains and the streams is moderate to high because of the numerous
Ozarks. In the western mountains, much of the annual springs draining the aquifers of the area. Flood flows are

Accumulated Snow Contributes to a More Constant Streamflow Throughout the Year
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CHAPTER 2

LAND OWNERSHIP AND MANAGEMENT

OWNERSHIP State-owned lands, mostly school-grant lands amounting
to about four percent of the basin, are grouped with
private lands as they are generally leased by the farmers

All of the Missouri Basin, in the United States, was and ranchers for agricultural purposes. Indian-owned
included in the Louisiana Purchase of 1803. Title to the lands are privately owned lands for which title is held in
Louisiana Territory was delivered to the United States trust by the United States and for which the United
thereby placing all of the area in Federal ownership at States has certain management responsibilities as trustee.
the time of the purchase. Through sales, land grants, and Lands owned by the United States are managed by
various special and limited homestead acts passed by the several Federal agencies: The Forest Service, 19.4 rail-
Congress, most of the area passed to private and state lion acres; Bureau of Land Management, 18.5 million
ownership. Current ownership is shown in table 6. acres; National Park Service, 2.3 million acres; Corps of

Within the "private-county-state" category, the farm- Engineers, 2.0 million acres: and the Bureau of Reclama-
ers and ranchers are the largest. landowners in the basin. tion, 1.0 million acres. Lesser acreages are managed by

Table 6 - LAND AND WATER OWNERSHIP

Subtotal O
Total Non-Federal National National

Subbasin State, County Subtotal Forest Public Park Public Recla- Other
Subbasin Unit Ara and Private' Federal System Domain System Works mation Federal 2

(Thousand Acres)
Upper Ac. 52,963 39.363 13,600 5,923 5,901 673 609 248 246
Missouri % 100 74 26 11 11 1 1 1

Yellow Ac. 45,200 29,766 15,434 5,830 7,750 1,250 0 536 68
stone % 100 66 34 13 17 3 0 1 *

Western Ac. 49,356 43,091 6,265 3,743 1,275 214 585 74 374
Dakota % 100 87 13 8 3 * 1 *

Eastern Ac. 37,304 36,529 775 3 3 0 599 6 164
Dakota 5 100 98, 2 * * 0 2 * *

Platte- Ac. 63,675 55,807 7,868 3,694 3,586 170 5 110 303
Niobrara , 100 88 12 6 6 * * *

Middle Ac. 15,744 15,696 48 0 0 0 27 0 21
Missouri % 100 99 I 0 0 0 * 0

Kansas Ac. 38,875 38,510 365 0 2 0 146 98 119
100 99 1 0 * 0 1 *

Lower Ac. 25,391 25,063 328 177 0 0 38 0 113Missouri % 100 99 1 1 0 0 * 0 *

Missouri Ac. 328,508 283,825 44,683 19,370 18,517 2.307 2.009 1,072 1.408
Basin " 100 86 14 6 6 I 1 * *

Source: Data from I ederal agencies and National Incntory of Soil and Wa ter Conservation Needs, 195S. USi)A.
Total is Buream of Cesus 1960 Land mnd Water Areas, adjusted Iy basin bounldary.

t ~, hanll 0,5 perent alnd 1,000 acres.

I Incluldes Idiani.owned land to \0heih title is held in trust by the United Stlates2h1helude, Iederal lds 111anlaged 1 the Agrultural Itesear ,h Seite. the Burvati of Sport I i,, adilt lllfe the litar ,
anld the I'ederal lanldsl admlilnisiered l b the B~ureau of iIndw Affairs \%hich ,are prvdon)iiiw tl x mtinwi'giiili nki , ah ,+o ilncltle
+,whool anld oldninistrati'e sties
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the Military, the Bureau of Sport Fisheries and Wildlife, MANAGEMENT AND ADMINISTRATION
the Bureau of Indian Affairs, and the Agricultural
Research Service The management of the basin lands falls into two

Private land ownership including state and local broad categories-private and Federal. Since the per-
government-managed lands amounts to 284 million acres, centages of lands owned by the Indians, the States, and
or about 86 percent of the total. Federally owned and local gove.nments are small, they have been included
managed lands amount to 45 million acres, or about 14 with the private lands (table 6).
percent of the total area. The distribution of ownership
varies by subbasins with private land ownership being P Lands
the highest in the Middle Missouri Tributaries Subbasin The management of nrivate lands within the basin is
where 99.7 percent of the area is in non-Federal owner- vested with thousands o' individuals, corporations, and
ship. The lowest percentage (approximately 66 percent) legal entities. Except for some general restrictions, such
of non-Federal ownership is in the Yelowstone Subbasin. as taxes and zoning laws, these individual managers have

.Figure 10 shows the land and water ownership for traditionally had the right to use their land much as they
each subbasin. The location of the Federal lands is shown saw fit. It has been the decisions of these managers which
in plate 2. have determined the present patterns of land use.

FIGURE 10

LAND AND WATER OWNERSHIP
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Nf.U N N SCATTERED AREAS OF C0~44INGLED FEDERAL, STATE. COUNTY
AND LOCAL. AND PRIVATELY OWNED LANDS EXCLUDED ARE

-- MILITARY LANDS, RESERVOIR LANDS, FEDERAL AND STATE
RIGHTS-OF-NAY AND MISCELLANEOUS LANDS. THE BOUNDARIES
OF INDIAN LANDS. ESTABLISHED BY TREATIES AND PROCLAMA-
TIONS. USUALLY ENCLOSE MORE ACREAGE THAN IS HELD IN

1~ 9BASIN BOUNDARY O k0SUBBASIN BOUNDARY

V / I UPPER MISSOURI SUBBASIN

IOW'~A 2 YELLOWSTONE SUBBASIN
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U LOWER MISSOURI SUBBASIN

LAND GENERALIZED
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-LAN OWNERSHIP STATUS
1965
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Basically. lite management practices in tile private Perhaps thie most important trend itt private land
sector are controlled by economic conditions. and lte mianagentent is the increased-intensity of use being made
resulting vise of thle pr;,ate lands. in-the broadest sense, of agricultural lands. The cost squeeze between rising
is the optimizing of economic benefits. Thus, the broad production costs and lte stable or declining prices re-
patterns of livestock raising, cropping. timber. industry. ceived for farin products has forced many agricultumralist%
and urbanization represent the best economic use of tilc to increase their efficiency in order to stay in busins%.
land. Unless there is a major change in thie general The result hag been an increasing immplementationt of,
economic conditions of ltc Nat'omi. thle general land use such things as private irrigation. feedlot op~erations. and
pattcrns will continue into thle futture. land and water conservatiotn meastures.

No large economic changes or massive shifts in Thie third chamute in land mnagei~mnent has resulted
primary land use within thie basin are anticipat2d. [low- frmteepnin fubn2to. leehsbe
ever, there will be numerous smiall shifts in local patterns cniun
throughout the basint. and thie total effect is expected to cotnun growth of the cities to accommodate the tu-

be adeceas, bya sallperentae. n fie lnd sedfor creasing numbers of people living in the basini. Althotugh
baictres.b ml ecnag.i h adue o the total acreage affected is a Nit Iall percetnt ot the total

Event thtough shifts it prinmary land uses have not beeitn st.ti hnei iiiicttbcts~ftt ubro
lantdownters intvolved and thteir dlensity. This trend ltas in-large, tlte chtanges in management practices ott the private crae th awrteshtubmtitit eesite

lands have beeni signtificatnt. Perhaps three of the more crae tiewrnssttubnzton eestae

importattt trentds in tmanagement practices have beett the large. attd often comtplicated. needs for specialtzed land
consolidation of agricumltumral htoldings, the intensifyinig of tatgitn rcie tcta oit.~ae uiofai
land tise. attd urbanizationt. flood cotttrol. trantsportationt, recreation, avod open spauce.

Thte contsolidationt of agricultural lands into fewer, but The drive of thie p~rivate lanidownter. botht urban amnd
larger units has beent taking place for several decades. The rural, to enhance his econtomic benelits is a potent force
obvious result of this consolidationt hasbeen tlte decrease iii lantd muanagement. Sucht individtual managers readily
in tlte ntumber of landowners. btmt it has also speeded (ite adopt those practices whticht will allow thent to inicrease
adaptation of tiew matnagemnt practices because the re- their economic returns while thtey resist those plactices
mainimtg lattdowners Itad tlte space tupon whticht to use which interfere. Aity futture changes itt lantd use or
them. Partictularly imnportantt htave beeni mechtanizatiotn. mtanagemntt practices whticht are contsidered desirable
cropping practices, andl contservationt meastures. It is ex- will htave to cope wvith thtese response,, fromt tlte private
pected that tltis trend Will conttintte itt tite ftuture. ownters.

.,t <

VA3



Much of the development in tile planning framework forests, all tied together under comprehensive. coordi-
for tile basin is the expected private investment in new nated multiple use plans.
land practices and use. particularly irrigation. It is felt Water from the forests irrigates agriculural lands and
that th.se investments will occur unless they are legally is used for domestic and industrial purposes. Timber
constrained or unless economic incentives occur which from the forests is mamfuactured into wood products.
emphasize differing goals. National forests and iational grasslands provide habitat

for big and small game animals. game birds. and also fish.
Federal Lands They also produce forage for cattle and for sheep. Out-

door recreation in the national forests includes scenic
National Forest System- ilhe National Forest System drives. wilderness travel, picnicking. camping. hiking.
in the basin is comprised of all or parts of 18 national skiing. swimming. boating. and exc,llent fishing and
forests, eight national grasslands. and two Land Utiliza- hunting. The public has free access except where special
tion Project areas totaling 19.4 million acres (table S-3). user fees are charged for tile use of well developed rec-
These lands :tre administered by the Forest Service of the reational facilities.
Department of Agriullture. Timber from tile national forests is harvested under

As directed by Congress, renewable forest resources- term timber sale contracts by private logging and milling
water, timber, forage. wildlife, and recreation-are man- enterprises. Rangelands are used by ranchers for live-
aged under the principles of multiple use anu sustained stock grazing under paid permits. Most of the grazing
yield. Multiple use means that resource management is permits are IO-yetr term permtts to assure :ontinued
coordinated so that areas of land produce a combination stability to the agricultural econily dependent upon
of values that best serves the American people. Sustained this resource. Twenty.five percent of the income frotm
yield means that resources are managed so as to provide the national, forests and national grasslands goes to the
services and products at a level of supply as high as can states and counties where the forests are located for
be sustained without harming the land's ability to pro- public roads and schools. In addition, ten percent of the
duce. Under such management, national forests represent income is returned to the Forest Service for construction
the Nation's largest tangible accomplishment in forest re- and maintenance of forest roads and trails. The balanct:
source conservation. There are many uses of tile national of 65 percent goes to the United States Treasury.

44,
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The Forest Smrict, gave early recognition to prescrva- The traditional concept of tile public lands as a-
tion of wildIerness. and in 1924 the agency deintd grazing resource only is gradually b~einlg broadened. fit
specific areas as wilderness arcas withtin the national th~e Missouri Basin dtiring periods of proper use, these
forests. The initial 1 .6 million acres of the Natjoi-iI lands support 1 .200.000 cattle and mwice that number of
Wilderness Preservation System created in 1964 are in sheep. Over 190.000 big game animals (,raze the lands.
nine national forests wildernesses. previously classified as utilizing forage reserved for their uise. Approximately
Wilderness and Wild Areas. Another 900 thousand acres 26.000.000 board feet of sawtiniber le cut annually.
of the national forests. set aside in seven Pinnaitive Areas. There are an estimated 1.440,000 annual recreation
-ire ben;gsuidfrposbeicuin nteWlcns visits to the public domain. This includes those by

System (table 7 and plate 3). The wildernesses are an in- sportsmen who harvest somne 17.000 antelope. 27.000
tegral part of multiple use in thec national forests. [in deer. 53.000 upland game bids. and substantial numbers
management of these units, emphasis is p~laced on keep- of other game and fish. Mineral products are extracted in
ing and restoring the natural conditions for the many quantity, particularly oil and gas: 17.5 percent of the
people wvho seek recreation and enjoyment away from revenue derived is returned to the state of origin. 52.5
civilization. Mechanized equipment is not pet nutted. ex- percent to the Federal Reclamation Fund. and 10.0 per-
cept in cases of emergency involving lives or property: cent to the United States Treasury. Public land water-
trees are not cut:- and roads and all developments excep~t sheds contribute importantly to main-stem, flowvs. and
foot anad horse trails are prohib ited. Fishing. hunLin 1g. their vast acreag-,s are being recogni/ed for their Con-
camping, hiking. and grazing of domcstic livestock are tributions to thie "openi space" philosophy.
permittedl. Public domain lands are managed by a decentralized

organization with major responsibility delegated to its
field representative.,. Framewon k policies expiessed by
Congress are carried out to stabilize the livestock indus-

Public Domain- The Bureaui of Land Management nun- t y. conserve soil and othet nat ural resources, to utilize
ages the remaining ptiblic domnain lands and resotirces. and protect timibei . mineral. aind othecr resources, en-
the basic administ rative tunits being thie eleven districts couirag~e such mtilt iple uses as recreation and fish a'
within the basin, wildlife uitilization: and to make the lands availabe, for

Within the Missoturi Basin there are 18.5 million urban occupancy and industrial development. Land
acres of public domain. locaitedl principally in Montana, classification is underway onl a basinwide scale ito desig-
Wyoming. Colorado. and the Western Dakota,, The basic nate areas adapted to continued Federal retention and
Federal management objective ior these lands is to management. for tise and preservation of their public
achieve thecir maximum use in the public interest, con- valuecs, and to identify those needed in special local
sistent with conservation, and with development of the government programs and those best suited for p~rivate

productive capacity of thie renewvable resourcs (table S-5). ownership.

Table 7 - NATIONAL WILDERNESS PRESERVATION SYSTEM

______________Location

Unit Area National FoetState Subbasin

(11iousand
Wilderness Areas: Acres)

Anaconda-.Pintlar 73 Iteaverhead Montlana upper NMi'Souri
Bob1 Marshiatl 240 tLewis & (Clark Monzla Upper Niksou ri
G;ates of (tie Mou ntain 29 IHelena 1Montlana Upper Ntiksou:ri
North Absaroka 35 I Stio~Iuollc W onwing Yellowstone
teton 279rka50 Shoshione Wyoming Yetlo"S %onle

Teoth 279ra50 Shoshione W\ onling )'Clo\%%tone
hiridlger 5 S lridger wyonling Plat te-Nioibrara
Rawah 27 RooNVel t iColorado Phail tc.Niobrarai
Mt. Zirket 54 Ront iC'olorado P1 t te-N iobrara

lTat 1.564
Primitive Areas-

Spankti P'eak% 50 Galla~tini Montanla Upper Mi%so i
Abs~aroka 1 64 Gallatin Montana ~ YeIlosi one
tIlartooth 175 Custer Monl lana eos'if
Stralifiedl 204 Stio\'hone \ Voining jYellowstione
Glacier j 177 S11o0huone W onling y~tostonle
lPoI) Agie 70 1Shuo%tuoi' Wyi'0ng yCIto\%\1omw
(louid Peak 137 ltigtnor 'Wy0llll.! Yellow S oiIC

Total . 877 __________ ___
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Nationsa Parks Sr'siem- The National Parks System is Table 8 - INDIAN-OWNED LAND AND
composed principally of areas of land and water of ex- POPULATION BY RESERVATION ___

ceptional senic. historic, and recreational interest and 1965 16
value. Ini the national parks, all established by acts of IIda-we oua

Congress. geological features and all plant and animal life Reservation Subbasin Land' 1 tion
are carefully protected, The Act which established the (Acres) (No.)
National Park Service directs the Service to administer IfaketUpper Mi~wari 945.008 6.600

For le~nl) Upper p~or 595.768 1.635
lte areas of thle National p~arks System in accordance Fort Peck Upper Missouri 890.975 4.000
with thle fundamental purpose of' conserving their Rocky Bioys Upper MIissotiri 107.612 880
scenery. wildlife, natural and historic objects. and Crow Yellowstone 1,574.230 3.190
provide for their enjoyment "in such manner and by such lNorthern

Cheyeine Yellowstonie 433.227 2.495
means as will leave them unimpaired for the enjoymllent wind River Yetlow'stonle 1.887.372 3.580
of fttire generations." Thecy are, in a sense, great otit- StanimiIii Rock WVestern D~akota 851.866 4.640
door museumns. Only such developments are p~ermittedI Cheyenne Riter Wvstern D~akota 1,456.634 3,840
as are needed for thle management. protection, and ad-. Forl Ierihold' UXcstcrn Dakota 1 275.927 1 1080

L~ower lirtik Western D~akota 100.11 7 i 570
ministration of thle areas, or are required for the comfort Pine Ridge \%cslerit tDakota 1,501.394 9.600
and convenience of those who visit them for thle iecrea- Rosebutd Western D~akota 938.457 5.200
lion and inspiration they offer. Yankton I-astern Da.kota 35,506 I1.320

All animual species inl the parks receive p~rotection. sub- Crow ('reck Lastern Da.kota 107.370 1.140
ject to necessary controls. Virgin forests remain unlogged Port Ilerthotd, tUiserrn Dakota 14.7 1'610
to go through their natural cycles. Grazing by domestic Ssswimin ta'tern1 Da.kota i 38.000 770

lietoki lmte n i eigseaiy erasd. le Santee Middle MissUril 5,802 320
livstok i liite an isbeig seadly ecra1e11te111da Middle Missouri 27.70)3 1,090

ultimate ob~jective is to eliminate it completely. National Winnebiago Middle Missouri 29.368 750
park lands, with a few exceptions specifically authorized Iowa~ Middle Missouri 1.463 235
by Congress, are not subject to mineral entry. Impound. aan o idl mtn19 3

ment of lakes or streams for irrigation, hydroelectric lKtas.ittoii KansasI 4,9495 980CiePoluo ] Kanlsas 41.495 65
powver, or other purposes is opp~osed in accordance with Iwi IisnIt789 5.3
the priucipk recognized when the parks and monuments ~-- - -.-
were exempt)1ed fromt the provisions of thle I1920 Federal *14.i ied In ow Sn Ubhasins .,id Mild aireai .id p~optnaiion

Power Commniission Act. The basic policy is to preserve IAtrv rs o land oss nd b% tdiku title of \ ih ti% hield ill
trm s tile I nliit-d States, Gowrernt .

natture. as created, and to p~rov'ide areas for visitor 21tvwr, mon laud ale.i aind poipni.tion %% itiii lite i~ drologic
app~reciation and tise. boim r t ite I ,,smern Dt).i~a I nrn lanes Snubhasin . coin-.

The Ntionl Pak Scrvic admiistes I ares ii thepare% \% itii a I nra, ot i W0~21 i .cres. m id 2,275 popola ki ion
TheNatona Pak Srvie aminstes 1 aras i lietile en Iilre Inem'il on (wee plite 2)

basin (plate 2). Three categories are usedl to classify p~ark
installations: Natural areas, historical areas, and recea- not p)1ovide their lad ian citizens all oflte services thiat
tional -areas. tiach year these p~rop~erties. itovering some a re provided for other citizens. Ini its role as trustee for
2.3 million acres. are enjo~ ed by more and more people Indian lands, lte Federal Government. thiotigl thle
(table S-5). Butreau of' Indian Affairs (B31A) generally p~erfortms thie

followingo functions: (a) Supervises thle leasing of both
hidian Reservations~- Indian land within thle Mis,,onii triball owned and mdi'iduall\ owvned latids; (b) super-
River Basin is iimarily toncentrated within lte reser- VISeS thie iluikCv of' fee 1ptent1 to) individually owned
vat ion areas shown onl pl~it e 2. Til tI-) tis Ian tis hield tin lands that me sold III non-Indians. Gc ) stiervise.% thie sale
trust by the United Statw, Gove nie nt. hut it is pite tI it I iiin limbetr. Id) super i ISCS mineral leasing I ild ing
land ownedI either byv Indian t ribes tor b\ i ndivRidual oill and gas)I. (e) ,is itisi guarding again,,t trespass onl
Indians. Althoug~h these reservation areas were at one I itiin lands. If) dcx elops and carries out land and wvater
lttne almost entirely tin Indian ownership. land sales b\ con1sers101 atpi )ograifls. (g) atssists inl timber and range
individual fi1(1ialus to noni 1ndta u have resulted tit ma nv ma nag~emenlt. (it) m nains record. oit lantd titles. sales.
thousands of acres onl these ieserva tions ilow beiiig and c\ciaii1C. aiid t ml rece as.nd distrtbu tes income
ownedl in lee lby noii.I dians. Iloxs ever almost 12 million fioin surfitt, leases,. iitiial lease%, timber sales and
acres of land in itese reservation areas remain in tribal or otller ources .
individunal own ership wivi tte title held titt b M (lie Ini *dd it ii to thle di ret Ianud ma nagemem act ivi ties,
Uni ted Stat es. Tlh e acreages of' Indlianl-ownled Illmnd ani d spectmI pi ogim IX lte Buteau oit Inudian Affta irs inclutde
Indian popitla ions are as shown tin table 8. actliviti tin edutcat ion. social welfare, law and order.

As a result of the title to Inuditan land being held in, credit, ht must g. eniploy men assistance, toad constr ic-
1-edera i t ruttsi tese land san exempt from a \a t on. antd lion an d till te mte * i rtigaiion devvlopinent and man-
becaus of tis exemption. m11t1n1 state tiox crutuicts do Tvineiit. aud other phase,, tit econiomic dlevelopmtent.
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The U. S. Public Health Service provides medical facili- V
ties and other health oriented services. These programs
stem from the trust relationship and the tax exempt
status of Indian land.

The Bureau -of Indian Affairs' role is that of supply-
ing to the Indian people the technical services provided
to non-Indians by other agencies. In nearly all of these
activities the Bureau works closely with the tribal gov-
ernments and is aware that attainment of the Indian's
objectives will require the efforts of many agencies of
both Federal and State government.

Reclamation Projects- The Bureau of Reclamation
manages Federal lands that have been withdrawn and
acquired for reclamation purposes. Multi-purpose manage-
ment of these lands includes management for water
storage, irrigation, and municipal water supplies, recrea-
tion, fish and wildlife, power, and project-service facili-
ties (table S.5). Military Uses Forest And Rangelands

The operation and maintenance of the system of For Bivouac And Training Areas
works, including associated lands for rights-of-way. Agricultural Research- The Agricultural Research Ser-
normally is turned over to a local sponsor as soon as vice conducts research relating to the production, utiliza-
practicable after the project works have been tested. tion, and marketing of agricultural products, and to the
Annual or periodic joint inspections with district per- control and eradication of pests and plant and animal
sonnel help assure attention to properoperation, mainte- diseases. It also conducts related research with respect to
nance, and general management of the project works and quarantine anl to regulatory activities in marketing of
lands. Operation of power facilities and sometimes dams, farin products.
reservoirs, supply canals, and associated lands remains To cairy out these assignments, the Agricultural Re-withy thehseasigmntBureau.ulurl e
with the Bureau. search Service administers and manages several tracts of

Flood Control Projects- The Corps of Engineers. De- land in the Yellowstone, Western Dakota, Platte-Niobrara,

partment of the Army, manages certain lands that were and Kansas subbasins (see table S-3). These lards include

acquired primarily for flood control and for water re- those withdrawn from the original public domain, lands

source development purposes. These lands are managed acquired under Title Ill of the Bankhead-Jones Farm

for nultiple-purpose use that iicludes management for Tenant Act (7 U.S.C. 1010 et seq.), and lands acquired

river flow control, flood control, power development, for research purposes.

navigation, irrigation, municipal water supply, recreation, Fish and Wildlife- The Bureau of Sport Fisheries andand fish and wildlife. Fs n idie h ueuo pr ihre n
aCihln wokldsfe lWildlife administers tracts of Federal lands and waters in
Civil work lands are also administered by the Corps of all subbasins (see table S-5). These include 65 National

Engineers. These consist of over two million acres of land all i Ree t l Fsh incude atio250that were acquired primarily in fee or transferred from Wildlife Refuges. 10 National Fish Hatcheries, and 250
public domaier orthe constdm run orrandsperadion o Waterfowl Production Areas (see plate 2). Managementpublic domain for the construction and operation of objectives are perpetuation of fish and wildlife species

water resource development projects, mostly reservoirs. objeties are ee t of fish and wildlife
Although the basic responsibility for management of and the use and enjoment of the fish and wildlife
project lands rests with the Corps of Engineers, Federal, resources.Stat, ad lcalgovrnmntalagecie domange or- The National Wildlife Refu~ges contain 409,600 acres.Stae, and local governmental agencies do manage por- They are managed for migratory birds, resident wildlife,
lions of the areas for various purposes including recrea- eydare mne d for tor bi eid ent ftion and fish and wildlife. Some project lands arc also endangered species, fishl, and for thle public enjoyment of
mad h a ilble lseto private parties for agricul- natural resources. A principal purpose of the fish hatch-
made available by lease eries is to enhance sport fishing through propagation and
tural purposes (table -5). distribution of fish. Also, the Bureau of Sport Fisheries

Aililar'- Military branches of the Department of Do- and Wildlife administers 250 tracts of Waterfowl Pro-
fense own and administer military areas such as Fort duction Areas containing in all 48,000 acres. These areas
Leonard Wood, air bases. missile sites, and military were acquired and are managed to provide the best pos-
cemeteries. Specific administration is by the respective sible conditions for wildlife. The Bureau also administers
Department (Army, Navy, or Air Force) that is using the about 1,400 acres in miscellaneous tracts acquired for
land (table S-5). specific fish and wildlife purposes.
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Most Of The Agricultural, Transportation, Urban, And Built-Up Areas Are Privately Owned
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CHAPTER 3

LAND CLASSIFICATION AND INVENTORY

LAND RESOURCE CATEGORIES similar crops, require similar conservation treatment, and
have comparable productivity." Units are grouped into

Information concerning land as a resource for agri- land capability classes and subclasses by subbasins inInfomaton oncenin lad asa rsouce fr ari- table S-54.
culture, forestry, recreation, wildlife, and other uses in

the basin has been assembled and classified in a national The land capability classes indicate potential for
system that places all areas in the general categories of cultivation or other use and the intensity of soil prob-
land resource regions, major land resource areas, land lems. The risk of soil damage or the limitations in use
capability classes, and land capability units. become progressively greater from Class I to Class VIII.

Land resource regions are geographically associated Land in Classes I through III is suitable for regular culti-
major land resource areas. They divide the United States vation and a wide range of other uses: land in Class IV is
into 20 physiographic regions which are sufficiently uni- marginal for cultivation; and land in Classes V through
form to be significant for national planning. Parts of VIIi is generally suitable for noncrop uses only. These
seven regions are in the Missouri Basin (figure 11). Table land classifications are defined in figure 12.
9 lists the-land resource regions of the basin with a brief
description of the physical and climatic characteristics The land capability subclasses are groups of capability
and principal crops. units within land capability classes that have the same

Major land resource areas (LRA) are subdivisions of kind of dominant limitations for agricultural use. There
land resource regions and are defined as broad geo- are four subclasses of limitations designated by small
graphic areas having similar soil, climatic, geologic, veg- letter. There are no subclasses in Class I. The subclasses
etative, and topographic features. In the United States are defined in figure 12.
there are 156 such areas, of which all or parts of 40 are
found in the Missouri River Basin. Table 10 lists the land In order to estimate the potential agricultural pro-
resource areas of the basin along with a very brief des- duction capacity of the basin for study purposes from
cription of the soils. available soils information and Conservation Needs

The land of the Missouri River Basin has a wide range Inventory data, it was necessary to group soils of

of climatic and soil conditions and therefore a wide range similar production capability rather than the tr~ditional

in capacity for agricultural use. The National Inventory groupings of soils that emphasize erosion problems,

of Soil and Water Conservation Needs (CNI), 1958, climatic factors, and topographic features. Soil resource

USDA was used in developing acreages of land capa. groups (SRG) reflect this similarity in production poten.
bilities. Data from soil surveys were used in classifying tial and aie defined as "A grouping of land capability
the land. The inventory provides three major categories units, or soils that have similar cropping patterns, yield
of land capabilitiest (1) land capability class, (2) land characteristics, response to fertilizer, management, and
capability subclass, and (3) land capability unit. land treatment measures." This classification transcends

land resource regions, land resource areas, and political
Of the 312 million acres of agricultural land in the boundaries. Present and projected yields, cropping pat-

basin, 273 million acres, which includes all privately terns, production costs, and other production data were
owned land and all other land used for crop production, developed for soil resource groups. By using a 3.digit
were classified into Department of Agriculture land numbering system, the SRG groupings lend themselves
capability units and classes. Land capability units (LCU). to machine data processing and the production informa.
traditional soil classification nomenclature, and the tion car! be aggregated or disaggregated in accordance
smallest subdivision used in the study. are defined as "A with study requirements. Table S.45 describes the soil
grouping of otie or more individual soil mapping units resource groups. Land capability units are listed by soil
having similar potentials and continuing limitations or resource groups in the Statistical Supplement of this
hazards. Tite soils are sufficiently uniform to produce Appendix.
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FIGURE I1I

LAND RESOURCE REGIONS AND
MAJOR LAND RESOURCE AREAS
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Table 9 - LAND RESOURCE REGIONS, MISSOURI BASIN

Laud Resource Region Desciption

D. Western Range and This is a semidebert re ion of plateaus, plains. bains. and isolated mountain ranges. The annual
Irrigated Region precipitation is 10 inches or less over most of the plains and basins but more than 50 inches on

some of the higher mountains. Approximately 50 percent of the precipitation falk during the
growing season. Average annual temperatures in most of the region are 40 to 50 1.., but they
range from 350 F. at the higher elevations to more titan 700 F. on the plains. The freez-free
season ranges from less than 90 days in the north and in some of the higher mountains to more
than 120 days on the plains.

Much of the land in this region i6 used for range, but irrigation agriculture is practiced where
water is available and soil% are favorable. Feed crops-for livestock occupy most of the irrigated
land, and peas, beans, and sugar beets are grown in many places.

E. Rocky Mountain Range and Rugged mountains are the dominant feature of this region. but there are some broad valleys and
Forest Region remnants of-high plateaus. The annual precipitation ranges from 20 to 40 inches over much of

the region, but it is less than 10 inches in some valleys and 50 inches or more on soei of-the
mountain jxaks. Average annual temperatures are mostly 400 to 450 F., but they range from
35 to 50 F. The freeze-free season is 100 to 140 days in most valleys and basins but decreases
to 40 days or less in the high mountains where frosts occur every month of the year. Some of
the highest mountains are covered by glaciers and have permanently frozen ground. Foothills in
the southern part have a freeze-free season as long as 160 days.

Grazing is the leading land use in both valleys and mountains, but lumbering is important in
sone of tile forested mountain areas. Recreation is an important land use throughout the region.
rrigation agriculture is practiced in some of the valleys and dryfariing in other.. Grain and

forage for livestock are the main crops. beans. sugar beets. peas, and seed crops are also grown
where soils, climate, and markets are favorable.

F. Northern Great Plains Spring The fertile soils and the dominantly smooth topography of this region are favorable for agri-
Wheat Region culture, but the low rainfall and short growing season severely restrict the crops that can be

grown. The annual precipitation ranges from 10 to 24 inches, and a large part of it occurs during
the growing season. Average annual temperatures are 400 to 450 1. over most of the region.
The freeze-free season ranges front 100 to 145 dayiwereasing in length from north to south.

The production of spring wheat by dryfarming methods dominates the agriculture of tie region.
Other spring grains, flax, and hay are also grown. Potatoes are grown in many places, and sugar
beets and corn arc important.

G. Western Great Plains Range In this section of the Great Plains unfavorable soils, strong slopes, or low moisture supplies
and Irrigated Region make success at dryfarming very uncertain. The annual precipitation ranges from I I to 24

inches but fluctuates widely from year to year. Average annual temperatures arc 450 F. in
much of the region, but they range from 400 F. in tile north to 60o P. in the south. The freeze-
free season ranges from 100 days in the north to 160 days in the south.
A large part of the region is in range- some wheat is produced by dryfarning methods, mainly
along the eastern margin. Irrigation agriculture is practiced along some of tile major rivers.
Forage and grain for livestock are the principal crops on irrigated land; potatoes, sugar beets,
and vegetable crops are important locally.

II. Central Great Plains Soils, topography, and climate are more favorable for agricolture in this region than in the
Winter Wleat and Great Plaiins to tile north and west. The longer freeze-free season permit% a greater variety of
Range Region crops to be grown titan in the northern Gieat Plains. The average annual precipitation is 20 to

30 inches over much of the region but ranges from 15 to 35 inches, increasing from northwest
to soutlieast. More rain falls during summer than in the rest of tile year. Average annual temper-
atures are 50° to 650 F., increasing from north to south. 'lie freezefree season is 170 to 180
days in most of tile region.
Cash-grain farming with wheat a, tie principal crop is the major agricultural enterprise on miost
of tile better soils. Grain sorghum is grown in many of the drier areas. The steeply sloping
shallow and sandy soils are used for range.

M. Central Feed Grains and Fertile soils and favorable climate make this one of the outstanding grain-producing regions of
Livestock Region the world. The annual precipitation ik 25 to 35 inche,% over much of the region but ranges from

20 inche in the extreme northwest to 45 inches along the eastern and southeastern fringe.
Somewhat more than half falls during tle growing season. Average anntal temperatlres are 450
to 550 F . in iueh of the region but range from 400 1'. in the e\lrene northwest to 600 F. ill
the southeast. The freete-frec season is 140 to 180 days in ltost of tile region.

Corn, soybeans. oats, and other feed grains are tIe most etcniv'ely gro\tn crops, Ilay. winter
wheat, and tnlty other crops are grown also. Much of tile grain is fed to beef cattle and hogs on
the farms where it is grown. but a large ,nmount i shipped to other regions bor livestock feed,
Part of the grain is processed for foodt and for indtrial uses.
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Table 10 (Continued)

Land Resource Area soil

G WESTERN GREAT PLAINS RANGE AND IRRIGATED REGION (Continued)
64 - Mixed Sandy and Silt)' Chestnutsare the dominant soils with bands of Lithosols and Regosols running through. Alluvial

Tableland soils on floodplains are of small total extent.
65 - Nebraska Sand Hills Stabilized dunes that have little evidence of soil formation except a ,slight darkening of the

upper two or three inches occupy nearly one-third of the area. Regosols and Hunic Gley soils
make up the rest of the area.

66 - Dakota-Nebraska Eroded Sandy and silty Chernozems occupy most of the gentle slopes and clayey Chernozems occupy
Tableland the rolling hills. Brunizems are in sandy areas with better moisture supplies and Regosols on the

more sloping sandy areas.
67 - Central Iligh Plains Brown and Chestnut soils are dominant on gentle slopes and Lithosols and Regosols are on the

steeper slopes. Alluvial soils are on the narrow floodplains of the larger streams,
68 - Irrigated Upper Platte Brown soils and Chestnut soils are the principal ones. Liihosols are on the more sloping areas.

River Valley Alluvial soils on floodplains and younger fans are among the more important soils for crops.

H CENTRAL GREAT PLAINS WINTER WHEAT AND RANGE REGION
71 - Central Nebraska Loess Hills Chernozems are dominant on gentle slopes of uplands and terraces and Regosols on steep

slopes. Solonetz soils occupy small, nearly level areas or terraces; their total area is small, but
they are conspicuous and affect the use and management of adjacent soils.

72 - Central ligh Tableland Chestnut soils occupy half or more of the area. Regosols and Lithosols are on steep slopes.
73 - Rolling Plains and Breaks Chernozeis in moderate to deep loess cover much of the area. Regosols are on the steep slopes

bordering many of the valleys. Alluvial soils are on the floodplains of tle larger streams.
74 - Central Kansas Sandstone I lills Brunizems are the dominant soils with Lithosols on the steeper slopes. Chernozems and Alluvial

soils also occur.
75 - Central Loess Plains Chernozens are dominant with Planosols also occurring. Regosols are on strongly sloping valley

sides and Alluvial soils on floodplains.
76 - Bluestem Ilills Lithosols are very extensive. Brunizenis and Planosok are in the more deeply weathered clays.

shales and limetones of nearly level and gently sloping upland. Alluvial soils are on the flood-
plains of the larger streams.

M CENTRAL FEED GRAINS AND LIVESTOCK REGION
102- Loess, Till, and Sandy Chernozens are dominant in tie north. Regosols and Ilunic Gley and Solonetz soils are

Prairies extensive. Alluvial soils are on the floodplains.
103 -- Central Iowa and Minnesota Brunizems and Gray-Brown Podzolic soils are dominant. Associated soils on wet flats and in

'fill Prairies depressions are Ilumnic Gley soils.
106 - Nebraska and Kanas Irunizerns are the major soils. Regosols are on the steep slopcs while Ilunic Gley sois are on

.oess-Drift Ilills the relatively narrow wet bottonlands along most streams.
107 - Iowa and Missouri Deep Brunizens are the major soils. Regosols are e:tensive. Gray-Brown Podzolics occur where there

Loess Ilills is more moisture. Alluvial and Ilumic Gley soils are on the low lands.
108 - Illinois and Iowa Deep Brunizenis are the dominant soils. Gray-Brown Podzolie soils are oi the steep slopes of valley

Loess and Drift sides. Alluvial soils are on the broader floodplains.
109 - Iowa and Missouri Ileavy Brunizens are the principal soils. On the broad uplands are Planosols and Ilumic Gley soils.

Till Plain Alluvial soils and Ilumic Gley soils are on the floodplains.
112 Cherokee Prairies Planosols are the dIominant soils. Rendzinas and Lithosols are on the more sloping land. Alluvial

soils and low Iiumic Gicy soils are on the floodplains.
113 - Central Claypan Area% Planosols with claypan are the major soils. On hilly ground Gray-Brown Podzolic soils are

dolinanit, and on the floodplail are Alluvial soils and I lumic Gley soils.

I15 n- etral Misissipp Valley Gray-Brown Podzolic soils are dominant. Alluvial soils and Ilumic Gley %oils on level flood-
Wooded Slopes plain,, are imlportant.

N FAST AND CFNTRAI. GENERAL FARMING AND FOREST REGION
116 - Ozark Iligiland Red-Yellow Pod/oltc soils occupy nuch of the area.
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FIGURE 12

LAND CAPABILITY CLASSIFICATIONS
AND DESCRIPTIONS
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LANO CAPABILITY CLASSIFICATION

The capability classification is a practical method of group Ing soils for use, treatment, and
management. There are eight general classifications (Class I through Class =il). The erosion
hazards and limitations for use increase as the class number increases. In other words, Class
I land hans few hazards or limitations, whereas Class ME has many.

Soils in Class I have few Soils in Class 1 have no ero-
limitations that restrict sion hazard. They are wet or
their use when cultivated, subjeIct to overfloh. Their

use is limited to pasture,
Soils in Class UI ave minor range or wildlife.
limitations that restrict
thei r use. Easily applied Soils in Classfl1 have limita-
conservation measures are tions that make them unsuited
needed whcn cultivated, for cultivation. Their use is

limited to range, xtoodland,
Soils in Class ME have severe wildlife or recreation. Seed-

Slimitations anti require spe- ing or reseeding is practical.
cial conservation measures
when cultivated. Soils in Class =E have very

severe limi tations that I ii
Soils in Class 11 have very their use to range, woodl-and,-severe limitations, require wildlife or recreation. Re-
intensive conservation meas. seeding is generally not
tires and very careful manage- practical.
leiit ifI occasionial ly culIti -
vate d, Soil it * l ' =~ al E ~e not- ~sul'ted to) akli cal tdrll pfodiic-

The atove cai,1bmfl tj Ils~ ,e luitme dfvhfie into stbclase iIt Shioo tne pit~ipai kiU
Of plolite-, lvovd Die stt ciasss 3ir elosion as firlmcated by C. 'I"e mste ~~
ircim catee hy -A SLACIl as Vii, Sil 11r ktltsons \tmal iawoes$ Orfii~tnss nm~
a s 12s: and cI a t ic t a t o & it d ca Ied 4y C.s tLc 1 a s Hje

)14



MAJOR LAND USE CATEGORIES the percentage distribution and table 12 shows the major
uses of agricultural land by subbasins.

Agriculture Grazing on pasture, range, and forest lands is th~e
largest major use in the basin, and 189 m~illion acres or

Approximiately 312 million acres or about 95 percent about 61 percent of the area is devoted to this use. The
of tlhe land area in the Missouri River Basin is used for highest proportion of grazing occurs in the Upper hlis-
some agricultural purpose. With the exception of parts of souri, Yellowstone. Western Dakota, and Platte-Niobrara
the Lower Mlissouri Subbasin, the easterni portion of the subbasins where more than two-thirds of the area is pas-
basin has the highest intensity of cultivation. In general. ture and grazed woodland and range. In the E~astern
the proportion of cropland declines from east to wvest Dakota, Kansas, and Lower Missouri subbasins, approxi-
except where conditions are favorable for wheat pro- mately 40 percent of the land is in pasture and range, and
duction or where irrigation is practiced. Table I I shows in the Middle Missouri it is about 20 percent.

Table 11 - MAJOR LAND USE, PERCENT DISTRIBUTION OF TOTAL AREA
DEVOTED TO AGRICULTURAL PRODUCTION, BY MAJOR USE

AND SUBBASINS, CURRENT INVENTORY

Pasture and Forest and Other Arc
Subbasin Cropland I Range Woodland Land Total'

(Percent)
Upper Missouri 21 69 14 1 105
Yellowstone 8 81 14 -- 103
Western Dakota 20 77 5 1 103
Eastern Dakota 61 37 1 2 101
Plattc-Niobrara 26 70 8 1 10)
Middle Mis,,ouri 75 20 5 I 3 103
Kansxs 60 38 2 2102
Lower Nti~ouri 42 43 24 J 3 102

Missouri Basin 33 61 9 1 104

1'Total ii greateir il 100 percent titie to the gtaingi of~ forestedi land.
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Irr igated Cropland: Bench Leveling With Adjacent Windbreak And Farmnstead

Table 12 - INVENTORY OF LAND PRODUCING AGRICULTURAL PRODUCTS, BY SUBBASINS

_____Item Missouri Yellowstone Acros)

Private Agricultural Land:
Cropland 10,710 3,374 9,295 21,008 J

(Irrig. Cropland)l (953) (1,031) (198) (119)
Pasture and Range 25,S22 24,333 31,677 12.547

(Irrig.) (149) (157) 0 1)
Forest and Woodland 1.964 1,550 977 211

(Grazcd by Livestock) (1,356) (1,357) (908) (110)
Othier Agricultural Land 254 91 209 594

Total Private Agricultural Land 38,450 29,348 42,158 34,360
Other Forest Land
Federal Land Producing

Agricultural Products 11,932 13,804 5,131 39
(Grazed by Livestock) (8,134) (9,433) (3,915) (6)
(Forest) (5,247) (4,523) (1,486) (33)

T'ota. Agricultural Land 50,3 82 1 43,152 1 47,289 34.399

Platte- Middle Lower Missouri
Item Niobrara T Missouri Kansas Missouri J Basin

(Thousand Acres)
Private Agricultural Land:

Cropland 15,0,4 11,219 22,341 10.208 103,789
(Irrig. Cropland)1  (2,784) (103) (1,703) (5) (6.896)

Pasture and Range 35,147 2,485 13,619 7,334 152,664
(Irrig.) (202) - -(519)

Forest and] Woodland 1,936 631 597 5,788 13.6S4
(Grazed by Livestock) (1.410) (560) (382) (3,103) (9,186)

Othier Agricultural Land 621 447 552 793 3,561
Total Private Agricultural Land 53.338 14,782 37,109 24,123 273,668
Other Forest Land .*118 4 *.122

Federal Land Producing
Agricultural Products 7,449 I 69 177 38,602

(Grazed by Livestoek) (6,037) .. (49) (7) (27,581)
(Fortst) (2,952) (I) (20) (170) (14.432)

Trotalt Agriculiniral L.and 60,787 L 14,901 1 37,182 24,300 312.392

I Includeo Irriated "roprI'il Blureau of HedLallidlion projectIs uinder conIstrlue Iion or funded for %.onsItrtI, Zion.
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Pastitre Land In Missouri; 40 Percent Of The Land In The Four Eastern Subbasins Is Grazed By Livestock
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Ranigelaind In montana: Two-thirds Of The Four Western Subbisins Is Pasture And Range
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Total cropland in the basin is estimated at 104 million in the Yellowstone and Upper Missouri subbasins where
acres or 33 percent of agricultural land (table 12). The Federal ownership comprises 32 and 24 percent of the
Middle Missouri Subbasin is most intensively farmed with agricultural land respectively. The remaining acreage is
about 75 percent of the area devoted to crops. The largely in the Platte-Niobrara and Western Dakota sub-
Eastern Dakota and Kansas subbasins are 60 percent basins where public ownership of agricultural land is 12
cropland, the Lower Missouri Subbasin 42 percent, and and I I percent respectively.
the Yellowstone Subbasin eight percent cropland. Federally owned lands were inventoried in respect to

Seven percent of the cropland in the basin is irrigated, their contribution to agricultural output. No attempt was
The Platte-Niobrara Subbasin has the largest area of ir- made to inventory the conditions and quality or to pro-
rigated acreage, 2.8 million acres. Other important areas ject the potential capacity of this land. Two uses were
of irrigation are in the Kansas Subbasin with 1.7 million inventoried: grazing and forestry. This level of use was
acres, and the Upper Missouri and Yellowstone subbasins held constant forall time periods in the analysis of future
with approximately one million acres each. Smaller areas production capacity of agricultural lands.
of irrigation are found in the Western Dakota and Middle Privately owned agricultural land in the basin is esti-
Missouri subbasins. mated at 273.7 million acres. This inventory was ad-

Forest and woodlands are estimated at 28 million justed for water resource development projects funded
acres, much of which are also grazed. Forest and wood- or under construction and assumed in place. These ad-
land are important in tie Lower Missouri Subbasin, with justments in land use and availability and the resulting
24 percent of the agricultural land in this category, and effects on production were taken into account in esti-
in the Yellowstone and Upper Missouri subbasins where mating the land base available for agricultural production
14 percent of the agricultural land is classified as forests, purposes.
Forest and woodlands are less important in the other Data from the Corps of Engineers and Bureau of
subbasins but have some significance in each subbasin. Reclamation were used to adjust the current normal

There are about 38.7 million acres of federally owned !and base for large reservoirs funded for construction or
lands in the agricultural land category. These lands are constructed after the inventory was made. Table 13
largely in the mountains and in the western plains shows the reservoirs that were assumed to be in place
areas. Twolthirds of the publicly owned lands are located and the adjustments that were made in the land base.

Forested Areas Produce Timber Products, Wildlife Habitat, And Forage For Livestock
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Other Agricultural Land Includes Farmsteads, Farm Roads, and Irrigation Facilities

Table 13 - LAND REMOVED FROM THE LAND Table 14 -TOTAL SERVICE AREA OF AUTHORIZED
BASE FOR RESERVOIRS FUNDED OR UNDER AND PARTIALLY COMPLETED
CONSTRUCTION, BY LAND RESOURCE AREA IRRIGATION PROJECTS

Land Resource Land
Reservoir Acres Area Resource

Milford 44,500 75 Project or Unit State Acres Area
Perry 39,300 106 Fast Bench Montana 21,800 44
Melvern 19,700 115 Garrison i  North Dakota 59.300 55
Harry S. Truman 140,000 115 Ainsworth Nebraska 33,960 66
Harry S. Truman 14,300 116 Farwell Nebraska 41.671 71
Stockton 58,700 116 Frenchman-
Rathbun 33,900 109 Cambridge Nebraska 8.896 73
Glen Elder 13,600 73 Hitchcock-
Chatfield 6,100 68 Red Willow Nebraska 500 73

Total 370,100 Bostwick Nebraska 6,275 73
North Platte Nebraska 9,000 67
Sargent Nebraska 3,174 71

Data from the Bureau of Reclamation were used to Almena Kansas 5,350 73
adjust the land base for the amount of irrigated land on Cedar Bluff Kansas 2,583 73

Bostwiek Kansas 26,108 73Federal projects which has been brought into produc- Kirwin Kansas 2,820 73
tion since the field survey or, is expected to be brought Webster Kansas 2,298 73

into production in the near future by irrigation facilities Casper-Alcova Wyoming 2,469 58
now under construction (table 14). Goshen Wyoming 1.062 67

Total 227,266 1

Thus tile present land use and the analysis of agri- IAssumed in place for land accountability but included in
cultural production takes into account current nonrnal future development program.
production plus that from projects recently completed
and those under construction that are expected to be in Fish and Wildlife
production by 1970 or shortly thereafter. The adjusted Fish and wildlife resources are important throughout
current inventory of major land use categories is shown the Missouri River Basin. Historically, the Indians, trap.
in table 12. pers, explorers, and early settlers depended on these
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,resou;. es for food. clothing, and shelter. Today, the fish lands where fish and wildlife uses are "ancilrary" (figure
and wildlife resources serve mainly to meet desires of 16). Primary fish and wildlife lands and waters are further
-fishermen, hunters, and other outdoor recreationists. Primary fish and wildlife lands and waters are further
The trades and services associated with these recreational subdivided into two main categories: (I a) single-purpose
pursuits are economically important locally and nation- or dedicated lands owned by the various state fish and
ally. Commercial fish and fur animals possess significant game agencies and by theBureau of Sport Fisheries and
economic values in addition to recreation. The basin is Wildlife, and (Ib) public or private'lands where fish and
nationally important for the unusual recreational oppor- wildlife is one of the principal multi-purpose uses.
tunities offered by the variety of animal life, much of it The bulk of the lands and waters used by fish and
in pristine environment. Figure 13 illustrates the compo- wildlife fall into the seond category (ancillary use). This
bution of lands and waters of importance to fish and category includes most private lands and-a substantial
wildlife. portion of the public lands.-On most of this area. agri-

Virtually all of the basin area is of value for fish and culture is the predominant use, but wildlife exists only
wildlife use. For the purpose of this study, the total where compatible with current agriculturalpractices.
lands and waters used by fish and wildlife are divided Only 0.3 percent of the total basin is-devoted to fish
into two broad categories: (I) lands devoted to fish and and wildlife as a single-purpose or dedicated use. An
wildlife as a "primary" use (figures 14 and 15) and (2), additional 2.7 percent is-considered key multi-purpose

FIGURE 13
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Forests And Grasslands Provide Habitat For Game Animals

Farm Ponds Furnis Water For Livestock, Fishing, Boating, And Recreation
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FIGURE 14
OWNERSHIP OF LAWDS ANW WATERS ON WHICH

FISH AND WILDLIFE MANAGEMENT IS THE PRIMARY USE
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FIGURE 15 FIGURE 16

DISTRIBUTION OF SMNGLE-PURPOSE AND PRIMARY (KEY) OWNERSHIP OF LANDS AND WATERS ON WHICH
FISH AND WILDLIFE LANDS AND IATERS BY SUBBASINS FISH AND WILDLIFE HAVE ANCILLARY USE

(SiNGLE-PURPOSE IS INCLUDED IN PRIMARY)

UPPERE MSSSOUR
UPPER-.MISS:::; ____________

IELAT,. PRIVATELY COAM0YEYLULSTA I ] ION.L

A ESTERN,
WSE11DAKOTA

DAKOTA
EASTERN

EASTERN 
5 

t

DAKOTA

~LATTE- PLATTE- IPLATTE- NIOBRARA,08RARA
VL DDLE

MISSDDLE MISSOURI

MISSOURIKANSAS - Ii O

LOWER M SSOURI
............ . .. . . ....

0 0 20 30 40 5' 60

TOTAL
TOTAL BASIN

BASIN __________________________

I00 200 300

ACRES IM LLIONS) ACRES (M:LLIONS)

use. This area includes lands owned by several F(deral Indian reservations encompass in excess of 16 million
agencies and numerous small blocks of privately owned acres, or about 5 percent of the Missouri Basin. Although
lands. The combined areas considered as primary fish and all land within the reservation boundaries is not lndian-
wildlife land and water represents about three percent of owned, nearly 12 million acres or almost four percent of

the total basin. the land in the basin is in Indian ownership. Of this, 7
In general, primary responsibility for management of million acres are owned by individual Indians, and 5 mil-

the fish and wildlife resource rests with the State -fish lion acres are in tribal ownership. On most Indian lands

and game agencies. In addition, the Bureau of Sport Fish- there has been veiy little management of fish and wild-
eries and Wildlife has basic responsibility for migratory life resources. However, in recent years the Bureau of
birds, and various other public agencies have responsibi- Sport Fisheries and Wildlife has provided technical as-
lities on lands that they administer. The Bureau of Land sistance to the Indians upon request.

Management, U. S. Forest Service, and National Park There are about 12,250,000 acres of State school
Service are the principal public agencies in this category. lands in the Missouri River Basin segments of Colorado,
Wildlife areas associated with Bureau of Reclamation Montana, Nebraska, North Dakota, South Dakota, and

and Corps of Engineers reservoirs are usually managed by Wyoming. Most of these lands are leased to private
the States in keeping with provisions of the Fish and agricultural interests. Generally, state laws make no
Wildlife Coordination Act. specific provision for fish and wildlife as a multi-purpose

Figure 14 indicates that almost 70 percent of the pub- use on school lands, but they have habitat similar to ad-

lie lands considered primary fish and wildlife lands are in joining lands and thus are important factors in the current
the Upper Missouri and Yellowstone subbasins. The supply.
major share of private lands in the primary fish and wild-
life category is in the Eastern Dakota Subbasin. Most of Recreation
these private lands are held under easement by the
Bureau of Sport Fisheries and Wildlife for wetland Lands and waters considered to be valuable for out-
preservation, door recreation purposes and supporting a significant

Apart from primary fish and wildlife lands, certain amount of recrcation use total 50,252,000 acres, or 15
lands of ancillary importance, such as Indian reserva- percent of the total land area of the basin. However, only
tions and state school lands, deserve special attep.ion. 2,814,000 acres are dedicated primarily to recreation use.
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'Approximately 174.000 acres are intensively developed
for recreation purposes. Most of the recreation lands are
in public ownership. and in multiple-use areas dedicated
to a variety of uses including recreation. Most ancillary
recreation lands are also in publicly owned, multiple-use
areas. National Park Service areas, which include the 0 0
large Yellowstone, Rocky Mountain. and Glacier Na- -

tional parks, account for the bulk of the primary utse
recreational land.-

Table 15 presents a summary of all existing recreation-

lands. waters, and other information by administrative Z.. ;.
categories. Recreation areas were classified as Type I
(scenic, historic, and natural). Type If (land oriented) - -

and Type Ill (water oriented). ~
Table 16 presents a summary of recreation lands and

waters by both administrative categories and types of -

areas. Table 17 also provides primary and ancillary land :- -

and water use information for recreation acreages: how-
ever, data are broken down for individual subbatsins and
the public and private sectors only.

Multiple-Purpose Reservoirs Storing Water for Irrigation,
Power and Municipal Supply

Also Have Fishing and Recreation Opportunities

Table 15 - LANDS AND WATERS USED FOR RECREATION

Intenisivety Devetoped

Administrative Areas Land Marsh Water Total Develored P ercent of
Category (No.)1  (Acres) (Acres) (Acres) (Acres) Acreage- Land Area

Local Parks 2,875 127.992 737 61,482 190,211 54,020 J42
St. Parks (Roadside) 500 2.880 -- 35 2,915 21680 j93A1
St. Parks& Rec. A rcas 310 258,960 1.106 314.849 574,915 17.226 6.6
St. Fisth & Hu~nting Areas &

Fish hlatcheries 997 505.086 30,509 98,566 634.161 1.752 0A4
St. Forest Lands 5 42,826 120 62 43,008 2 01001
Nat'l Park Service Areas 18 2,959,385 12.200 124,468 3,096.053 5,213 0,2
Nat'l Wildlirle Refuges &

Vislt Hatcheries 841 .424,165 33.594 3 92, 129 IM89088 739 01.05
Federal Reservoirs (Net)4  113 952.936 2,000 1.078.320 2.03,256 19.741 2.11
Indiatn Reservation Areas 108 6,874.336 8,485 26,723 6.909,541 212001 0.0
Nat'l Forest & Grasslands 37 18.814,323 7.170 54,731 18,876.224 15.102 0.tS
Btureau of L~and Mgmt. Areas 39 14.957,516 160 1.780 14,959.456 300 0.002
Misc. Federal Lands 21 136.439 ... 98 136,537 93S 0.7
Private Sector 205 574,953 ... 243,149 818,102 54.446 9.
Missouri River &

Mlissouri River Access 67 660 ... 127A400 128.W~0 I 10 1.5
Missouri Basin 15,I94- 47,632,457 196.081 12.523.792 150,252.330 1 174.368 1 0.4

Includes 12 registered National Hlistoric L~andmark%. Seseral otf (lie figures .stiown include conitighuous trftk.
2'.t evetopled" land is land occlipied wi'thI or iinetiately a djiccit I to recreation facilities or so ustin ,ill mod it ied trout ai natuoral
condition for recreation purpo ses. O~ther recreation land area is consideredt to be it jdes eloped.

- Several en tries consist of numerous tracts, includes privately owned re,,amiitedby the INA\IV
41 I and and wvater acreage figurv% for S tate ad mustered satrState pairks, natijonal wildlife re fuige%. an d oilier such ,r~sst. e
ait tederat reservoirs are included iuder other t.a tegorie.

$ l)ocs not Inlet(I private area%, for which f iglure% we-re not avaiilabtle, thev 20 areas stiuus ii for pris .1 scL ior uuwl ude onl %ts~en ic indtr
IiIsoric areas adm~iistered 1bs the priate sector.

44



Table 16- SUMMARY OF RECREATION LANDS AND WATERS USED PRIMARILY
FOR RECREATION PURPOSES AND FOR OTHER USES

Type I Rec. Areas Type If Recreation Areas Type III Recreation Ares
No. (Scenic & Historic) (Land.Oiented) (Water-Oriented)

Administrative of I Recreation I Other Other
Catepxy Areas (Totals) Uses Recreation Uses Total [Recretion Usr Total

Lands:I (Acres)
T y p e 1 A r e a t  1 3 9 3 , 0 4 2 , 2 2 9 - .- . . --- -- . ...
Local Parks 2,865 ... ... 65.655 65,655 61,922 - 61,922
St. Parks &

Rue Areas 728 -- ... 34.790 - -- 34,790 148,283 --. 148.283
St. Fish. &2

Hunting Areas 997 ... ... 200 248,873 249,073 1,552 254,461 256,013
St. Forests 5 - - -.- 2 42,824 42,826 ...... ...
Indian

Rcservations 102 ... .-- 1,998 6,847,060 6,849,058 202 25,052 25,254
Nat'l Wildlife

Refnges 2  84 ... -. 24 21,636 21,660 715 1,401,790 1,402,505
Nat'l Forests 3  35 ... ... 15,102 18.799.207 18,814,309 .......
Bureau of Land

Mgmt. Lands 39 ... ... 300 14,956,769 14,957,069 --- 447 447
Misc. Fed. Land's 20 -- -. 935 133,904 134,839 .... . ...
Fed. Reservoirs

P-isting and
Under Cont.4  113 ... ... ... 22,513 930,423 952,936

Missouri RiverAcccS4; Pointl 5  67 . .. ..... 660* - 660*

Private Sector NA- /  --- ... 123.739 332,877 456,616 25,131 91,182 116,313
U, ND-TOTALS 5,19j 3.042,229 --- 242,745 41.383.150 41,625,895 260,978 2,703,355 2,964,33'3
All'Roe. Waters 136.894 --- 8.119 102.069 110,188 127,285 2,245,506 2,372,791
Missouri Basin 5.194 3.179,123 -.- 250,864 41,435,219 41,736,083 388,263 4,948,861 5,337,124

IAII Type I area s dedicated primarily to recreation purposes include Yellowstone National Park, Glacier National Park, and
Rocky Mountain National Park.

2Includes I ishI Hatcheries.
3Includes national grasslands and land utililation projects.4Net figures. Does not include lands administered by state and local agencies, and the Bureau of Sport Fisheries and Wildlife. These

acreages carried under other categories.$Federal, State, and locally admini,,tered areas.
SNumber of private sector areas in Type It and III categories is not available.1 lie 20 areas identified in table 15 are included in the

139 Type I areas in this table.
Estimated or based partially on estimates.

Table 17 - EXISTING RECREATIONAL LAND USE BY INDIVIDUAL SUBBASINS

Primary Use Area I [ Ancillary Use Areal

Subbasin Category Land Water Land I Water
(Acres)

Upper Missouri Public 505,473 17,899 12,685,118 405,971
Private 13,192 55 1,057,688 88,242

Yellowstone Public 2,185,405 135,956 10,303,142 70,980
Private 13,150 710 593,656 8,397

Western Dakota Public 313,024 22,116 4,874,378 405,127
Private 10,962 428 5,078,462 3,901

Eastern Dakota Public 28,911 21,256 474,886 676,422
Private 7,905 1,317 275,760 3,693

Platte.Niobrara Public 290,783 8,679 7,582,024 162,759
Private 86,500 7,600 173,500 68,400

Middle Missouri Public 29,219 22,530 35,248 63,594
Private 7,872 1,005 40,030 9,368

Kansas Public 25,577 5,448 228,694 135,501
Private 10,402 416 21,120 3,744

Lower Missouri Public 60,144 26,164 564,422 169,280
Private 5,045 711 50,765 72,204

Missouri Basin Public 3,438,536 260,048 36,747,912 2,089,634
Private 155,028 12,242 7,290,981 257,949

I Subregion (political boounilar) ) figure,. used,
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Mineral Industry Transportation, Urban, and Built-up Areas,
and Other Use
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Mineral Industry - -Petroleum And Natural Gas

-7,

II

Rail, Air, and Water Transportation Hive Been Developed Along the Mlissouri River
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people began changing and overlapping the land uses. somewhat dependent upon other uses. For example, the
Grasslands and Woodlands were converted to the pro- large pheasant population and the excellent bird hunting
duction of cultivated crops, or their products were used in South Dakota are closely related to cropland produc-
to build towns, cities, railroads, highways, and other tion and land conservation practices.
service facilities. Several uses were made of easily acces- In this framework study, basin lands were classified
sible areas. For example, domestic livestock were grazed into ten major groups of primary use: cropland, pasture
on forest and woodland areas already producing forest and range, forest and woodland, other agricultural land,
products, domestic livestock and wildlife were grazed on recreation, fish and wildlife, transportation, urban and
the some areas, and small game were hunted on cropland. built-up areas, water, mineral industry areas, and military

In the 1958 Conservation Needs Inventory, land uses areas. In studying the use and requirements for land, each
were classified into seven major groups: cropland, pas- use was considered separately. Many areas are already
ture and range, forest and woodland, other agricultural serving more than one use. For example, a forested area
land, urban and built-up areas, water areas, and Federal may be producing timber products; at the same time it
lands. This grouping identified land and water areas by is used for grazing of domestic livestock, habitat for wild-
primary use, but did not show to what extent these same life, recreation, and storage for snowfall producing spring
areas were used to satisfy other needs of the people. To and summer water supplies.
complete the inventory of land use, information on Fed- The primary use of land, by subbasins, is shown in
eral lands was obtained from each Federal agency con- table 19. A summary of present generalized multiple
cerned, and was integrated with that from the Conser- uses of land~and water is shown in table 20.
vation Needs Inventory.

The land and water resources are not sufficient to Production of agricultural products, including timber,
meet the present needs or projected requirements of the is the primary use on 312,392,000 acres or 95 percent of
basin on a single-use basis; thus, the multiple use of land the basin. There is some duplication of use even within
and water must be considered. Through coordinated agriculture, as approximately four percent of the forest
development and management, several uses are often is grazed by domestic livestock. Grazing of domestic live-
made of the same area under the multiple use concept stock and harvesting of hay is permitted on some military
without serious conflict. Many uses are complementary lands and some urban areas. The total effective area used
to and enhance other uses; in fact, some resources are for agriculture is 330,360,000 acres.

A Rocky Mountain Landscape Showing Forest And Grassland; This Area Contains Important Wilderness,
Watershed, and Wildlife Habitat Values and Provides Many Recreation Opportunities
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Table -19 - SUMMARY OF PRESENT-GENERALIZED PRIMARY USES
____________________ OF.LAND AND WATER AREA

Item upper Missoui Yiellowstone Wetr aoa Eastern Dakota

(7Tousand Acre)
Agricul ture1  X0,382 43,152 ' 47,2189 34,399
tteecation2 519 1.408 334 38
1Fish and-Wildire2,4  142 31 92 162
Traospoltation. Urban. B011 vup.aild Other 1,240 246 897 1,801

W~te-re ~670 345 472 J902
Mineral 1ndustry 3 9 31
Military 7 9 269 0

__ TOTAL J 52,963 45,200 49,356 J 37,303

__________________ latte-Niobrfar Middle Missouri Kam~as oe Moudi Missouri Basin

(Thousnd Acres)
Agrieulture1  60,787 14,901 37.182 24,300 312,392
'Kccrcation2  377 37 36 65 2,814
Fish and Wildlifen.. 4 220 25 15 51 738
Transportation, Urban. Built-tip. and Other 1,508 600 1,195 603 8,090
Water Area 3  654 174 336 266 3,819
Mineral Industry 6 2 6 3 33
Military ~123 6 106 102 622

TOTAL j6.7 57538,876 25,390 - 328,508

Includes cropland. pasture and raige. foresyand other aga-icultursl lands2Subbasin land area only.3 1ncludes primary water area of recreation-and fish and wildlife.4Figures shown ate for single-plirpose Iaads, but an Additional 9,1 74.000 acres are included in other categories that are jointly used
and have primary-value for fish and %%ildlife

Recreation is the primary use on 2.8 14,000 acres. the National Wildlife Refuges and in State wildlife, wvater-
This includes areas such as Yellowstone and Rocky Moun- fowl, and game management areas. Cropland, shelterbelts,
tamn National Parks, national monuments, Statz parks, and fence rows are used by wildlife. Reservoirs and asso-
ateas specifically dedicated and improved for recreation ciated lands for irrigation, flood control, recreation, and
use as campgrounds and picnic grounds, and sports areas other purposes provide habitat for fish and waterfowl.
on Federal, State, and private lands. In addition,,signifi- While fish and wildlife are heavily dependent on multiple-
cant recreation use occurs along recreation trails and use areas, there is not significant Contlict or harmful
from hiking. riding, camping, picnicking, studying, or effect to the other uses.
sight-seeing on forest and other croplands and onl wild-
life, military, and mineral industrial areas. The total area
used for recreation is 50,252,000 acres.

Fish and wildlife makes the greatest use of thek
basin resoutrce area-wise. The total area of such use is
319,648,000 acres; however, fish and wildlife has single-
purpose use onl only 1, 148,000 acres. This is primarily in

Table 20 - SUMMARY OF PRESENT GENERALIZED
MULTIPLE USES OF LAND AND WATER AREA'

I Fil and
Subbasin %griculture2  I erato ildlife

(Thousand Acres)
Upperisouri 53.710 14.774 51,687
Yellowstone 45,742 13.311 44,914
Western Dakota 51,055 10.708 48,316
rastern Dakota 34,520 1.490 35.615
Plat te'Niotniara 64.054 8,380 61,985

Middle Missouri 15.580 209 15,057
K'anas 37.680 431 37,508

Ilintude% both I priniar and am~illar use% of land aind
walter.

2 Agricolture include% croplandl. paI(ure mid , inge. fuarest. aaad Pheasant Hunting Is A Major Sport On
other agricultuaral Ianth.. Agricultttral Lands
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National and State Parks Provide
Most of the Primary Recreation Use
Areas

Most of the Basin's Total Recreation
Acreage is in Multiple-Use Areas of
the National Forests, Public Do-
main, and Indian Reservations
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CHAPTER 4

POTENTIAL LAND USES AND CAPABILITIES

ADAPTABILITY OF LANDS FOR Large machinery and extensive farming operations make
ALTERNATIVE USES it impractical to give special consideration in the use ot

such areas since they are "locked-in" with the predomi-

The Missouri Basin has a wide iange of climatic. nant use. Table 21 shows the land capability class and

topographic, and soil conditions. The present use of the land use for agricultural land ill the basin.

basin's lands is related both to present and to past eco. As previously mentioned ill Chapter 3 under "Land
uonic conditions and policies. Future use and the inten- Resource Categories." land capability units were grouped

sity of such use will no doubt change since demands on in order to reduce the number o' evaluation umts. Al-

the land and water resources and the capacity of those though these soil resource groups combine some closely

resources for satisfying these demands are changing. related land capability classes, in no case do they mix

However. along with projections of future demands, pro- arable and nonarable land as determined by capability
class designation. A brief'description of the soil iesourcejected producion technology is essential for planning

purp)o5ss to know the capability of the land resources to groups and a listing of land capability units they contain

meet these demands. are given in table S-45. Because of the ready availability
of the soil resource group data, land available for aler-
native uses was determined by using this classification

Major Agricultural Uses along with an application of the "capability class" de-
scribed earlier. Table 22 summarizes by subbasins and

The agricultural use that can safely be made of lands land uses the areas available for alternative uses. Table 23
under varying conditions, including intensity of treat- shows the amount of pasture and rangeand that is suit-
mentcan be studied by grouping the previously discussed able for crop use, while table 24 ,howvs the amount of
land capabihty units into land capability classes. This cioplhtd which, by reason of its land capability class
widely accepted classification places all lands (see Chap- designation, should be 1-pasture and ranle.
ter 3 of this Appendix) into one of eighit recognized land Of the 103.8 million acres of land presently used for
classes. crop prodution in the basin, there ate estimated to be

Because of irregularities in topographic features such 4.7 million acres classified in Classes V through VIII
as geologic lormations and glaciation. a mixing of iand whose lotation would permit ,onversion to a less in-
classes frequently occurs within small areas, Some of tense use suh as grassland if it were econowiial for the
these areas are too small to be of significance when com- owner to it) so. Conversion of this land is desirable in
prehensive decisions concerning land use and trealment order to reduce the erosion hazard. Estimates indicate
are being made. These small areas, therefore, are not that there ae an additional 4.7 million acres in Classes V
identified in soil mapping activity and must be considered through VIII that, beause ofl the size. shape. and locaion
as part of the predominant land class and land use. of the parcels, are impraclical to convert to other uses
Though small, some ofl these aieas might, for example. There a.e 152.(1 million acres of land under piivate
be of tremendous imlportance to wildlife when isolated owneiship used for pasture, range, and hayland Of ths
in cropland. amount, it is estimated that about 20.2 million acres of

From a practical standpoint, small classified areas, arable land. Classes I through IV, exist in tracts large
when located in a field vith soil of a predominantl, dif- enough for conversion to cropland if the demand for il.
ferent classilicaton sufficient to permit a change in land creased food supplics should justify the change This
ulse. aire considered as not being available for a Change ii land is primail, il Classes II and 11L. Conveision to
use, An example is a small area of Class VI 1and, Jassifie I cropland will not create an erosion hazard i' ieasonabie
as such because ol a shallow root lone, laying in a Clas, care ill Conservation tleatillent and Ianagement is exer-
Ill crot)land field. The ('lass VI land would be lst, for cised. There is an additional 29,8 million a, ies in the
crop production even though its ionle ma be mai ginl, arable .asses ihlat are "locked in" the giashild areas of

A-



Table 21 - AGRICULTURAL LAND CAPABILITY CLASSES AND PRESENT LAND USE

Land Capability Pasture andFotan
class Cropland Rang Woodland Other Ag. Tot

(Thousand Acres)
UPPER MISSOURI SUBBASIN I

!1.............. 1,906 739 28 26 2,699
ill.............. 6.780 4,746 61 84 11.671
IV .............. 1.367 2.963 50 20 4,400
V .............. 1 200 27 2 230
VI .............. 625 13,668- 971 45 15.309
VII ............. 31 3.149 803 4 3.987
VIII ............. 57 24 73 154

TOTAL ..... 10.710 25,522 1,964 254 38.450
YELLOWSTONE SUBBASIN I

.............. 127 II 1 3 142
I1 .............. 725 400 29 10 1.164
III .............. 1.531 1,890 24 19 3.464
IV .............. 720 2.200 57 13 2.989
V .............. 7 54 4 i 66
VI .............. 241 11,168 557 20 11,986
VI! ............. 21 6.955 776 4 7.756
VIII ............. 2 1.635 123 21 1,781

TOTAL ..... 3,374 24.333 1.550 91 29,348
WESTERN DAKOTA SUBBASIN'

............ 32 ...... - - 32
II .............. 1,410 641 77 9 2.137
III .............. 4,821 3,403 58 34 8,316
IV .............. 1,925 5,866 53 23 7,867
Y .............. 24 560 57 3 644
Vi .............. 956 13.123 144 16 14,239
VII .............. 127 8,039 583 40 8,789
VIII ............. 45 5 84 134

TOTAL ..... 9,295 31,677 977 209 42,158
EASTERN DAKOTA SUI3BASIN I

.............. 653 48 5 27 733
II .............. I11,908 3,285 121 270 15,584
III .............. 6,375 3,416 34 98 9,923
IV .............. 955 728 13 13 1,709
V .............. 289 913 18 6 1,226
VI .............. 814 3,392 12 40 4,258
VII ............. 14 765 8 1 788
VIII ............. .. ..... 139 139

TOTAL ..... 21,008 12,547 211 594 34,360
PLATTE-NIOBRARA SUBIIASIN1

I. .............. 1,314 86 6 33 1,439
Ii .............. 4,168 959 71 149 5,347
III .............. 5,207 2.338 102 149 7,796
IV .............. 3,326 4,320 97 60 7.803
V .............. 13 249 20 I 283
VI .............. 1,325 10,497 384 56 12,262
VII ............ 278 16,409 927 45 17,659
VII ............. 3 289 329 128 749

TOTAl 15,634 35,147 1,936 621 53,338
MII)I)LF MISSOURI SUBBASIN

i. .............. 1,091 113 55 40 1,299
I! .............. 3,803 613 73 153 4,642
I!I.............. 4.727 680 95 166 5,668
IV .............. 1,171 339 55 36 1,601
V .... '1 103 9 9 162
VI .............. 314 451 165 21 951
VII ..-.......... 72 185 174 20 451
VIIi ............. .. - -1_ 5 2 8

TOTAL... 11,219 2.485 631 447 14,782

I 2 )o¢'1 I|J 'ide I'dcral Iid procluciilg a|riculi iral irfldLic I ,
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Table 21 (Continued)

Land Capabiilities Pasture and I Forest arid
Cass Cropland RangW Woodland Other Ag. Total___

KANSAS SUIIBASIN'
I ....I...1,331 241 64 29166

II .................. 6,620 729 49 142 7,540
III .................. 9,233 2.437 66 162 11,898
IV .................. 2,676 1,626 28 53 4.383
V ........ 3 17 7 - -- 27
VI ................... ,320 6.534 197 122' 9.173
V11....... 157 2,029 184 21 2.391
Vill ....... I 6 -2 23 32

TOTAL ... 22,341 13.619 597 552 37.109
1.OWER MISSOURI SUBIIASIN'

........ 643 135 174 37 989
.................. 2,371 1,008 418 139 3.936

I..................4,797 2,654 752 313 8.516
IV .................. 1,378 1,373 929 136 3.816
V ........ 9 28 27 2 66
VI .................. 629 1,367 823 91 2,910
V1I....... 378 760 2,634 72 3,844
Vill....... 3 9 31 793 46

TOTAL ... 10.208 7,334 5.788 .793 24.123

MISSOURI BASIN'
I..................5.191 634 305 169 6,299
.................. 32.911 8.374 866 898 43,049
I.................43,471 21,564 1,192 1,025 67,252

IV ................. 13,518 19.435 1,261 354 34,568
V ........ 387 2,124 169 24 2.704
V!.................7,224 60,200 3,253 411 71,088
VII ................. 1,078 38,291 6.089 207 45.665
Vill....... 9 2,042 519 473 3.043

TOTAL ... 1 103.789 1, 152,664 1 3.654 1 3,561 1 273,668

D~oes not incilude FederaniI(Ni' producing aigricultIural produc t%.

Table 22 - ACREAGE OF LAND CONSIDERED FOR "Other Agricultural" land includes farmsteads. roads.
CONVERSION OF MAJOR USE rural churches, and othecr similar areas not of significant

Acre of razng Lnd onveted size to Warrant an independent summary. Thiere are 3.6
AceL fGrn and ConvertedmCo million acres of such land, none of which is considered as

Subbasin to Crops I To Pasture being available for alternate uses, althoughi some changes
(Million Acres) will occur as farmsteads are obliterated and local roads

Upper Missouri 3.9 0.7 abandonedl.
Yellowstone 2.3 0
Western Dakota 4.9 0.7 Publicly owned lands make uip 14 percent of the
Eastern Daikota 2.7 0.4 basin. Although these holdings are significant in size
Plat tc.Niolhrara 2.9 0.11adsrtgclylctdnoeothsadisosdrd
Middle Missouri 0.3 0.3 adsrtgclylctd oeo hsln scniee
Kansas 0.9 2.0 for alternate uses even thoughi it is recognized that when
Lowecr Misiouri 2.3 0.4 in the best interests of the ltublic. some changes in use

Missouri Basin 20.2 4.6 wvill occur. An example is the construcetion of a hightway
________________ _______________ ________ through national forest lands, if it provides the least

thte basin and are not considered available for conversion costly or shortest route and the location is determined
to mjore intense uses. This acreage is in small tracts and to be in the public interest. Certain lands now remaining
most of it is in the more hazardous land Class IV. inpbi ownershtip satisfy specific public purp~oses.

There are 13.6 million acres of forest and woodland Areas of signif'icant natural beauty or historic interest
in the basin that are privately owned. Althtough abotit are in thte National Park System. Vast forested areas of'
3.0 million acres of woodland tire on arable land, none of thie mnountain states are managed for timiber produltlion,
it is considleredl as being available for conversion to -rop- water yield. forage prductioii. wildlife, and recreation
land or grassland. Most of this wvoodland comprises areas as part of the Nationail Forest System. The puhlit (10.
of field and farmstead windbreaks or used for livestock mnain linds are ,imilarly managed for grazing, soil and
shelter. Over 9 mnillion acres of these privite woodlands% watershed lprotltion, ilitar\ use, re~reatiun. fish and
-ire on Class VI and VII land and only 165 tiwiusand wildlife production. research. and( majior reservoirs (see
acres are .ov Class V wvetland. table 0, '"Land and Water Ownership").
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Table 23 - CURRENT NORMAL.-PASTURE AND RANGE CONSIDERED
FOR CONVERSION TO CROPLAND BY SUBBASINS. SOILRESOURCE GROUP

So" Subbasin
Resource upper Western I asevn Platte- IMiddfe I vm I Mison

Group Missouri YdlowloeI Dakota I Dakota Niobraa Misufi KammI Missouri Bain

(Ihousand Acres)
102 369 290 549 281 415 0 17 4 1.925
104 939 226 304 526 68 4 48 198 2.313
106 1,673 1.442 1.491 1.257 1.075 59 284 160 7,441
112 0 7 265 76 8 0 231 0 587
120 53 0 88 0 0 0 0 7 148
122 0 I 13 0 0 68 88 274 444
124 0 113 389 0 67 128 60 1.162 1.919
136 58 16 53 54 0 0 1 0 19 200
138 428 10 0 37 0 1 23 76 575
144 0 0 6 18 12 1 0 0 77
I50 0 6 25 3 120 0 0 0 154
152 0 0 0 2 0 0 0 0 2
153 0 0 0 0 0 II 0 221 232
154 227 106 38 0 0 2 0 42 415
168 0 I 862 413 5 0 0 0 1,281
172 0 0 3 16 4 0 0 0 23
184 0 0 12 0 0 0 0 0 12
190 99 63 21 0 637 1 108 0 929
217 0 0 0 0 0 0 0 59 59
310 0 0 739 0 0 0 0 17 756
330 ( 0 6 2 153 16 55 60 292
340 56 4 i 0 315 0 7 13 396

Total 3,902 2.285 4,895 2.685 2.879 301 921 2.312 20.180

Table 24 - CURRENT NORMAL. ACRES OF CROPLAND RECOMMENDED FOR
CONVERSION TO LESS INTENSIVE PASTURE AND RANGE USE BY

SUBBASINS AND SOIL RESOURCE GROUPS

Soil Subbasin
Resource Upper Westen Eastern I Platte I Middle M Lower Missouri

Group Missouri Yl Dakota Dakota Niobrara Missouri Kansas Missouri Basin
(Thousand Acres)

110 0 0 0 rs0 3 0 0 8
160 342 0 721 155 20 0 0 0 1,238
194 0 0 0 2 0 3 5 0 10
196 0 0 0 0 0 0 0 0 0
211 4 0 0 113 40 9 0 14 180
213 0 0 0 0 0 0 3 5 8
225 0 0 0 0 36 0 0 0 36
231 0 0 0 0 0 0 0 0 0
361 0 0 0 0 0 0 0 0 0
420 362 0 0 123 0 30 41 25 581
421 0 0 0 0 0 10 0 3 13
622 0 0 0 0 0 0 996 0 996
624 0 0 0 10 0 0 0 0 10
705 0 0 0 0 0 262' 835 332 1.429
710 0 0 0 3 0 0 0 9 12
720 0 0) 0 0 0 0 5 0 5
730 0 0 0 0 22 0 100 0 122
740 0 0 0 0 0 0 18 4 22
750 0 0 0 0 0 0 0 0 0
760 0 0 0 0 0 0 0 0 0
770 0 ( 0 0 0 3 0 () 3

Total 708 0 721 411 118 320 2.003 392 4,673

Irrigation Department of the Interior, Experiment Station research
data of (lhe Land Grant Colleges, and from data from

hlie extent of land available for irrigation develop, other sources.
ment was determined from analyses of [lie Conservation The followig defilitions and criteria were developed
Needs Inventory compiled by the USDA. Soil Suivey ill order to describe the potential for development of
Reports. irrigation suitability classificalion data of the lands suilable for irrigatimn.
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Potatoes Irrigated with Automatic Overhead Sprinkler System

Sugar Beets Irrigation With Manually Placed Siphon Tubes On A Gravity Systemn
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Irripble Land is land having soil. topography. drain- ground water, Nebraska has the greatest acreage of irri-
age. and climatic conditions favorable for irrigation and gable lands, though other areas are tributary to potential
located in, a position where a water supply is or can be surface water supplies. This is true, to a lesser extent for
made available. Kansas, which shows the second highest amount of

Current Full Service Irription is land to which water irrigable lands.
is usually applied by- controlled artificial means. This in- In determining the potentially irrigable lands, an
cludes ditch, flood, and sprinkler irrigation, but excludes allowance was made for very small completely isolated
such things as sub-irrigation and floodwater spreading areas with no available water and for areas with insur-
systems. mountable drainage or other development problems.

Current Intemnittent Irrigation includes lands having However, some of the resource areas have potentially
partial or inadequate water supply. It also includes irri- irrigable acreages larger than those reflected in the Con-
gation floodwater spreading systems by diversion of servation Needs Inventory data. This can be accounted
ephemeral stream floodflows to crop. hay. or pasture for partially by the inclusion of lands in Capability
land. Class IV and Bureau of Reclamation Class 6 in the irri-

lmigable land not now Irrigated is land with soil, gated lands. and partially by the fact that the CNI data
topography, drainage, and climatic conditions suitable covers only privately owned lands, whereas the total
for irrigation but located where current water supply potentially irrigable area includes some publicly owned
facilities are not now available, though they can be lands. The 64,255,000 acres of irrigable and potentially
developed to supply water to the land. irrigable land is the total amount available for possible

There are approximately 64,255.000 acres of land irrigation. All Bureau of Reclamation projects require
having some kind of irrigation potential, if water were detailed land classification investigationsand certification
available (table 25). Largely because -of extensive areas to the Congress that the lands will sustain irrigation
with favorable lands underlain with large amounts of before service facilities are constructed.

Table 25 - SUMMARY OF IRRIGABLE AND IRRIGATED LANDS

Total Current I Current Irrigable
Irrgable Full Service Intermittent Lands not Now

Subbasn Lands Irripwtion Irrigation Irripted
(Thousand Acres)

Upper Missouri 7,188 1,102 418 5,668
Yellowstone 3,722 1.188 235 2,299
Western Dakota 3,845 209 198 3,438
Eastern Dakota 9,797 119 113 9,565
Platte.Niobrara 12,115 2,986 150 8,979
Middle Missouri 7,683 103 0 7,580
Kansas 13,315 1,703 0 11,612
Lower Missouri 6,590 5 0 6.585

Missouri Basin 64,255 7,415 1 1,114 55,726

Recreation development and/or establishment of large, designated
areas of unusual interest and opportunity. ublic domain
lands undoubtedly have the greatest untapped potential

There are approximately 7.2 millioti acres of privately

owned forest and woodland areas in the basin considered Table 26 - DESIRABLE PRIVATE LAND ACREAGES
to be available and adaptable to various recreation uses. CONSIDERED AVAILABLE AND ADAPTABLE
The acreage of these lands by subbasins is shown in . TO ALTERNATE RECREATION USES
table 26. A very large share of the future needs for pri- Subbasin Estimated Land Acreagel
mary use recreation lands should be met by these (Thousand Acres)
"adaptable" private lands. Included in these lands with Upper Missouri 1,155
such potential are important private acreages within Yellowstone 967

Western Dakota 523Indian reservations and settlements. A change of owner- Eastern Dakota 25
ship would not be required to nieet the recreation need Platte-Niobrara 1,124
shown in table 27. Middle Mi,,souri 224

Kansas 250
Although complete data are not available, it is believed Lower Missouri 2,926

that at least several million acres of Federal land are Misouri Basin 7.194
elter available for stgntficant recreation use or are stul-
able for conversion from ancillary to prtmary recreation IAcrages shox% n ire not "total" itrvagcs avaitahtle nit addi

lion. les, d ,|ral hi land "ill lie do\eloped or used for
use. This might be accomplished through recreation recreation jurpo,,,.
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State and Private Lands Include Many Attractive Areas
Suitable for Public Recreation

Table 27 - PROJECTIONS OF ADDITIONAL RECREATION LAND AND WATER
NEEDED IN 1980, 2000, AND 2020, BY SUBBASINS

Developed I Undeeloped Land-
Target Water Recreation I Used Primarily

Subbasin Year Impoundments Areas For Recreation

190(Surrface Acres) (Acres) j (Acres)
1906.000 17.000) 253,100

Upper Miouri 2000 11,000 38.100 445.100
2020 30,000 59.400 657.100
1980 3.500 12.600 129.000

Yellowstone 2000 14,500 32,000 393,000
2020 30.000 57,200 723,000
1980 4,000 13,500 115,600

Western Dakota 2000 12,000 48.300 428.100
2020 41,000 70.700 605,200
1980 18.700 14.400 219.900

Ilqscrn IDakotu 2000 I 36.900 32.000 376,500
2_020 65,800 54,600 583,800
1980 21.000 40,000) 113,000

Platte-Niobraira 200)0 221,000 97,000 418,000
2020 530,000 182,000 805.000
1980 96.009 14,400 108.000

Middle MisioLir 2000 220,M00 30),100 174.000
2020 360.000 50.000 363.000
1980 17,600 11,700 138,200

Kansas 20(00 60,600 26.3001 230,200
2020 113.600 43,700 343,800
1980 60.000 29.000 64,400

Lower Mis.soori 2000 144.000 64,800 266.000
2020 370.000 83,100 355,000
I' 30 226.800 152,600 1.141.000

NMisouri Basin 211,M) 7201,000) 368.600 2. 7 1,000
2020 1.541,000 000.700 4,4 37,000
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Public Lands Along the Missouri River Breaks offer Opportunities for Recreation Development
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Mn~i-Ma de Laikes Along NfI(Iior H~ighways Offer Opportunities for Relkxation for Both Residents and Trav~elers



Tree Planting Enhances Recreation Use at Many Reservoirs

in both of these respects. hlowever, lte potential of De- The possibilities for making state lands available for
partmnti of Defense areas, National Wildlife refuges, and recreation and park purposes in the eiztern and southern
national forests and national grasslands for similar rcc- parts of the basin vary with thie state and area. Thiey are
reation opportunitics is also significant. In particular, also partially dependent on changes in state laws and
national forest lands present many excellent opportu- regulations and on the availability of mioney for inter-
nities for future recreation site development. Most op- agency leases and acquisitions. However, what can be
portunities for establishment of major recreation areas realized is exemplified by (I ) the. recent purchase of sev-
on existing Federal lands where significant increases in eral thousand acres of state school land "inholdings"
user intensity, capacity, and satisfaction could be realized with Custer State park in Sotuth Dakota, and (2) the
will be associated with the Montana, Wyoming, and proposal to convert the 72,000-acre Colorado State
Western Dakota areas. Major opportuni ties to develop Forest in northern Colorado to a major state park.
Federal lands tor recreation use also exist ait reservoirs Anothei general state sector potential. especially appli-
and on other Federal lands in Colorado, Kansas, cable to the eastern half of thie basin, lies in carefully
Nebraska, Missouri. and Iowa. located and greater general recreation development of

fishing, hunting. and wildlife management areas. Nearly
Too little is known about thie availability of slate and all suich areas nowv serve recreation purposes, but facili-

local government administered areas, for either recrea- ties are fre-quently absent or inadequate.
Aio use or development, to permit any meaningful Many of the recreational demands have not generated
acreage estimates to be madle. However, contributions the market conditions necessary for private developnment.
front thiese lands are expected to be important. In the lie private landowners have not developed the recrea-
northern hialf of the basin, Indian lands, which are con- lion potentials of their lands primarily because it wvould
sidlered to be p~art of the private sector, offer mnty not1 pay them to (10 so.
good-to-excellent lpotential areas for recreation uses and There is no doubt that the p~otential for increasing
dlevel opmen ts wvhere ontly limited or tolerated use occurs recreation within thie basin is present tn large quantities.
now, In Iowa the existence of county conservation and Further, this potential is spread throughmout the basint.
p~ark boards offers stimulus and a legal mecans of devel- Tihus, shortages of recreational opportunities have beent
oping existing and acquiring additional lands for rec- caused fromt the failure to take adlvantage of thie poten-
reation purposes. tial, not front any lack of land capability.
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Table 27 presents projections of land areas needed latter category includes lands managed by several Federal

for recreation in 1980, 2000, and 2020. The acreages agencies and State agencies, and numerous small areas of
shown are in addition to current supplies, privately owned land. Private lands and waters account

for about 20 percent of this area. A substantial portion
Fish and Wildlife of the lands and waters in the National Parks and in some

State parks is known to be of great importance to fish
Approximately 320 million acres in the Missouri and wildlife. At present, limited data prevent classifica-

Basin are used by fish and wildlife, though the species tion and an estimate of the acreages of primary impor-
vary by habitat and other conditions. Of primary im tance to fish and wildlife. The State conservation
portance is the intensity of fish and wildlife use in departments and the Bureau of Sport Fisheries and
relation to how the basin lands arid waters are used for Wildlife lease or hold easement rights on nearly 250,000
other purposes. These conditions are indicative of the of these acres. The bulk of this acreage is under Bureau
adaptability and availability of basin lands and waters of Sport Fisheries and Wildlife control for wetland pre-
for fish and wildlife use. servation purposes in the Dakotas. Many State easements

The total land and water area used by 'ish and wild- are for fishing or hunting access, and additional ease-
life falls into two broad categories described in Chapter 3 ments would provide opportunities for further develop-
of this appendix: (i) lands and waters devoted to fish ment of this resource.
and wildlife as a primary use, and (2) lands and waters Over half of the total acreage on which fish and
where fish and wildlife are secondary or ancillary users, wildlife is a primary use lies in the Upper Missouri and

About 310 million acres of the lands and waters irn- Yellowstone subbasins, although these subbasins include
portant to fish and wildlife fall into the category of only 30 percent of the total basin (figure 14). This is
ancillary use. This includes almost all of the private lands due to the large amount of public land, especiallythe
and a substantial portion of the public lands.Because of National Forests and the Public Domain, and the suit-
the tremendous acreage involved, these lands and waters ability of these lands for fish and wildlife management.
supportu most of the basin's fish and wildlife, and offer On the other hand, the Middle Missouri, Kansas, and
most of the opportunities for further development. Lower Missouri subbasins contain the smallest amounts

There are about 10 million acies of land in the basin of lands and waters on which fish and wildlife manage-
considered of primary use for fish and wildlife. This mnent is the primary use. These are the subbasins in which

Fishermen Below The Spillway Of A Missouri River Basin Dain
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agricultural land use is most intensive anid the greatest be required. Ncasuies -that rtotwr the land from the
need is to capitalize on all opportunities for developing natural forces of water. wind. 'fire. arid climate affect
fish and wildlife resources, both yieldand quality of water as well aslarid use and

In general. those subbasins containing the most public productivity. Conservation meaiures-will also contribute
land also have the most opportunities for developing -to the reduction of flood haza~rds in tural' and urban
-land and water devoted to fish and wildlife. The Eastern areas. Impro)ve water disposal tir removal in-,areas where
Dakota Subbasin, a notable exception, contains-a signif- iteeded. anid generally enhance ircreational -and fish arid
icant portion of the Nation's small marshes. Thrroughout wildlife-,values. While treatmetsmay vary hiam-one area
the basin, the private lands account for millions of days to~ a nother, the-k ng~lerni -result commuorr to nearly all
of recreation and more millions of days of hunter and treauent, mnclsarcsis that~of sustained o, increased pro-
fishenmen activity. For the most part, these services are duction. In some instunces,,sm-lkas forage yield. indreases
provided free by the landowners and con~stitute an nrwy-not occur for a-pesiod. of years because the deficit
ancillary use (figure 16). However, it appears that the tceaied 4; misnlanja'eivent-'or ovrluske in the .paSt must
limits of these voluntary services by the priyate land- irst be satisfied.
owners are being reached. It will be necessary to provide
some kind of inducement to these laridownfmr- to- meet'
the projected future needs, Aoricultural.Land,

MAINTENANCE AND IMPROVEMENI( OF -Lad con servat lonmeniasu f swill iinini speek-st rea I
LAN REOURESflows ane sedinient product ioiA -,.used- by hitoff from

k ' onmer storms. fl-owtx'er 'iIp id etit irabi -effect -dinitit--
Maintenance anid improvement of the 325 million 6shes as distance incrtaSes -from, tlv treatment art-as.

acres of basin lands for agriculture, recreatiot, 'fish and hiitensive cropland. forest. range, or pasture management
wildlife habitat, urban, and many other uses will reqiire is. needed- to stabilize ciitica~l1o0-iurce indsedimtent-
conservation measures on those lands not now adequate- producing areas.
ly protected (table 28). Maintenance and periul:e re- Land conservation miepstires conribute directly to
installation of many measures now on the land will also control and reductin-f ppilution'. Sediment produced

x. 5-

Ducks Rising From Their Nesting And Feeding Area Of A Missouri River ')3asin Reservoir
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Establishment And Maintenance Of Watershed Protection Measures Improve
Productivity Of The Basin's Agricultural Lands

by erosion is a pollutant. It is both a mechanical abrasive varying erosion hazards and conservation treatment
and a contributor of unwanted foreign matter that must needs.
be removed before water can be used beneficially. Fine- In the eastern part of the basin, water erosion is the
grained sediment, paiticularly clay-sized particles, facili- dominant problem on cropland. Sheet and gully erosion
tate transport of agricultural pesticides, herbicides, are the major hazards to tilled soils that occur on slopes
chemical fertilizer, and animal wastes in water. Sediment exceeding two percent. Runoff is fairly rapid, due to the
yield is increased by improper land use and destructive slope, except in the sandy soils. Vegetated waterways,
agricultural and nonagricultural exploitive practices. Eco- terraces, contour farming. strip cropping, proper use of
nomically and aesthetically, sediment impairs water crop residues, adequate use of fertilizers, and conversion
quality, contributes to swampy conditions, and depletes of marginal croplands to permanent vegetation are the
water storage capacity in reservoirs and streams. major treatments needed to control water erosion and

Sediment causes turbidity in flowing streams and in provide protection to cropland. Agricultural lands with
some reservoirs. lerefore, it is an important factor when excess water need draining before satisfactory crop yields
water quality problems associated with turbidity are can be obtained. On the floodplains, the nearly level
under consideration. A reduction in volume of sediment well-drained soils, with little or no flooding except in
entering streams will prevent serious damage to fish abnormally wet seasons, have little erosion hazard.
spawning beds and improve fish food supply; reduce the Simple precautions, such as the maintenance of peren-
costs of water purification; extend the life of reservoirs nial vegetation, are needed along stream channels to
and watershed structures, and decrease the cost of dredg- prevent streambank erosion.
ing channels and harbors for navigation. In the western and northern portions of the basin,

both wind and water erosion are the dominant problems

Current and Projected Status of Land on cropland. In the western part, inadequate moisture is

Conservation a limiting factor in crop production. An alternate crop
and fallow system is necessary to produce satisfactory
yields of most nonirrigated crops. Residue management

Cropland, Nonirrigated- There are about 97 million practices which allow the stubble or other crop residue
acres of nonirrigated crolpland in the basin with widely to remaini on or in the surface of the soil during the
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Table 28 - CURRENT CONSERVATION TREATMENT AND NEEDS'

Subbasins

Item Miouri stone DakAa Dakota Niobrara Missouri Kan' isso,,i Bsin.

NON-FEDERAL LAND (Thousand Acres)
Cropland (Non-Irrig.)

Total 9.757 2.343 9.097 20,889 12.850 11.116 20.638 10,203 %.893
Adequate 4,683 960 3.184 7.520 -4.369 3.891 7.223 3.469 35,299
Managelent 4.879 1.289 3.184 7.520 3.212 2.223 5.985 1.735 30,027
Mgmt., Veg., & Mech, 195 94 2.729 5.849 5.269 5,002 7,430 4;999 31,567

Cropland (Irrig.)
Total 953 1.031 198 119 2.784 103 1,703 5 6.8%
Adequate 267 258 79 75 1.002 34 886 2 2,603
Managemcent 229 412 50 29 585 21 306 1 .633
Mgmt., Veg., & Nech. 457 361 69 15 1.197 48 511 2 2,660

Pasture & Range
Total 25.522 24.333 31.677 12.547 35.147 2.485 13,619 7.334 152.664
Adequate 8.677 9.003 15.839 4.893 15.816 721 4,767 2,420 62.136
Management 13.527 10,463 12,037 5,646 15,465 919 6.265 1,174 65,49(
Mgmt., Veg.. & Schii. 3,318 4.867 3.801 2.008 3,866 845 2.587 3.740 25,032

Forest & Woodland
Total 1.964 1.550 977 213 1.936 631 597 5,788 13,654
Adequate 1.218 899 439 136 1,045 189 311 2.662 6,879
Management 727 605 352 38 639 335 113 2.547 5,356
Mgmt., Veg.. & Mech. 19 46 186 57 252 107 173 579 1.419

Other (Ag. & Non-Ag.)
Total 886 350 980 2.424 2.529 1.220 1,701 1.510 31.600
Adequate 806 326 784 2.085 2.276 1.062 1,122 1-192 9.653
Managenent 0 3 127 218 101 134 25b 46 885
Mgmt.. Veg.. & Mcch. 80 21 69 121 152 24 323 272 1.062

Total Private Land
Total 39,082 29.607 42.929 36,190 55.246 15,555 38.258 24.840 281.707
Adequate 15.651 11.446 20.325 14.689 24.508 5.897 14.309 9.745 116.570
Management 19.362 12.772 15,750 13.451 20.002 3,632 !2.921 5.503 103,397
MgIiit., Veg.. & Mcch. 4,069 5.389 6.854 8,050 10,736 6.026 13,024 9.592 61,740

FEDERAL LAND (Thousand Acres)
Pasture & Range

Total 6,685 9,281 3,645 6 4.497 ... 49 7 24,170
Adequate 3.677 5.290 2.369 2 2,428 --- 17 4 13.787
Managemenit 2.340 2.877 911 1 630 . - 22 . . - 6,781
Mgmt., Veg., & Mech. 668 1.14 365 3 1.439 ..- 10 3 3,602

Forct & Woodland
Total 5,247 4.523 1.486 33 2,952 1 20 170 14,432
Adequate 3.673 4,116 743 18 2.863 1 10 153 11.577
Management 1.049 180 430 6 60 T 4 ... 1.729
Mgmt.. Veg.. & Mechi. 525 227 313 9 29 T 6 17 1.126

Other (Ag. & Non-Ag.)
Total 1.279 1,442 824 373 326 i5 213 108 4,380
Adequate 1.151 1.409 700 149 326 13 I I I 80 3.939
Management 51 --- 66 16 1-. 40 --- 174
Mgmt.. Veg., & Mech. 77 33 58 _. -. 1 62 28 267

Totil Federal Liand
otal 13,211 15,246 5,955 212 7,775 16 282 28i 42,982

Adequate 8.501 10,815 3.812 169 5.617 14 138 237 29.303
Manlagemlent 3,A410 3,057 1,407 23 690 1 (,6 , . 8,084
Mgnit,, Veg.. & Mcch. 13270 1,374 736 20 1.468 : j8 48 4,995

II aid Adequatvd'. Mainagcd or I reiled - Inidude, alt laid oill i the ow, ialligellniclit alld treatllnt inlvc% the llinillm

stalidird% of tilt: LiN, ill01n progrilm% of tilt (C . boil ( olied\tJli0n l)itrUi t. ilte id1il 8fc' e, or of il!h I eder,Il L.anid

ManageluiLnn t & on\ rilId. It ilcudesa.:Il t1 peN ol immagenelil, %.egettion. and nechaiital practices.

fallow periods aire ieedCd to redhiu soil losses and cun- the installation of iimproved l iaage llt m,iSlreS to be

serve iiolsitute. Strip trop)pling. Contour farlinlg, grassed considered adeqtiatel> Ireated. Manl of these practices,

waterwa) s. and letraces imay be necessar\ to control stich as stubble mn1lchiltg and stllip cropping, call be in-

e1oiott. stalled with miniin expense. Aboit 32 million acres

It i estimated that about 35 milliun ares. or 36 pci- requite vegetative and mechatnical neastures siich as the

tet. ol tile nontrrigatcd .topimid are ,ideqUa tel Ireted ,ontruct ion of terraces and waler\,a) s to re$ iIe erosilon

,it the preell lne. About 30 million acres need onl\ ,itid su Il Jlo, as \\ell as improved ma1,nl1agelenl mnaSlres.
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sioit. The main practices needed to treat pastureland are
proper use, rotation grazing, fertilixing. and reseeding
depleted areas.

Rangeland mainly occurs in the Bluestem Hills area of
Kansas Subbasin, Sand [ills of Nebraska. and tile north-
ern and western parts of the Missouri Basin. Much of the
rangeland is on steep land, shallow soils, or areas gener-
ally not suitable to cultivation. The needs are proper use,
rotation grazing, development of adequate stock water
facilities, reseeding of depleted areas, and in some areas
control of competing weedy vegetation.

The mountain parks and meadows and alpine grass-
Cropland: Nearly Two-Thirds Of The Cropland Still lands are grazed mostly in summer. These lands, because

Needs Protection From Erosion With Practices of the short growing season, long-term recovery period,
Similar To Those Used On This Nebraska Farm and their association with high water-yielding areas, are

particularly important from a watershed protection
It is expected that the percentage of land adequately standpoint. The vegetative turf common in these areas is
treated will increase to about 48 percent by 1980, to 63 the orimary form of watershed protection. While this
percent by 2000, and to 77 percent by 2020. turf is quite hardy, continual overuse is extremely d, ri-

mental to it, and an erosion process can be started that i"
Crooland, Irrigated- Approximately 6,896,000 acres of difficult to control. At thehigher elevatio, - :: readi-
cropland in the basin are irrigated. Most of this acreage is ness, livestock distribution, proper use, and i.o* removal
located in the western part of the basin. The addition of when proper use has been obtained are im"prtant in
irrigation water to suitablk, cropland areas reduces the maintaining a good ground cover.
limitation of inadequate iroisture. It is important to
keep a good vegetative cover on or in the surface of irri-
gated soil. Water quality control, reducing water delivery
losses, adequbte storage facilities, drainage, maintenance
of fertility, and improved on-farn irrigation water man-
agement are the major requirements for maintaining the
land resources. About 2.6 million acres or 38 percent of - .
the irrigated cropland is presently considered to be
adequately treated. About 24 percent needs improved
management practices such as the proper application of
irrigation water, crop residue management, proper crop- ,
ping systems. and maintenance of fertility to be ade-
quately managed. About 38 percent needs mechanical
measures, such as land leveling and smoothing, the in-
stallation of drainage ditches or tile, and the improve- Grasslands: Almost Half Of The Basin's Grasslands
ment of on-faim irrigation systems in addition to
management measures to be adequately treated, It is
expected that the proportion of land adequately treated
will increase to about 50 percent by 1980, to 67 percent
by 2000, and to 81 percent by 2020.

P'asture and Range- There ate about 177 million acres of
pasture and range in the Missouri Basin, with about 153
million acres of non-Federal privately owned anl 24 mil-
hon acres federally owned land. lit tie eastern part of
the basin, the pastures are in small, 3cattered tracts. Most
paiuro' are in lowland areas subject to frequent flooding

Son area where slopes are too steep or soils are too
!0l,,% ,4'r cultivation. The major problem of pasture

,3,'kaekit i- over-grazing. The grass i,; grazed so close Range Revegetation, Fencing, And Proper Range
,, e weakened. Where pastures are on rolling Management Practices ,re Improving Forage

I . d the plants are unable !o conwrol soil ero- Production And Stabilizing Soils



About 62 million acres or 41 percent of the non- Black Hills. and throughout the Ozarks. Uncontrolled
Federal and 14 million acres or 57 percent of the feder- woodland grazing, especial!y in the hardwood areas. has
ally owned range and pasture land is currently adequately compacted the top soil, and caused accelerated erosion
treated. About 65 million acres or 43 percent of the on thousands of acres. The forest can be improved
non-Federal and seven million acres or 28 percent of the throughout the basin, particularly in enhancing water
Federal land need only the application of proper man- production and flood runoff reduction. Progress in these
agement practices such as prope- grazing to maintain or two aspects has been made on the Federal forest lands.
improve the grass condition. About 25 million acres or but much still remains to be accomplished even-on these
16 percent of the non-Federal land and 3.6 million acres areas.
or 15 percent of the federally owned range and pasture
land need vegetative and mechanical practices such as re-
seeding, control of competing vegetation, or construction
of water facilities. It is estimated that the non-Federal
and Federal range and pasture land adequately treated
will increase to 51 and 64 percent in 1980. to 66 and 83 •
percent in 2000, and 78 and 96 percent in 2020, -

respectively. ,

Forest and Woodland- There are aibout 28 million acres
of forest and woodland in the Missouri Basin. with 13.6
million acres in non-Federal and 14.4 million in Federal
ownership. The principal forested areas are in the Ozark
Highlands, the Black lills, and the Rocky Mountains. In _
the Ozark Highlands the forest is mainly of the oak-
hickory type. "rhe forested portions of the Black lills Fire Destroys Humus, Increasing Erosion and Runoff
area consist of ponderosa pine. In tie Rocky Mountains,
the forested areas consist principally of lodgepole pine,
ponderosa, pine, true fir, spruce, and Douglas fir. In the Most of the non-Federal woodlands are in small hold-
other parts of the basin, tie cottonwood-elm-oak type ings. Land conservation could be improved on these
occurs along the principal river bottoms and in areas too lands by range management practices to control grazing.
rough or shallow foi cultivation. A considerable acreage When trees are harvested. proper road location and de-
of woodland consists of trees planted for field andi arm- sign, skidding methods, erosion control measures, and
stead windbreaks and shelterbelts. regeneration of new stands are needed.

Both lightning fires and man-caused fires have devas- The federally owned forest lands include some of the
.tated certain critical mountain slopes by destroying plant high water yielding areas of the basin. Managelent
cover and'huntis. Careless cutting and logging operations practices include tinber stand impi ovenient measures,
have catsed erosion and streaimflow disturbanues along thinning, timber harvest planning, slash and debris dis-
the eastern front of the Rocry Mountains, in parts of the posal. road location and design. and erosion control J

measures during the following timber harvest,
It is estimated that 6.9 million acres or 50 percent of

the non Federal owned land and i .6 million acres or 80
-., percent of the federaliy owned forest and woodland are

______-_--.__.-. __ adequatel) managed or ticaled at tie present tume. Ap-
- -proximately 5.4 million acres of the non-Federail land

and 1.7 million acres of tie Federal land need proper
nMilmanagement-ty pe practices only sudi Is protection from
fire, disease, insects, and grazing control. The balance.
IA million acres of non-Federal land and ILI million
acres of Federal land, needIs establishment (i practices
such as removal of undesirable trees. replanting oi re-
forestation and proper or timely harvesting in' addition

to improvedl management practices.
'lie percentage of land adequately treated is e\pected

Tree Planting in Windbreaks And Shelterbelts Gives to increase, for non-Federal and Federal lands fespec-
Added Protect ion To Croplands And Farmsteads lively. to 56 and 83 percent in 1980, to 2 and 8,) per-

Of These North Dakota Farms cent in 2000, and to 68 and 93 percent in 2020.
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Under Intensive Forest Management, Timber Harvesting In
Designed Strips Or Small Openings, Reduces Evapotranspi-
ration Losses, And Traps And Shades Snow

~~i .L 7't

AA
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Other Land- There are about 16 million acres classified environmental considerations. wildlife habitat, as well as
as "Other Land" in the basin. Of this amount. about for erosion control purposes.
11.6 million acres are in non-Federal ownership. lis in- About 9.6 million or 83 percent of the non-Federal
chides about 3.6 million acres of agriculture land. farm- land and 3.9 million acres of the fedelally owned land or
steads and farm roads. wildlife areas on farms and 90 percent in this category is adequately treated. About
ranches, or idle land. About 8 million acres are used for 0.9 million acres of-the non-Federal land and four per-
Ulon-agricultural purposes such as urban areas. cemeteries, cent or 0.2 million acres of Federal land requires man-
city and state parks. highways. rural non-farm residences. agement type practices. such as improved fire and hisect
and other rural areas with non-agricultural uses. The 4A control or wildlife management. About 1.1 million acres
million acres of Federal land in this group are used for of the non-Federal land and 0.3 million acres of the
parks. wilderness areas. wildlife refuges. and recreation Federal land require esiablishment of vegetation or
areas around large federally constructed impoundments. erosion control measures, such as drop structures or

Runoff is generally highi on urban and transportation other vegetative and mechanical measures, to stabilize
areas. The conservation measures are related to the coil- drainageways.
trol of erosion in the drainageways. by such means as It is expected that adequate treatment of the non-
establishment and mauntenance of vegetation, drop Federal and Federal lands in this classification will in-
structures, or similar installations. A significant part of crease to 86 percent and ) I percent by 1980. to 89 and
the area needing treatment is associated with urban 95 percent by 2000. and to 92 and 96 percent by 2020.
development and highway and road construction. Dis- respectively.
turbed or raw areas are subject to high rates of runoff
and severe erosion during high intensity rain storms. Recreation Lands
Strip mining and other mineral activities affect relatively
small areas, but require intensive treatment and manage-
ment to avoid widespread effects. Some of the best known recreation lands of the

Parks and military areas generally have a good cover United States are situated in the Missouri Basin. They
and require treatment of only the more intensively used are chatacterized by the cliche "wide open spaces". They
areas. Conservation practices primarily are management offei ideal recreation environment and contain unusual
measures required to maintain the vegetative cover for potential for recreational opotunities attractive to

. . ............ 1

Other Lands: About Three-Fourths Of The Transportation. Urban, And Built-Up Area has Been Treated
For Erosion Prevention Measures
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tourists. Recreation and tourism are important enter- The mounting loss of quality environment is inter-
prises in many locations in the basin. Completion of the twined with the loss of quality recreation lands. The
interstate hiimway system will greatly enhance and in- problem is especially noticeable and difficult in and near
crease recreational travel within the basin. Approxi- the larger cities of the basin. A general failure to recog-
matelv 50.300.000 acres or IS percent of the basin is nize creeping ugliness coupled with an absence of unified
used for recreation, and about 175.000 acres are intet- action to do anything about it are major factors.
sively developed to serve this purpose. Detailed problems Environmental problems are less serious in nonurban
and needs for improving recreation lands are included in areas, but there is a potential for widespread and irrep-
the Present and Future Needs Appendix. arable loss of aesthetics in many locales that could

The loss of lands which could prob:ably serve their transcend the losses that have occurred in basin cities.
highest use through dedication to recreation and aestletic Good land-use planning and controls, special recreation
purposes becomes more important each year. Generally. area zoning, and private owner cooperation will be essen-
recreation problems are more acute in and near fast tial. In the future, as now. roadside and waterfront zones
growing urban -areas. ile demands are great for lands will be problem areas and will demand special attention.
along rivers. streams, and lake shores for both private The job of meeting the transportation need in areas
uses and water resource developlments. of difficult terrain, while preserving the adjacent scenic

resource. could prove to be one of the most challenging
futture problems.

j zMany reservoir and other recreation areas in the Great
- -- , - - Plains lack adequate shade and screening. The plains

- - portion of the basin is noted for numerous clear and hot
. . days. so the need for trees and shade is considerable not

only in recreation areas, but in areas of proposed future
4 -07 development.

Thousands of miles of additional good access roads
along the Missouri River are needed in Montana, the
Dakotas. and Missouri in )articnlar. Considerable county-

aState F'deral anld private sector cooperative action will
- . be needed to overcome these access limit.ations.

Recreation is one of tie beneficial uses recognized by
all of the basin States in the development of their water
quality standards. Standards have eei, developed to
maintain the high water quality required for body coin-
tact. aqualic sports, and other recreational activities.

The Demands Are Great For Access And Development Recent Congressional action has designated a nutmber
of Recreation Use And Fish And Wildlife Habitat Along of rivers and lands adjacent tereto, as components ot
Rivers, Streams, And Lake Shores o iesadlnsajcn hrta opnnso

the National Vild and Scenic Rivers System. Although

no rivers in the Missouri River Basin have been included
in the system. two of the basin rivers have been desig.
nated for additional smudy and potential addition to tile
wild and scenic rivers system. They are the entire 265-

.. ...- . -,..,. mile length of the Gasconade River in Missouri and a
,, I 185-mile meach of the Missouri Rivet between Fort
4, Bent on and RPan Island in Monta. Six other Missouri

Basin riser reacies totaling 720 miles wvere considered in
" ' rio. proposals made prior to the estabhhshmlent of tile
'vssten These riveis also should be considered to have

1 " potential for future addition to the system.

S'veral of the aestheticall, unique candidate iivers
"/ included in earlier proposals, as well as several excellent

areches of non-candidate rivers, are or will be enldangeled
by proposed water resouice developments. Most con-

<~ ~ ~ ~ ~~~n , ! II imp lloundmnlt or hannllehiadtinil be tnmoled.

U>,-"' Ca ,refll! plannling ,in(] thorouigh considerationl of iled,,

. 'and al rnalive" w,,ill be ,bolit ' essential ito et,1in
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some of tile more outstanding free-flowing rivers and many fishing access sites should be acquired outright-
fisheries of the Missouri Basin and the Nation. More and better roads will be required in tile future.

There are many historic and archeologic sites, no- Access to publicly controlled areas for hunting and
tably the remnants of once bustling mining towns in fishing slould be unlimited, except to the extent actually
Montana and Colorado. that will eventually be lost if needed to be consistent with the purposes for which the
sufficient interest and funding are-not secured for their areas are :nanaged.
conservation. There are opportunities for maintaining and iiprov-

ing land and water areas and the enhancement of fishI
and wildlife habitat with land treatment measures and-

Fish and Wildlife Lands improvement in land management practices. These op-
portunities are particularly apparent along the eastern

The more significant fish and wildlife problems. slope of the Rocky Mountains where outstanding natural

whetherphysical. legal. or institutional, are discussed i, trout waters and big-game habitat occur. However. op-

tile appendix "Present and Future Needs." These include: portunities for maintaining and improving hunting and

(I) poor distribution of fishing and hunting demand fishing habitat are not confined to the west as there are

relative to supply, (2) legal and physical restrictions on important opportunities in the rest of the basin. Among

public access, and (3) changes in game habitat associated the more notable examples are the streams in the Ozark

with land use and management. Many of- the problems Plateaus of Missouri and the Black ills of South Dakota

can be resolved or minimized with coordinated develop- a

ment planning. natmal lake complexes remnaining in the Dakotas and

In the eastern part of the basin, tile major opportunity Nebraska.
for increasing fishing lies in the construction and use of A variety of willife habitat opportunities are iden-
small reservoirs. Generally, single-purpose fishing lakes tified for agricultural-related lands. Many opportunities

of 100 to 300 acres located vithin easy range of popula- for wildlife are realized through small watershed devel-
tion centers will best serve the need. Such lakes can be opment when adequate consideration is given in the

efficiently managed for maxinmum production, fishing planning.

quality, and public use. Multi-purpose reservoirs also I lighway construction and strip mining planned with
offer opportunities. Planning of such impoundlents adequate consideration of wildlife offer some excellent
must be fully coordinated among agencies concerned and opportunities to retain and enhance wildlife usage and

fishery enhancement features adequately considered in public enjoyment.
project formulation.

Only a limited number of resource development po- BASIC LAND DIVERSIONS NOT AVAILABLE
tentials exist for increasing hunting near the major FOR ALTERNATE USES
population centers. Preservation, enhanceinent, or level-
opment of wildlife habitat in conjunction with urban. Full development of the basin's resources to help
related development should receive a high priority in meet national requirements loi goods and services
planning. means that towns, industries, and transportation systems

While there will be much less need for fish and wild- must continue to grow. All such growth will require

life development in the upper part of the basin to supply additional land. In most instances, use of land for thfcle
resident lemand. considerable maintenance and improve- special purposes precludes its future use for other pur-
ment of land resources will nevertheless be required, poses. i.ands will also be required for the use of mineral

The Missouri Basin contributes significantly to nation- industries and for military purposes. Generally, these
al as well as regional waterfowl production. Maintem1ance lands are not headily adaptable for returning to other
and improvement of this resource. both within and with- resourLe use without extensive rehabilitation. In addi-
out tile basin, is heavily dependent on tile wildlife tion. other lands w\,ill be required for installations and
habitat that is maintained within the basin, developments for tie implementation of the framework

Public use of private lands fot hunting and fishing plan prop osed by this teport. Once diverted, most of
these resources is permissive b owners, a prerogative swuh lands will not be available for futkire alternate uses.
that certainly should not be changed. Nevertheless, a
coordinated effort to provide effective arrangements
from the land ownei's pot it of view and to improve Transportation, Urban, and Built-up Areas
public access to fish and wddlife areas is necessary to
sain a fuller use of these resources. Lands needed for the development of transportation,

A qumrmlg land fbr public hunting and fishing. ne\er a k urban, ani buill-up areas will be ,i ailable as need,.. It
pantl cularl€ popular Idea II mllot ot tile basn, ot tel \\ IIl must be prcsumed thit land for these needs wvill always
be pthibitive bc .ause of the ilgh ,ost. Despite tilis, be made a\ailalble. At the present tine, there arc about
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Once Land Is Dedicated To Uses Such As Highways And Urban Development, It Is Not Available For Alternative Use

* 7,680,000 acres of land in this type of use. It -is pro- The projections for 1980. 2000, and 2020 are kept at
jected that it will increase to 8,492,000 acres in 1980, to this same level for purposes of this study.
10,035,000 acres in 2000, and to 12,483,000 acres in
2020. Areas diverted for these developments will be
almost entire'y from lands whose primary use is agricul- Mineral Industr Lands
tural, but other uses, such as recreation, fish, and wild-
life, will also be affected. Lands used in the mineral industry amounted to

33,000 acres in 1965. This is projected to increase to

Military Lands 53.000 acres in 1980, 69,000 acres in 2000, and 88,000
in 2020. Almost all of this diversion will be from agri-

Lands needed for military purposes will be available cultural use and mostly from pasture and range. There is
as needed and at locations desired, but it is not possible a growing public demand for the return of these lands to
to predict the fuiture demands. In 1965 the utilization of other beneficial uses after the mineral resources have
lands for primary military purposes was 622,000 acres. been depleted.

Dams, Electric Power Plants, And Switchyards Are Permanent Installations Of River Basin Development
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CHAPTER 5

FRAMEWORK PLAN--

PRIMARY AND ANCILLARY

LAND USE SUMMARY

INTRODUCTION WATER AND LAND RESOURCE
FRAMEWORK DEVELOPMENTS

The implementation of the ,'framework plan for tile
development and protection of the basin's water and re- To adequately plan future programs for water and
lated land resources will change in the availability, nature land resource use and development, all foreseeable
of use, and also the intensity with which these resources changes, both public and private, must be considered.
are used. Only the changes in land use are covered in this The framework plan described in the appendix on Plan
chapter. The corresponding changes in intensity and of Development and Management of Water and Related
productivity are evaluated and discussed in the appendix Land Resources considers both public and selected pri-
on Plan of Development and Management of Water and vate development features. Such comprehensive coverage
Related Land Resources. of foreseeable changes is a necessity for plapning, analy-

The fulture use of land resources will be affected by zing, and projecting land availability in the future.Tilefutre se f lnd esouceswil beaffcte by The framework plan for the Missouri Basin. which will
many forces. Some factors are basic in nature and will
occur independently of the planning effort. Future re- be a guide for future action programs, consists of the
quirements for transportation, habitation, industrial sites, following:I. Continuation of current specified programs and
national defense, and projects currently funded but not
constructed are basic to the well-being and economic ex- 2.tAditiosa

istence of people. Generally. the prices necessary to

divert such lands from existing uses are not a deterrent Ients,
3. Water control atid related land developments.

to their acquisition. Such basic land diversions and 4. Waterontl atre ment s.4. Environmental emhancement features.
changes in land use must be included in an analysis oflandusechanes esulingfromtil proose pla. Pej- 5. Non-struetural meaisures.
land use changes resulting from the proposed plan. Proj. To accomplish the purposes exemplified by these com-
ections of these basic land diversions plus projections of ponents, the framework plan provides for developments
land area which will be removed from agricultural pro- vhich are'both single and multple ptrpose in nature.Thc
duction by uncontrolled gully erosion are shown plan also outlines a scheduling for implementating the
table 29. planned developments.

Projected land use and availability, without implemen- The comprehensive plan consists of two elements of
tation of any activities other than these basic diversions, projected changes. The first includes such things as re-
is summarized in table 30. Projections of land availability search, technology, land conservation, and the trends in
are sequential by time period. Estimation and inclusions individual actions which are evaluated and projected only
in the first time period affect tle starting base inventory with respect to their contribution to the use and capa-
of each subsequent time period. Many changes, other bility of the basin's resources in the future. Thle second
than basic diversions, will occur, The table shown is not element includes functional features of the recommended
a projection of land use, but merely shows the adjust framework development plan which will change future
ment in current normal for finded reservoirs being con- land use, capability, and availability when implemented.
structed and basic diversion in the projection perio(d. It Clear .eparation of the elements of the f -nework
provides a 1980 base from which sequential changes will plan into public and private activities is difficult due to
occur with implementation of the plan, In addition, the the many varied Federal agencies' direct activities and
table lists projected land changes in subsequent lime Federal programs for cost-sharing and technical assist-
periods and land availability by 2020. auce. Furthermore, separation of elements with respect
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Table 29-- PROJECTED LAND REOUIREMENTS-FOR TRANSPORTATION, URBAN, BUILT-UP AREAS,
FUNDED RESERVOIRSMILITARY, AND MINERAL LANDS, AND GULLY EROSION,

1980.2000, AND 2020

Subbasin Tranqiottation. Total
and Urban, suilt-up, Mineral Gully Funded -land Use

Target Yea A Military Industry Erodon Resermirs Change
(Tbo sand Acres Incremental)

1980
Upper Missouri 38 3 0 0 41
Yellowstone 56 7 5 0 68
Western Dakota 44 2 2 0 48
Eastern Dakota 63 0 13 0 76
Platte-Niobrara 234 2 9 6 251
Middle Missouri 68 1 95 0 164
Kansas 72 4 17 97 190
Lower Missouri 237 1 49 267 554

Missouri Basin 812 20 190 370 1,392
2000
Upper Missouri 60 0 0 0 60
Yellowstone 98 7 9 0 114
Western Dakota 72 1 4 0 77
Eastern Dakota 109 1 26 0 136
Platte-Niobrara 444 2 17 0 463
Middle Missouri 136 0 189 0 325
Kansas 134 4 33 0 171
Lower Missouri 490 1, 97 0 588

Missouri Basin 1,543 16 375 0 1,934

2020
Upper Missouri 87 -2 0 0 85
Yellowstone 154 13 9 0 176
Western Dakota 104 1 4 0 109
Eastern Dakota 158 i 25 0 184
Platte-Niobrara 716 2 18 0 736
Middle Missouri 220 1 190 0 411
Kansas 198 2 33 0 233
Lower Missouri 811 I 97 0 909

Missouri Basin 2,448 19 376 0 2,843

Table 30 - CHANGES IN LAND USE AND LAND BASE WITH ONLY BASIC DIVERSIONS CONSIDERED,
CURRENT NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS

FOR 1980, 2000, AND 2020 MISSOURI BASIN

Adjustment
for Re- Resulting

servoirs Adjusted Land Use Projected Land Use Land Use Land
Land and Current Assumed Current Change 1980 Change Change Availability

Water Use Normal in Place Normal CN -1980 Base 1980-2000 2000-2020 by 2020
(Thousand Acres)

Agricultural Land 312,392 -370 312,022 -1,022 311,000 .1,934 -2,843 306,223
Irrigated Cropland -( 6,896) ( -3) ( 6,893) ( -56) ( 6,837) (-101) (-183) ( 6,553)
Non-Irrigated

Cropland (96,893) (-194) ( 96,699) ( -502) ( 96,197) (-1,105) (-1,462) ( 93,630)
Pasture& Range (152,664) ( -96) (152,568) ( -348) (152,220) ( -534) ( -842) (150,844)
Forest & Woodland ( 13,654) ( -67) ( 13,587) ( -94) ( 13,493) ( -143) ( -248) (13,102)
Other Ag. Land ( 3,561) ( -10) ( 3.551) ( -22) ( 3,529) ( -51) ( -108) ( 3,370)
Federal Ag. I.and ( 38,602) ( 0) ( 38,602) ( 0) ( 38,602) ( 0) ( 0) ( 38,602)
Miscellaneous C 122) ( 0) C 122) ( 0) ( 122) ( 0) C 0) ( 122)

Recreation 2,814 0 2,814 0 2,814 0 0 2,814
Fish & Wildlifc 738 0 738 0 738 0 0 738
Other' 8.745 0 8,745 +1,022 9,767 +1,934 +2,843 14,544
Water 3.819 +370 4J89 0 4,189 0 0 4189

Total 328,508 ..... 328,508 328,508 328,508

I Include, laind ul,,d foUr tralltortatioII. urban, built-p. ulineral, military, and agricultural tand dcstroyed by gull erosion,
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to those which can only be accomplished through com- FUTURE PRIMARY USE OF LAND
prehensive planning from those which are expected to AND WATER
occur in the absence of comprehensive planning is
equally difficult. However, evaluation of the framework The acreage of some major uses of basin lands will be
plan necessitates some recognition between elements of changed significantly in the future. Land available for
change which are largely individually motivated and those agricultural use will be reduced by a total of 11.9 million
which require group action. acres, orless than 4 percent of the current normal base,

Two analyses and projections are presented as an by 2020. Reductions are estimated to be distributed as
evaluation of future land use and availability. First, the follows: 5,8 million acres by basic diversions, 3.1 mil-
measurement base is a projection of basic land use lion acres by selected activities, and 3.0 million acresby
changes that are expected with continuation of selected the other components of the plan as shown in table 3 1.
Federal and non-Federal programs and activities. The Of this total, about 1.7 million acres will be used for
selected elements considered are discussed in detail in the water storage; 2.7 million acres for recreation: 0.8 million
Appendix on Plan of Development and Management of acres for fish and wildlife: and 5.8 million acres for
Water and Related Land Resources. The second is the habitation, transportation. industrial sites, and other
projection of land use and availability expected with im- miscellaneous plan facilities.
plementation of all- the framework plan elements in- Though the loss of land available for agricultural use
cluding the selected activities. The evaluation procedure will adversely affect agricultural production, large acre-
is intended only as a measurement of land use to deter- ages of land will benefit materially fromimplementation
mine the output response attributable to the framework of the plan. It is estimated that development of ground-
plan. water for irrigation by individuals will increase irrigated

Table 31 - EFFECT OF TOTAL LAND DIVERSIONS ON AVAILABILITY OF LAND AND WATER BY
MAJOR USE CATEGORIES, CURRENT NORMAL WITH PROJECTIONS FOR 1980, 2000, & 2020

__Agsriculture Recreation i & WildWer
(Thousand Acres)

AI)JUSTEI) CURRENT NORMAL 312.022 2.814 738 8.745 4.189
Basic Diversions' -1.022 +1.022
Selected Activities 2  -398 +369 +29
Water Control & Related Land I)evelopmenti

Irrigation 3  -18 +4 +14
Gully Stabilization +84 -99 +15
Reservoirs 4  -1.113 +5 +655 1453
Fish & Wildlife -676 +555 + 121
Recreation -179 +153 +26
Miscellaneous 5  -55 +22 +33

LAND AVAILABLE BY 1980 308,645 3.341 1.703 9.939 4.880
Basic I)iver,,ions -1,934 +1.934
Selected Activitie, 2  -893 +824 469
Water Control & Related Land I)evelopmenti

Irrigation 3  -35 +!5 +20
Gully Stabilization +284 -290 +6
Reservoirs 4  -848 +514 +334
Pisa & Wildlife -183 +135 +48
Recreation -148 +126 +22
Miscellaneois 5  -62 -27 i35

LANI) AVAILABLE BY 2000 304.82. 4291 1.838 12.139 5.414
Basic Diversions' -2.843 +2.843
Selected Activities 2  -1.214 -1I. 14 +100
WVater Control & Related Land l)cvelopinents

Irrigation3  .70 + 15 +55
Gully Stabilization +280 -283 -0
Reservoir. 4  -462 +278 +184
Mish & Wildlife -205 * I (Al +45
Recreation -198 +122 +76Miscellalleoms, -24 14 +20LANi) AVALABL BY 2020 300.090 5.527 1.9 8) 14,996 5.897

NET ('IIANGF1 -11.932 +2.7!3 48511 1.661 * 1.708

Ilhclud¢s llid changes qsho\, iiin detail ill Iable 29.
21hlcldv,., pulic and private land conserva: ion. groulndsater irriga c ion. ,and recreai.lion d ,tl 1.riliit
3hlcludes pihlic and private deselopinen l of surfaice \ ,ater ,ipptli.
4 \11 reservoir regardless or purpo ¢.
$. wl h Id¢s hlld fol inicellaoivotr1, lk lhtitC.
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cropland by appioximately 6.0 million acres, and con- resource development and 'inherent agricultural capabil-
tinued land conservation activities will improve another ity that would be achieved by full implementation of the
108 million acres. In-addition, implementation of func- framework plan. Such additional development includes
tional elements of the framework plan will reduce the the categories of water control and related land resource
flood hazard on 6.2 million acres of flood plain, improve development, and environmental enhancement and non-
the drainage on 0.8 million acres of non-irrigated crop- structural measures. These components of the plan in-
land and 0.6 million acres of irrigated cropland. and pro- dlude public and private irrigation to be developed from
vide irrigation water for an additional 4.9 million acres surface water supplies, flood control, group drainage
of cropland as shown in table 32. systems, streambank and gully erosion control, and re-

habilitation of existing irrigation systems. Also, this takes
Table 32 - ACREAGE OF AGRICULTURAL LANDS into account land taken from the agricultural -base to

BENEFITED UPON IMPLEMENTATION OF satisfy future requirements for reservoirs, recreation,
FRAMEWORK PLAN fish and wildlife,.and, other multiple-purpose and single-

Type of Ben t 1980 ] 2000 2020 purpose features of the framework plan.
(Iousand Acres) Non-irrigated cropland Will decrease about 8.3 million

Drainage (Project)' 393 943 1,388 acres by 2020 with the continuation of selected programs
Flood Protection2  3,257 5,103 6,163 in Category A. With all features of the framework plan,
Irrigation 2,735 6,202 10,855 the acreage will, decrease another 4A million acres. On

Groundwater (1,614) ( 3,456) ( 5,969)
Surface Water, Private ( 543) ( 1,313) -(2,502) the other hand, irrigated cropland is projected to in-
Surface Water, Public ( 578) (1,433) (2.384) crease by about 5.8million acresby 2020 with adoption

Watershed Protection and crease frab ot p l n F e s prodcih a gion

Management 30,565 74,166 108,119 of the framework plan; Federal lands producing agricul-
tural products are not expected to be affected, but lands

Areas requiring only on-farm drainage are included in water- used primarily for fish and wildlife purposes will be in-
shed protection and management. Drainage associated with creased 850 thousand acres by 2020 if the framework
irrigation rehabilitation is included.21ncludes varying degrees of protection plan is fully implemented. Recreation lands are projected

to be increased 2.3 million acres with continuation of
The projections of land use are grouped in two cate- selected programs, and full implementation of the plan

gories in tables 33 through 41. will add another 400 thousand acres of recreation land.

Category A - Selected Agricultural, Recreation, and FUTURE ANCILLARY USES OF LAND
Fish and Wildlife Activities- This category of projected AND WATER
resource use and agricultural production capability as-
sunes continuation of agricultural research programs; Most of the basin land and water serves more than
adoption of production technology on the farm; in. one purpose. Uses other than that indicated by the
provenient of on-farm management practices; applica- primary land use classification categories-are considered
tion of land treatment and conservation measures; and here as ancillary. Total ancillary use of an area often ex-
adoption of individual on-farm resource development ceeds the primary use, especially when the areah-as more
measures affecting agricultural output, including the use than one ancillary use. This trend is increasing with the
of reserve idle lands as needed. Federal funding arrange- continued acceptance of the multiple-use concept for
nents. cost sharing, and technical assistance are assumed natural resources,
to be maintained at the present levels. In addition, this Agriculture, fish and wildlife, and recreation are the
category includes (I) the projections of groundwater mcre important ancillary uses in the Missouri Basin.
irrigation development by individual farmers and (2) land Agriculture is an ancillary use on about 18 million acres,
acquisition and use for recreation and fish and wildlife fish and wildlife on 309 million acres, and recreation on
development by State, local, and ptivate interests. There over 47 million acres. It is not expected that adoption of
are several forms of public programs and assistance that the framework plan would have an effect on agricultural
influence the individual or entity in the timing and ancillary use of land. I; will have only a small effect on

decision to act when the initiative and decisions are non- fish and wIldlife and retcreation ancillary uses in terms of
group and nonpublic activities, This category of land use acies used.
does not include the effects of the components of the Fish and wildlife and recreation will be an ancillary
framework plan that involve diversions of agricultural use on almost all of the increased area in the "other"
land to more stable agricultural sroesctio., and to non- land use category and the "water" category. The "other"
agricultural us5es. land category will increase by about one million acres

Category, B - Full Inplecnentation of Framework Plan- and the "water" area by about 1.6 million acres by 2020.
lhis category encompasses the selected activities de. The principal effect on fish and wildlife and recreation
scribed under Category A together with the additional will be the increased intensity of use for these purposes.
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Table 33 -USE OF LAND AND WATER -ADJUSTED CURRENT NORMAL WITH PROJECTIONS
FOR 1980, 2000, 2320, MISSOURI.BASIN

Adutd1980 2000 12020
Current Category Category Category Category

Land and Water Use Normal A I  2 ( At ce 82

(ThousandAcres)

Agricultural Uses
Privately Owned Land

Cropland Nonirrigated 96.699 94.765 93.325 92.020 89.373 88.395 83.992
Cropland Irrigated 6.893 8.451 9.540 10.192 12,887 12.522 17.344
Pasture & Range 152.568 151.765 150.440 150.452 147.925 148.408 144.953
Forest & Woodland 13.587 13.381 13.107 12.931 12.473 12.337 11,759
Other 3.551 3.516 3.509 3.456 3.444 3.332 3.318

Other Forest Land 122 122 122 122 122 122 122
Federal Land Producing
Agricultural Products 38.602 38,602 38.602 38.602 38.602 38.602 38.602

Subtotal 312.022 310.602 308,645 307.774 304.826 303,718 300,090

Recreation 2.814 3.183 3,341 4.007 4.291 5.121 5.527
Fish & Wildlife 738 738 1.293 738 1.428 738 1.588
Other 8,745 9,767 1.349 11.701 12.549 14.544 15.406
Water 4.189 4.218 4,880 4,288 5,414 4.387 5,897

Total 328,508 328.508 328.508 328.508 328.508 328.508 328,508

ICategory A, current and projected current normal phn% continuation of selected programs described.2Category 1, (I) current and projected current normal, plus (2) continuation of selected programs. pill, (3) additional resource
development described.

Table 34 - USE OF LAND AND WATER - ADJUSTED CURRENT NORMAL WITH PROJECTIONS
rOR 1980, 2000, AND 2020, UPPER MISSOURI SUBBASIN

Adjusted 1980 2000 2020

Current Category Cateory Category Category Category Category
Land and Water Use Normal A I  BT At B2  At Bz

(Thousand Acres)

Agricultural 
Usesn

Privately Owned .and
Cropland No.tirrigated 9.757 9.742 9,649 9.685 9,517 9,590 9.351
Cropland Irrigated 953 950 1.139 977 1.349 1,001 1.490
Pasture & Range 25,522 25,485 25,332 25.406 25,083 25,298 24,880
Forest & Woodland 1.964 1,952 1,944 1.846 1.820 1,781 1,743
Other 254 253 253 252 252 251 251

Other Forest Land ... ... ............. .
Federal Lamd Producing
Agricultural Products 11.932 11.932 11,932 11.932 11,932 11,932 11,932

Subtotal 50.382 50.314 50.249 50,098 49.953 49,853 49,647

Recreation 519 546 556 701 717 859 879
Fish & Widlife 142 142 153 142 181 142 197
Other 1,250 1.291 1.296 1.351 1,359 1,436 1,450
Water 670 j 670 709 671 753 673 790

Total 52,963j 52.963 52.963 52,963 52,963 52.963 52,963

ICategory A. current anid projected current n ormial plus continuation of selected programs described.
2Lategor, Il (I) Aurrcni and projetuld iurrent nornal. plus (2) wil till wit ion of sclet lcd progrimn%. plus (3) addition.l rcsouome
development described.
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Table 35 - USE OF LAND AND WATER - ADJUSTED CURRENT NORMAL WITH PROJECTIONS
FOR 1980,2000, AND 2020, YELLOWSTONE SUBBASIN

Adjusted 1980 2000 2020

Curent Cateoy CataBer Category CatBer Catego CatBer
Land and Water Use Normal At  At  AT

(Thousand Acres)
Agricultural Uses

Privatcly Owned Land
Cropland Nonirrigated 2.343 2.328 2.236 2.290 2,081 2,269 1,979
Cropland Irrigated 1.031 1,028 1.211 1.027 1.454 988 1,589
Pasture& Range 24.333 24.206 24.061 23.978 23.633 23.686 23.175
Forest & Woodland 1.550 1.496 1.490 1,388 1.377 1,250 1.231
Other 91 91 91 91 91 90 90

Other Forest Lind .... --- .. .... ---.
Federal Land Producing

Agricultural Products 1 3.804 13.804 13.804 13,804 13,804 13.804 13,804
Subtotal 43.152 42.953 42.893 42.578 42.440 42.087 41.868

Recreation 1,408 1.538 1.566 1.796 1,853 2.107 2,175
Fish & Wildlife 31 31 37 31 45 31 57
Other 264 332 333 446 458 623 654
Water 345 346 371 349 404 353 446

Total 45.200 45.200 45.200 45,200 45,200 45,200 45.200

ICategory A, current and projected current normal plus continuation of selected programs described.2Category It. (I) current and projected current normal, plus (2) continuation of selected programs, plus (3) additional resource
development described.

Table 36 - USE OF LAND AND WATER - ADJUSTED CURRENT NORMAL. WITH PROJECTIONS
FOR 1980, 2000, AND 2020, WESTERN DAKOTA SUBBASIN

Adjusted 1980 2000 2020
Current Category Categry Category Category Category Category

Land and Water Use Normal A I  B A t  I B2  AI  B2

(Thousand Acres)
Agricultural Uses

Privately Owned Land
Cropland Nonirrigated 9.097 9.073 8.927 9.012 8.708 8.895 8,280
Cropland Irrigated 198 205 353 235 561 313 955
Pasture & Range 31,677 31,624 31,534 31,517 31,313 31.392 31.140
Forest & Woodland 977 972 959 961 943 951 930
Other 209 208 208 205 205 200 200

Other Forest L.and . - - .. ... ... .. .
Federal Land Producing
Agricultural Productk 5.131 5.131 5,131 5.131 5,131 5.131 5,131

Subtotal 47,289 47,213 47,112 47,061 46,861 46,882 46.636
Recreation 334 362 416 437 508 507 601
Fish & Wildlife 92 92 114 92 114 92 114
Other 1.169 1,217 1,221 1.294 1,350 1,403 1,468
Water 472 472 493 472 523 472 537

Total 49.356 49,356 49.356 49,356 49.356 49.356 49,356

ICategory A, current and projected current normal plus continuation of selected programs described.
2(,ategory I. (I) current and projected current normal, plus (2) continuation of selected programs, plus (3) additional resource
development described,
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Table 37 - USE OF WATER AND LAND - ADJUSTED CURRENT NORMAL WITH PROJECTIONS
FOR 1980, 2000, AND 2020. EASTERN DAKOTA SUBBASIN

Adutd1980 2000 2020
Current Category Cat ry C I ry Cat Category Catery

land and Water I. t Normal A B- A I B- A
(Thiousand Acre )

w\ rcultural Ilse%,

Priv:1iely Owned L.and
(r,,tiland Nonirrigated 20.889 2(.775 2it.5419 .0.St 2 24.1112 20.212 19,180
(ropland Irrigated 1I9 24)8 347 342 868 557 1.842
Pasture & Ranee 12.547 12.497 12.176 12,348 11.801 12.037 ^ AI1.261
I (;resl & Woodland 211 210 201 19111 179 134 "122Other 394 593 590 587 585 582

Other Forest i nd
Ilederal Iand I'roducin g

\vkrciltural Product 39 39 39 39 39 39 39

Subhtotal 34.39) 34.322 33.865 34.071 33.576 33.564 33.02b

Recreation 3x 39 56 149 166 467 486
i,.h & Wildlife 162 621 430 162 432 162 456

Other 1.802 1.613 1.957 1.749 2.119 1.933 2,304
Vmer 902 902 995 907 1.01(1 912 1.03 1

I oral 37.303: 17.303 37.33 37,303 37.303. 3-7.303 37,303

Catlegory A. current and projected current normat plus conlirmtation of selected programs described.
2 Catlegory It. (I) current and projected current normal, plus (2) continuation of selected programs,, plus (3) additional resivurce
deveopment described.

Table 3, - USE OF LAND AND WATER - ADJUSTED CURRENT NORMAL WITH PROJECTIONS

FOR 1980. 2000. AND 2020. PLATTE-NIOBRARA SUBBASIN

Adjustedd-u-t- 1980 2000 2020

Current teory Category Cater" r carer.y Category IaW Ca "ry
tand and Water Use Normal A I  BABA

(Thousand Acre%)
Aericultural Ues

Privately Owned Land
Cropland Nonirrigated 12.850 12.333 12.0)96 11.849 11.378 11.181 10.543
Cropland Irrigated 2.784 3.281 3.493 3.707 4.145 4.278 4.884
Pasture & Range 15.141 34.878 34.602 34.443 33.984 33.774 13.136

I orest & Wo.dland .1.936 1.910 1.865 1.867 1.777 1.771 1,631
Otlier 621 618 618 612 612 59 "7

Other Forest Land
lederal Land Producfig

\+ricultttral Product. 7.449 7.449 7.449 7.449 7.449 7.449 7 444#

611.781 611.469 60.123 59.927 59.345 5.050 ,

Rereatlioi I 377 439 461 495 .69 6(0)
Fislh & %Wldltlie 22(1 220 ,16 220 334 220
Other 1.637 1.882 2,001 2.345 2.561 3.081
WIle, 660) 665 774 688 866

lotal 63.675 63.675 63.675 63.675 63.675 6 06 7 !

I cvgr A. current and projected current normal plus coliInualiimn of selecled prolplmi e.si'flid

.('atel. ry II, 1I) clurrelnt aild prjiected curren u norial, pius (2) c in tilualou f tletted prai r m. 1w 4,4 "I'411. .

dcv,epmnv mi dew ried,

BestAvilable Copy,



Table 39 - USE OF LAND AND WATER - ADJUSTED CURRENT NORMAL WITH PROJECTIONS
FOR 1980,2000, AND 2020, MIDDLE MISSOURI SUBBASIN

.aapstn1 1 1980 2000 2020
Cuarrea11t categr I tew~y atategr Ctry y categr

Land and Water Use NormMl A I3
(Thound Acre)

Agricultural Uses
Privately Owned Land

Cropland Nonirrigated 11.116 10.750 10.695 9.885 9.907 8.962 8,786
Cropland Irrigated 103 319 340 854 945 1,380 1.729
Pature & Range 2.485 2.454 2.371 2.416 2,258 2.381 2.163
Forest & Woodland 631 614 591 585 547 554 510
Other 447 442 442 435 435 414 414

Other Forest Land 118 118 118 118 118 118 118
Federaland Producing
Agricultural Product% 1 I I 1 I I I

Subtotal 14.901 14,698 14,58 14.294 14,211 13.810 13.721

Recreation 37 65 80 124 148 180 223
Fish & Wildlife 25 25 59 25 70 25 70
Other 608. 772 762 1.097 943 1,508 1,260
Water 174 185 _286 205 373 222 471

Total 1 15.745 1 15.745 5.745 15.745 15.745 1 15.745 15.745

ICategory A. current and projected current normal plus continuation of selected programs described.2Category H, (1) current and projected current-norm.al, plus (2) continuation of selected programs, plus (3) additional resource
development described.

Table 40 - USE OF LAND AND WATER - ADJUSTED CURRENT NORMAL WITH PROJECTIONS
FOR 1980,2000, AND 2020, KANSAS SUBBASIN

Adjusted- 1980 2000 2020

______________ Noral Ca Cat ego ry Cateo,
Land and Water Use No-rmid ry t 1ategA

(Thoua nd+,+ ees)

Agricultural Use1
Privately Owned Land

Cropland Nonirrigated 20,587 19.964 19.767 19.454 19,035 18.559 17.952
Cropland Irrigated 1.700 2,347 2.422 2,779 2.971 3.588 3.880
Pasture & Range 13,589 13.461 13.386 13.355 13.166 13,203 12,912
Forest & Woodland 588 571 558 563 553 546 537
Other 548 531 531 517 516 497 495

Other Forest Land 4 4 4 4 4 4 4
Federal Land Producing

Agricultural Product,; 69 69 69 69 69 69 69
Subtotal 37,085 36.947 36.737 36,741 36,314 36,466 35,849

Recreation 36 79 90 108 126 144 163
Fish & Wildlife 15 15 44 I5 104 15 169
Other 1.307 1.400 1,504 1.571 1.756 1.804 2,054
Water 433 435 501 441. 576 447 641

Total 38,876 38,876 38.876 38,876 38,876 38.876 1 38.876

ICategory A, current and projected current normal plus continuation of seleeted programs described.
2 Category II. (I) current and projected current normal, plus (2) continuation of selected programs, plus (3) additional tes.urc
development described.
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Table 41 - USE OF LAND AND WATER -ADJUSTED CURRENT NORMAL WITH PROJECTIONS
FOR 1980, 2000. AND 2020, LOWER MISSOURI SUBBASIN

Adjusted 1 1980 2000 2020
Current ca'ti~ 7 & 7 ctg Category, aw Categlory

Land and Water Use Norma B I B2

(Th1ousand Acres)
Agricultural Uses

Privately Owned LAnd
Croptand Nontirrigated 10,060 9,800 9,446 9,283 8.645 8,727 7,921
Cropland Irrigated 5 113 230 271 594 417 975
Pasture & Range 7.274 7.160 6.978 6,989 6,687 6.637 6,286
Forest & Woodland 5.730 5,656 ',499 5.531 5,277 5,350 5,055
Other 787 780 773 754 746 698 689

Other Forest Land - - -- ... ----

Federal Land Producing
Agricultural Products 177. 177 177 177 177 177 177

Subtotal 24.033 23,686 23.108 23,005 22.126 22,006 21,103

Recreation 65 115 116 197 204 254 261
Fish &Wildlife 51 S1 140 51 148 51 172
Other 708 995 1,275 1,583 2,003 2.492 2,876
Water 533 543 751 54 I 909 587 978

Total 25.390 25.390 25,390 25,390 j 25.390 25,390 25,390

tCategory A, current and projected current normal plus continuation of selected programs des.cribed.2Category 14, ( 1) current and projected current normal, plus (2) continuation of s.elected programs, plus; (3) additional resource
development described.

A Missoutri Land~cape Illutstra.ting Nfiny Land Uses: Cropland, Woodland, Grassltnd, And P~ermanenit Water

Which Provide Fish %nd Wildlife Habitat And A Variety Of Recreational Opporttttities 7



jit

Private Rangeland Produces Not Only Livestock But Also Provides Habitat
For Antelope And Other Game Animals

Forested Areas Are Also Used For Summer Camping And Winter Recreation
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Table S-1 - LAND AND WATER AREAS, BY SUBBASINS AND STATES, MISSOURI BASIN

Water Arm
Subbenin anid State OVa 40 Ac. I Under 40 Ac. Subtotal Land Area Total Area

Upper MissouriMontana 552 105 657 51,550 52,207

North Dakota I 1 1 12 366 378
Wyoming 1 0 1 377 378

Subtotal 564 106 670 52,293 52,963
Yellowstone

Montana 110 34 144 22,597 22,741
North Dakota 21 0 21 490 511
Wyoming 142 38 130 21,768 21,948

Subtotal 273 72 345 44,855 45,200
Western Dakota

Montina 1 6 7 2.492 2,499
North Dakota 179 21 200 11,772 11,972
South Dakota 131 91 222 25,517 25,739
Wyoming 15 16 31 7,441 7,472
Nebraska 8 4 12 1,662 1.674

Subtotal 334 138 472 48.884 49,356
Eastern Dakota

Iowa - I 940 .941
Minnesota 3 1 4 954 958
North Dakota 385 58 443 13,686 14,129
South Dakota 274 180 454 20,821 21,275

Subtotal 662 240 902 36.401 37,303
Platte-Niobrara

Colorado 89 14 103 13,292 13,395
South Dakota 1 2 3 918 921
Wyoming 77 22 99 15,921 16,020
Nebraska 299 150 449 32.890 33.339

Subtotal 466 188 654 63,021 63,675

Middle Missouri
Iowa 35 10 45 8,455 8,500
Kansas is 18 33 931 964
Minnesota 3 - 3 135 138
Missouri 20 10 30 2,419 2,449
Nebraska 52 1I 63 3.631 3,694

Subtotal 125 49 174 15,571 15.745
Kansas

Colorbdo 16 7 23 5.703 5,726
Kansas 45 210 255 22.152 22.407
Missouri ... 19 19
Nebraska 34 24 58 10.666 10.724

Subtotal 95 241 336 38,540 38,876
Lower Missouri

Iowa 1 2 3 1,666 1.669
Kansas 5 30 35 2,739 2,774
Misouri 133 95 228 20,719 20,947

Subtotal 139 127 266 25,124 25,390

Missouri Basin 2,658 1,161 3,819 324,689 328.508

Source: Bureau of Census 1960 land and water area, adjusted to basin boundary. Water area over 40 acres includes streams 1/8 mile
in width or more. Water area under 40 acres from Conservation Needs Inventory.
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Table S-2 - LAND AND WATER OWNERSHIP - PRIVATE, STATE, COUNTY, AND FEDERAL BY
ADMINISTRATING AGENCIES. MISSOURI BASIN'

Department Department Department Private Total Land
of of of the County And

Subbain And State Agriculture Defe Interior State2  Wajer
(Thousem. Acres)

Upper Missouri
Montana 5.870 616 6,469 39,038 51,993
North Dakota 53 0 0 325 378
Wyoming .0 0 592 0 592

Subtotal 5,923 616 7,061 39,363 52,963
Yellowstone

Montana 1,969 1,675 19.097 22,741
North Dakota 143 .. 368 511
Wyoming 3,774 9 7,864 10,301 21,948

Subtotal 5,886 9 9,539 29.766 45,200
Western Dakota

Montana 89 0 481 1,929 2.499
North Dakota 839 247 146 10,740 11.972
South Dakota 1,986 607 55G 22,5% 25,739
Wyoming 697 0 489 6,286 7,472
Nebraska 134 0 - - 1,540 1.674

Subtotal 3,745 854 1,666 43,091 49,356
Eastern Dakota

Iowa 10 0 0 941 941
Minnesota 0 0 958 958
North Dakota 0 334 120 13.675 14,129
South Dakota 3 265 53 20,954 21,275

Subtotal 3 599 173 36,528 37,303
Platte-Niobrara

Colorado 2,5 Z4 82 473 10,316 13,395
South Dakota 0 0 17 904 921
Wyoming 979 10 3,368 11,663 16,020
Nebraska 206 36 173 32,924 33.339

Subtotal 3,709 128 4,031 55,807 63.675
Middle Missouri

Iowa 0 3 8,497 8,500
Kansas 0 - 0 964 964
Minnesota 0 0 138 138
Missouri 0 7 2,442 2,449
Nebraska 0 33 5 3,656 3.694

Subtotal 0 33 15- 15,697 15,745
Kansas

Colorado 0 0 9 5,717 5,726
Kansas 0 222 56 22,129 22,407
Nebraska 10 30 38 I 0646 10.724
Missouri 0 0 0 19 19

Subtotal 10 252 103 38,511 38,876
Lower Missouri

Iowa 0 0 1 1,669 1,669
Kansas 0 1 ! 2.763 2,774
Missouri 1L77 129 11 20,630 20,947

Subtotal 177 140 I1 25.062 25.390
Missouri Basin 19,453 2,631 22,599 283,825 328,508

I Data from Federal agencies.
2lncludes Indian lands which actually are privately owned by the Indians, however, title is held in (rust by the Federal Government.
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Table S-3 - FEDERAL LAND OWNERSHIP - U. S. DEPARTMENT OF AGRICULTURE LANDS
ADMINISTERED BY THE FOREST SERVICE AND AGRICULTURAL RESEARCH

SERVICE, MISSOURI BASIN

Forest Service I Agricultural
National National Research

Subasin and State Forest I Grasslands Service Total

(Thousand Acres)
Upper Missouri

Montana 5,870 0 0 5.870
North Dakota 0 53 0 53
Wyoming 0 0 0 0

Subtotal 5.870 53 0 5,923
Yellowstone

Montana 1.913 0 56 1,969
North Dakota 0 143 0 143
Wyoming 3,726 48 0 3,774

Subtotal 5,639 191 56 5,886
Western Dakota

Montana 89 0 0 89
North Dakota 0 837 2 839
South Dakota 1,121 865 1 -,986
Wyoming 172 525 0 697
Nebraska 40 94 0 134

Subtotal 1.422 2.321 2 3,745
Eastern Dakota

Iowa 0 0 0 0
North Dakota 0 0 0 0
Minnesota 0 0 0 0
South Dakota 0 3 0 3

Subtotal 0 3 0 3
Platte-Niobrara

Colorado 2,316 193 15 2,524
South Dak-ta 0 0 0 0
Wyoming 979 0 0 979
Nebraska 206 0 0 206

Subtotal 3.501 193 15 3.709
Middle :,4isouri

Iowa 0 0 0 0
Kansas 0 0 0 0
Minnesota 0 0 0 0
Missouri 0 0 0 0
Nebraska 0 0 0 0

Subtotal 0 0 0 0

Kansas
Colorado 0 0 0 0
Kansas 0 0 0 0
Missouri 0 0 0 0
Nebraska 0 0 It () 10

Subtotal 0 0 10 10

I.owcr Missouri
Iowa 0 0 0 0
Kansas I 0 0 0 0
Missouri 164 13 0 177

Subtotal I 164 13 0 177
Missouri Basin 16,596 2.774 83 19.453

Source: U.S. Forest Service, 1966.
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Table S-4 - FEDERAL LAND OWNERSHIP - U. S. DEPARTMENT OF DEFENSE LANDS ADMINISTERED
BY THE CORPS OF ENGINEERS AND MILITARY, MISSOURI BASIN"

~ ~Water Development Military
Arcos Army, NavySublusin and State Corps of Ennen Air Force Total

(Thlousand Ace)
Upper Missouri

Montana 609 7 616
North Dakota 0 0 0
Wyoming 0 0 0

Subtotal 609 7 616
Yellowstone

Montana 0 0 0
North Dakota 0 0 0
Wyoming 0 9 9

Subtotal 0 9 9
Western Dakota

Montana 0 0 0
North Dakota 247 247
South Dakota 338 269 607
Wyoming 0 0 0
Nebraska 0 0 0

Subtotal 585 269 854
Eastern Dakota

Iowa 0 0 0
Minnesota 0 0 0
North Dakota 334 334
South Dakota 265 265

Subtotal 599 599
Platte-Niobrara

Colorado 5 77 82
South Dakota 0 0 0
Wyoming 0 10 10
Nebraska 0 36 36

Subtotal 5 123 128

Middle Misouri
Iowa
Kansas 0 .

Minnesota 0 ..
Missouri
Nebraska 27 6 33

Subtotal 27 6 33
Kansas

Colorado 0 0 0
Kansas 116 106 222
Missouri 0 0 0
Nebraska 30 - 30

Subtotal 146 106 252
Lower Missouri

Iowa 0 0 0
Kansas I1 0 11
Missouri 27 102 129

Subtotal 38 102 140
Missouri Basin 2.009 622 2,632

Source: )epartmtent of Defense, Army Corps of Engineers, 1966.
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Table S-5 - FEDERAL LAND OWNERSHIP - U. S. DEPARTMENT OF THE INTERIOR,
MISSOURI BASIN

Sublasin Rnad State hIA' DLM O R BSFW J P USD1
(Thousand Acre)

Upper Missouri
Montana 122 5.901 248 117 81 6,469
North Dakota 0 0 0 0 0 0
Wyoming 0 (' 0 - 0 592 592

Subtotal 122 5,901 2_748 117 673 7,061
Yellowstone

Montana -- 1,617 21 -- 37 1.675
North Dakota 0 -. 0 0 -

Wyoming 2 6,133 515 1 1.213 7.864
Subtotal 2 7,750 536 1 1,250 9,539

Western Dakota
Montana 0 481 0 0 0 481
North Dakota 4 S4 13 5 70 146
South Dakota 84 269 45 10 142 550
Wyoming 0 471 16 0 2 489
Nebraska -. 0 0 0 0 0

Subtotal 88 1,275 74 is 214 1,666
Eastern Dakota

Iowa 0 0 0 0 0 0
Minnesota 0 0 0 0 .-

North Dakota 3 5 112 0 120
South Dakota 20 0 I 32 0 53

Subtotal 20 3 6 144 0 173
Platte-Niobrara

Colorado 0 296 11 0 166 473
Wyoming 0 3,287 69 11 1 3,368
South Dakota 17 0 0 0 0 17
Nebraska 0 3 30 137 3 173

Subtotal 17 3,5 86 110 148 170 4.031

Mid&l Missouri
Iowa 0 0 -. 3 0 3
Kansas 0 0 0 0 0 0
Minnesota 0 0 0 0 0 0
Missouri 0 0 0 7 0 7
Niebraska 0 -. 5 0 S

Subtotal -. 0 15 0is
Kansas

Colorado 0 2 7 0 0 9
Kansas 0 56 0 0 56
Missouri 00 0 0 0 0
Nebraska 00 35 3 ____ 38

Subtotal 298 3 t)103
Lower Missouri0

Iowa 00 0 .0 0 0
Kansas 0 0 0 0 0 0
Misiouri 0 0 0 11 0 I

Subtotal 0 0 0 11 0 I

Misouri lta's[: -, 249 I18,517 1.072 I 434 2.307 22.599

1 Lan dq I ited uklder IlA are I'edei at havakd admoin istered by the Buoreau of~ Indian Affair.%, predIonately submarginal lands, but also
include Indian schlool lands and adminiist rative sieand do not include I nd i:1i,.11ed land.
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Table S-6 - MAJOR LAND USE ACREAGES BY OWNERSHIP
MISSOURI BASIN

Subbasin Cropland Pasture Forest & Other Subtotal Other o -te Watr Toar Total

Dry Irr. & Range Woodland Ag. Ag. A. totL oe re Wa
Lan0 Area Water

(Thousand Acres)

Pri. 9,757 953 25,522 1,964 254 38,450 632 39,O6 175 106 281 39,363
Ur Fed. ---. ... 6,685 5,247 --. 11,932 1,279 13,LIl 3e9 --- 3B9 13,60Viviurl Total 9,757 953 32,207 1,211 254 50,382 1,911 52,293 564 l1S 670 52,963

Yellow- Fri. 2,31 996 24,333 1,550 91 29,313 261 29,574 120 72 192 29,766

Store Fed. ... 35 f 9,281 1,523 --- 13,839 1,112 15,261 153 .-- 153 15,434
Total 2,343 1,031 33,611 6,073 91 43,152 1,703 L,855 273 72 315 15,200

western Fri. 9,097 195 31,677 977 209 12,158 771 42,929 24 135 162 43,.1
Daktr Fed ---. ... 3,645 1486 --- 5,131 824 5,955 310 -.- 310 6,265Dakota Total 9,097 198 35,322 2,163 209 47,289 1,595 8,881 331 138 472 19,356

Eatern Fri. 20,e89 119 12,517 211 591 31,360 1,830 36,190 9? 24o 339 36,529
&$ Fed. . .6 33 --- 39 173 212 563 .-- 563 775

Dakota Total 20,889 119 12,553 244 591 31,399 2,003 26,102 662 20 902 37,301

Platte- Pri. 12.850 2,784 35,117 1,936 621 53,338 1,908 55,216 373 185 561 55,807

Niobrara Fed - . ,497 2,952 --- 7,19 326 7,775 93 93 7,868
otal 12,850 2,784 39,644 4,888 621 60,787 2,234 63,021 1(6 188 654 63,675

Mid r. 11,116 103 2,485 631 447 11,782 772 31 15,554 93 19 112 15,696
MIdale Fed --- ... --- 1 --- 1 15 16 32 --- 32 48issour Total 11,116 103 2,185 632 447 14,783 787 /15,570 125 19 171 15,711

Pri. 20,638 1,703 13,619 597 552 37,109 1,118 2'38,257 12 211 253 38,510
Kinsar Fed. ... 1.....9 20 --- 69 213 282 83 - 83 365

Total 20,638 1.703 13,668 617 552 37,178 1,361 2' 38,539 o5 21 336 38,875

Pri. 10,203 5 7,331 5,78 793 24,123 717 21,840 96 127 223 25,063
I0csour- Fed. ... ... 7 170 --- 177 lo 285 13 --- 43 328Total 10,203 5 7,31 5,958 793 21,300 825 25,125 139 127 266 25,391

Missour FRI. T6,893 6,861 152,(64 13,654 3,541 273,633 8,039 281,672 C/? 1,161 2,'53 283,825
Basin FED. --- 35 21,170 11,4132 --- 38,637 4,380 13,017 1,666 . 1,t6 44,683

TOTAL .6,893 6,896 176,834 28,06 3,51 312,270 12,419 121689 2:658 11161 1,819 328,50?

1/ Federal water areas under 4O acres included in land area.
7/ 35,000 irrigable acres, Bureau of Reclanatlon Wind River Project.
3/ Other forested la,,d producing agricultural products lcludes: middle Mtssourl - 118,000 Acres, Kaas - 1,000 Acres.
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Table S-7 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' MISSOURI BASIN

r1ON-IRRIGATED IRRIGATED TOTAL PASTURE FOREST & OTHER TOTAL
SRG CROPLA1ID CROPLANlD CROPLAND & RAINGr WOODLAND AG LAIO AG LAtND

102 16,841,412 2,262,144 19,103,556 5,912,353 304,380 341,065 25,661,354
104 17.797,054 1,063,572 18,860,626 6,450,814 171,887 361,689 25,845,016
106 15,210,257 607,!56 15,817,413 11,925,511 204,209 391,037 28,338,170
108 2,140,139 54,327 2,194,466 7,273,622 102,731 54,056 9,624,875
110 374,779 0 374,779 10,064,889 897,788 24,616 11,362,072
112 4,303,814 39,201 4,343,015 1,426,365 9,367 71,958 5,850,605
114 1,520,279 0 1,520,279 2,686,984 41,657 38,913 4,287,833
120 1,696,542 360,091 2,056,633 366,834 8,212 59,541 2,491,220
122 2,702,649 19,908 2,722,557 876,435 52,212 155,489 3,806,693
124 3,974,912 22,522 3,997,434 2,711,479 283,274 234,698 7,226,885
126 1,252,475 8,616 1,261,091 2,614,423 282,001 88,614 4,246,129
136 1,204,185 149,274 1,353,459 491,820 50,067 25,537 1,920,883
138 1,094,901 94,689 1,189,590 943,543 42,993 19,809 2,195,935
140 574,206 25,853 600,059 559,515 70,559 21,123 1,251,256
142 396,170 0 396,170 966,220 516,614 37,569 1,916,573
144 375,200 28,10k 403,301 145,790 648 10,245 559,984
150 6,803 94,250 101,053 202,594 8,860 2,334 314,841
152 3,997 0 3,997 3,125 0 0 7,122
153 1,010,074 21,489 1,031,563 372,579 267,619 31,454 1,703,21
154 744,194 20,832 765,026 621,38' 45,932 34,009 1,466,348
156 462,394 24,061 486,455 1,785,634 17,416 11,078 2,300,583
158 65,865 1,985 67,850 97,408 119 658 166,035
160 2,123,347 111,092 2,234,439 2,865,229 19,929 33,083 5,152,680
162 565,493 1,981 567,474 309,702 512 940 848,628
164 303,926 8,862 312,788 4,623,301 42,999 5,995 4,985,083
168 1,791,775 692 1,792,267 1,946,714 2,99 12,405 3,754,305
172 147,327 19,153 166,480 55,923 149 2,089 224,641
174 2,207,701 118,229 2,325,930 2,475,576 59,419 59,059 4,919,984
178 153,609 116,118 269,727 133,868 0 3,627 407,222
180 47,829 37,769 85,598 745,449 129,567 23,269 983,883
182 61,955 84,848 146,803 2,258,169 19,101 1,862 2,425,935
184 17,602 0 11,602 18,575 0 0 36,177
188 651,606 6,009 657,615 9,591,955 46,112 161,009 10,456,691
190 2,374,928 394,734 2,769,662 1,606,571 25,817 51,736 4,453,786
192 406,630 49,307 455,937 1,363,182 5,515 12,725 1,837,359
194 185,734 1,030 186,764 2,469,853 72,072 5,636 2,734,325
196 115,165 3,392 118,557 4,484,133 39,381 3,520 4,645,591
211 330,367 86,677 417,044 1,036,209 :2,485 5,851 1,521,589
213 174,764 16,171 190,935 5,475,001 488,881 12,834 6,167,651
217 61,834 0 61,834 72,988 64,593 8,444 207,859
225 88,809 36,450 125,259 2,614,165 119,235 2,949 2,861,608
231 5,193 0 5,193 9,958 0 2,568 17,719
310 1,122,585 40,077 1,162,662 144,147 142,042 54,346 1,503,197
320 1,430,120 20,884 1,451,004 1,330,065 115,230 35,208 2,931,507
330 2,257,295 353,934 2,611,229 692,974 309,077 105,845 3,719,125
340 313,264 65,887 379,151 509,404 52,288 23,369 964,212
350 228,741 6,398 235,139 567,676 106,237 28,853 937,905
360 34,621 29,927 64,548 481,657 32,609 3,74(0 582,554
361 2,184 20,209 22,393 271,975 8,534 2,175 35,077
420 536,392 9,479 545,871 2,430,741 424,345 58,649 3,459,606
421 15,026 0 15,026 4,213 16,519 1,566 37,324
510 773,292 23,533 796,825 454,026 5,358 ')(49 1,266,158
530 64,037 413 64,450 402,359 11,656 5,378 483,843
540 55,339 4,606 59,945 109,706 5,057 1,204 175,912
612 36,232 17,894 54,126 83,518 300 ?,305 140,26Q
614 0 1,52b 1,526 23,197 191 893 25,807
616 7,538 22,631 30,169 14,477 4,245 250 49,141
619 66,671 2,035 68,712 256,49R 284 1,00 326,494
620 65,111 72,174 137,285 197,036 10,328 4,887 349,536
622 260,297 32,376 292,673 6,6S8,270 169,n07 8,434 7,159,264
624 349,222 0 349,222 4,258,111 295 2,540 4,610,168
705 2,984,592 2,000 2,986,592 14,239,483 3,558,683 221,354 21,006,112
710 423,877 0 423,877 6,991,590 ?,009,040 77,042 9,501,54q
720 11,776 0 11,776 911,761 155,293 ?,47A 1,081,304
730 352,082 0 352,082 1,2(1,416 10,284 6,233 1,570,015
740 84,758 0 84,758 3(9,496 4,367 1,087 459,708
750 16,876 1,649 18,525 4,2)?,627 633,494 3,275 4,927,921
760 328 0 328 2,264,200 464.101 1,311 2,729,948
770 5,166 0 5,166 35,351 8,630 (,879 59,026
810 7,541 0 7,,41 803,605 816,627 351,524 1,078,291
999 0 0 0 0 0 112,014 112,014

TOTAL 97,072,864 6,113,017 I03,790,881 15?,66q,4?6 13,652,25? 3,560,777 273.6A9,336

V Unadjusted for projects funded for construction.
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Table S-8 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' UPPER MISSOURI SUBBASIN SUMMARY

VIN-IRAIGATEO IRIGATED IOTAL PASTURE " FOREST OTHER TOTAL
S3 L Awn -irR.AUA.... AKn I 3- fml Afl IMCOMAI -AL _ AGL AG LAND

": .2. -Ai.0O.--- JJ-- _..22 8- f51.Z4.. 614 ,421 67.213._ 3___L698 .%.. J.j3 .. ~
104 492279985 2419366 4,469,351 2,2909691 2,783 47,876 698359703-- : ]~I&- I *A&a 2A- -. .- ._.OS ---. 2sL . . 1 .Z 20.72S 29.L _ M514_. -j.97- _ -- A1609J02-

108 6129677 89930 6219607 196639624 69932 39416 2,297,5?9' 1I ITI.1A G 171.411 4,80q4482 8,897,826 55555

120 149467 69824 219291 719251- 2,418 19342 969300
136. I0*02t -1,M 15,43.-. . A.0696. - 1AE 3L5 _ZkJ3)_

136 3179745 61,195 3789940 630,823 209026 29280 19032,069
160 __140 -1514529- -1__J IJSZSR17__ __125ASZO.. .. tJL8I. L_ ____ 8.j3.1-

142 0 0 0 10,370 0 0 109370
Iar2, _ n - n 1 471 0 o - 0-31

154 116,370 99891 126,261 3159498 39718 39699 4519176
1A56- - 278.397 -.. .. Z20AS. -Z98 &662., .h215sQ. 1 t.I.6 . 6.13 .-- ---._
156 209455 0 209455 219721 0 0 429176
160 . . 4029. , 66*962.,. 537,22 A42*26.. -I31 j"jJ1.L.
162 129164 530 12,694 89045 0 0 20,739

1 A&1--- 2,444 17U sq 7Q9 8, " 23 4m -- 1;. A4 3,412 842,62?

172 371 0 371 554 0 0 925
174 -.. . . . . - -.. . .0 -.. . . . . 0 _ -462.- - - - -A- . . . .. 62

188 1929335 1,659 1q4,1q4 203,626 29119 19607 4019746
,Io- ---1230461--_ 349839. 158,304.. - 163,74.4 -. - .396 -_.-_252__ ._3ZZ&6-96.
192 58926 740 59,566 29,051 270 685 899572
t &A1 ..-LL46M . . ]9 1 0 021 .h 2AIL &L 1 ,46221
196 2,891 0 2,891 511,513 5,062 10 66,476
21--------.. -654- i.129*633.6.... .99.15 .. -.. ..... 3 _.6,a22.5.
225 33581 0 33,581 772,384 100,072 829 906,866
23L-- -.. .. . - -a- .. . . . . n . .. .- - .0t.9 L_ .__ _ .e

311 0 0 0 21826 0 0 29826
.321. -A!&&L -- *11 44A42 40447 1 t& &P (. 1 AA2 d 1.1174 462,086.

340 129656 3,030 16,496 54,242 1,762 0 72,490
.420- .397- - .0.... . . 9. .. 76985k.- . 99.... . 9.. .. 3.
530 '43 19 62 41,231 109141 168 519602
At%-. . ..... 0-4 .25. -- . 50L - L.
622 174,259 3,733 1779992 2,6039531 102,349 3,942 2,887,614
.205. nti iji 1,.3.3fl 147. 712 . 1.3. 0 2. 3. .
710 86,336 0 86,336 2,913,933 589,302 509292 396399863

.328... 3A - 0 .... A06L .. 521),141... .. A .. A0L.. 16 ---- 53.6.1
760 328 0 328 669,094 204,544 19293 875,259
M n_ -"...-24 ..1 . 2 35__ -.... 69.0AM ..-- .Z'A35. . _..-. #5j. i
999 0 0 0 0 0 185 185

TO 9,756,725 9529821 109709,546 25,522,448 1,963,634 254,142 3894490770

I/ Unadjusted for projects funded for construction.
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Table 5-9 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' UPPER MISSOURI SUBBASIN, MONTANA PORTION

108IGATE0 IRRIGATED TOTAL PASTU@t FOqEST 01HR TOTAL
BL. mflflmlA-; enDkhflL -RL 0UN. F_ _ i fln AG LAND AG LAND

.IOZ- .- 648014 -..-. 2029110 . . 8O24.... 672,206 .-. 67s233 .-- 3Q,698 -,6ZOi6l.
104 4,213,39? 241,366 4,454,763 2,280,720 27,783 47,876 6,811.144
106 . .- *16449 2 6.. . --200,609 - 1. I 845,335- -.. .Z,5 ,725, .. .. 2699 .45 _- - _ 35i31 7 -,0.9Q-,27
108 612,677 ,930 621,607 1,663,624 69932 3,416 2,297,57
Ila 17l.41A a 171o41N 4o801,487 "& 829 7.626 S.Mssss

120 14,467 6,824 21,291 71,257 2,418 1,342 96,308
-136 . -1 02020- . . " 0 19 - 1519439 -. 110,696 .. -. . .. L4 - -.. . 15-6 ------ -2 0
138 317,745 61,195 378,940 630,823 20,026 2,280 1,032,069
140 151.529 .....-- 19288- 152,AL?- 125,528-.... -.....3..65 ....- ,3.l. _283,1A6!
142 0 0 0 10,370 0 0 10,370
42. fl- 0 __.---. aL . 710 0 371
154 116,370 99891 128,261 315,490 31718 3,699 451,176
,136- -2789397.- 20.265. 298s66Z. - . 1921503. ... 159hiL -- -691J5.9-- 05545
156 20,455 0 20,455 21,721 0 0 42,176

.160 470,259 66,962 537@ZZL 442,267 2 22Q .. . A031 ,.Gj - -9!a9A
162 12,164 530 12,694 d,045 0 0 20,739
l1.,L. 121! agi- .&& 1 .q 709.740 12.4 0 'A.4|2 849.697

le 192335 19859 194,194 203,626 2,119 1#607 401,746
g190 123,465. . 34,839 158,304. 163,744 . . ..... ...3.-- - 25? . ....... .Z 6

192 58,826 740 59,566 29,051 270 685 9572
-.. 94. 11,684..- . 19. - 11,703. .221,296.. .... 129615 ...... 60-- .-- 246,221
196 2,891 0 2,891 58,513 5,062 10 66,476

225 33,581 0 33,5R1 772,384 100,072 029 906,866
-23- - 0 --- - ----- G--- - - -- 294.2-6
310 0 0 0 2,826 0. 0 2,826

-320 -..... - 41,248...- ....3,181 .-. A4w4Z ... - _04,4 7L ... . .L ,362.. ..... -L-?. -. . 6,Q86
340 12,656 3,830 16,486 54,042 1,762 0 72,490
2n La - -- a- .39 . .-.7L53._ 2.192 199 1294601

530 43 19 62 39,845 10,141 168 50,216
619 - -. 425 .. ..- --. M -. 25-......-- .1507- --- 0..... . .. 0 ... ...,.3Z
622 174,259 3,733 177,99? 2,603,531 102,349 3,942 2,887,814
705-. 1 9...0... . --- - --- A...... 32 4,oA . 31-350--_ .0 .. , 3
710 86,336 0 86,336 2,913,933 589,302 50,292 3,639,863
-22J ) 0 3111 R&2n.R I 14,049 L6t6S
760 328 0 328 669,094 204,544 1,293 875,259

TOTAU - 9,.73.,6291 .-... 9g2,7-OL.... .95,O,&909336. ... 25*485052 ... .. .1963 3A6= d 2.,3_,52 ... 1Jd9,19-9.

Table S-10 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' UPPER MISSOURI SUBBASIN, NORTH DAKOTA PORTION

NON-IRRIGATE IRRIGATE[V TOTAL PASTU- FOREST OTHER TOTAL
K.C ___U1 n _ _.ROp1ANn ... wfPlD.... nrL . . OLAND AG LAND AG..LA .

102 996 114 1,110 - 2t - - - 0 . _ .
104 14,588 0 14,50 9,qlV 0 0 24559

172 311 0 371 554 -O- _.-. .... - 5.
174 0 0 0 462 0 0 462

705 3,141 . 0 3t141 22,808 0 0 25,949
999 1 .0- .4- 0 - -0........ .

TOTAlS 19,096 -..114 199210M 37,096--------0..1 5.. .~.i

Unadjusted for projects funded for construction.
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Table S-1I - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOl L RESOURCE GROUPS,
CURRENT NORMAL ACRES,' YELLOWSTONE SUBBASIN SUMMARY'

m IRRIGATED IRRIGATED TOTAL PASTURE FOREST OTHER TOTALJkr. LOW'a~ Aosm raneaimn -QUAW. -nmiOAG-L&BR_ AG LAND

102- .. .. 417*31 - -1219.45-4- -6Ha1#9 614,$10 14,961 __Lt2_,

104 3669527 1656025 531,552 4159856 263 4.3SO 952,029
Zn&-- -- 4424563- 201173- -8A43,736 -Zso13U%.. IUam3.. J9d4sl. -21.9306
103 1349716 289521 1639297 29251293 149292 3,377 2,432,759

l. A-a.71 0 . ... 92tI711 2A9---Zx1 3 i*12nL83
112 49034 4,149 S,98l 10,157 0 0 199140

.120. 3 O.- -- - 3*. -112*MS 2 Zj079 NOT~u3 L.~
122 69293 79529 13922 49947 0 426 199195
124 289497---. 1&,251..1 429748- I51,35 . .. 166J 6- ...-.. .... .-- 195 9v.
126 9,102 69339 159441 594,231 319493 1,206 642,376

130 140,935 309173 1719103 559663 0 29444 229,215
140 559384 15,664 719048 1879122- 3 ......- .25 51
142 5,337 0 59337 919439 0 0 96,776
144 8,447 21,935 309382_ 1946 - -,j.At- . _ )30. 32923 9
ISO 0 69132 6,132 99684 11 0 159934

213.. .. *. 806......... -3_ ...... 329.05& ... A....... 31L .9... 11,Y
156 409970 3,796 449766 350,565 36 1,377 3969794
158 1,289 343 19632 79619 0 .- 0 --.92"
160 46,834 169816 63,650 2569699 2,497 1,547 324,393
162 10,759 1,451 129210 219135 - - .0. 339345,
164 329184 59979 389163 658,433 270 773 697,639
168 . -341L.- 0. . -3 AB1 - .... 2*03.3 . -. Q -..... . _ .. 5 l
172 0 10,772 10,772 0 0 1,539 12,311
174 19096 10,949 12,045 - 4,714 15 .. 193.... 179.106.
10 11,005 7,013 18,018 99069 0 0 279107
132 .259371 329995 58,366 1,128,266 149030 .1,.34.. 1,29QQA
133 39649 29355 11,004 219616 19533 342 34,495
1.90 ... 20lhI9... ... 13,136 _ 33.955--. - A,0 906... 9 ... - JL.-. .U*,,P.L
192 249398 2,344 26,742 1579551 235 1,032 135,610
194. _-90329 98 99427. Z46v441 ,23907Z .... _._. 331 Z791271
196 39230 406 39636 147,903 31,440 291 183,270
211- -120261 5,524 17,785 1519649 . .249 833 .. 00 . 1.IL7)
213 0 6,585 6,585 199479165 1399326 19050 29094,126
225-.. - --- I.-.. ... A.5. - - kLA.256.- . - 1..4I 4 ..LSP 52..
231 0 0 0 482 0 479 961
320 - 329 ...... 490- -819.-.. .529964 ..... 11,AI ...... 1968 S . .6
340 149106 619 14,725 8,310 19059 43 249137
-420. . 0 . -ZL4 .... 241. ---. 729653.. 2620 . . 034 .. - -9

9
11Z

530 0 0 0 39036 0 0 39036
.&L-. .- 1*32 - . 1 ,2& - -0. 191. ___ 31L-- -J-LOf
616 0 21,287 21,287 1,151 49199 246 26,83
619- 0- . ..0. -. 20..4.. -, --L _ 0. - 0 . 9,A6d
620 0 25,482 259482 319002 59819 1,827 64,130
A22 OI.nil 7o UA00 2.776.924 &7.S A.Al 1 1 2,934,163
705 1,675 0 1,675 969240 20,4S6 0 118,371

-O . .. 101 600 - --.-- 101,60L-.. Z,184,398- .. 350s.63-1 - -. ... -T .. .6374_k3
720 37 0 37 229,795 19833 321 231,986
.730 -- -- ------ .... 0 ...... ..- - ... 17376 . 0.. . . ...-- 3376.
750 265 1,396 19661 1,2209292 37,307 0 19259,260
7AQn - -Q .-.- A .0 .L2,6S54 180.461 to 1,501 133
770 0 0 0 18,727 0 a 189727
3.10----- 0- -. 0-0............. - I70,754...... 192,416 .. . 164,3i.4 . . 39,5 Z
999 0 0 0 0 0 739 739

10A 29343,200 1,030,534 3,373,734 24,333,220 1,549,555 91193 29,348,402

f Unadjusted for projects funded for construction.
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Table S-12 -MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
'CURRENT NORMAL ACRES,' YELLOWSTONE SUBBASIN, MONTANA PORTION

- IRRIGATED IRI(;ATED TOTAL PASTURE FOREST | OTHER TO AL. _ ik;Lm_ rinvlIA,1 ___ - L-ipium --- , SAME &G OM

102 .... .3 310 . .... 133309 -. 487o,6 _ .. .... 4-9.o16....... .z.o0, .......... 0 -,.1 ....... --

104 319,560 106,180 #23,940 396,665 25 3 313 S249143
.14k. _590#304- -.... 135,005, ZS,309 A s9Z,826.- _1s031 __ ..LO:.Qs- .. Zsz" 6q9
10* 133,S93 9,524 143,17 19409,093 6,918 2,827 1,561,955

JJL -. .42,19 __ .0_... -- .i.32.L. 2,6j1S.21. .- 3fai.... 2 12 , ... 521h.I
120 * 940 919 1,919 2094 104 0 4,917

+ a .-- -6- _ LAI06i_ .. .. 15 00L-- _ 30*1L3_ .. 751 8. .. L2 }*.J

136 140,935 10,5S9 151,494 54,841 0 2,043 208,368

142 5,337 0 5,317 91j439 0 a 96,776

154 . 21,895 10i163 3',058 1400511 3,13 495 176,790
.156.. 40,970_ 3,296 . 44#766... 350,565 .. . .. . .AaIJL.- .. ... 3!60Y.12
IS 1,209 343 1,63; 71619 0 0 9,251

.160; .-.. 46,834 .. 15,197 62,631 . 242,58.. 1D 8... 130 9.37-1kl
162 5,396 1,651 6,847 149666 0 0 21,513

'182 "34 0 394 1,711 0 0 1,772
l. 8 . A,649.-.. 2,355. A119004 21,616 . .1031-.... 342 -3.A2$5

190 206189 9,7C6 30,525 87,906 2,169 11 120,611
192..... 24*398 .... . 205Z 26,450 51,408 .......... 9...... ...... . 9.4.
194 1-327' 98 1,475 .177,313 20V641 331 199,710

211 12,261 5,1#5 17746 14997q4 24,839 450 192,829

231 0 b 0 .482 0 479 961
320 . -. 329 9.0 . 19-. 52,964 .... 11,888 .. 0.0 ... 685... - 3561
340 149106 550 14,656 3,9#19 0 43 18,618.&0.... ___,.PL_ .... Z0-..ot.. .... .03.._ ._ ._R._ ALI2A...-_.........534kL

530 0 0 0 3,036 0 0 3,036
612 ".G . a - .0-. .. 8954L .. . . . -.. . .. . Q .. . .. f il

622 63,0)3 2C,685 R3,69 2,243,9651' 54,14? 2,238 2,373,929

710 101,600 0 101,600 2,184,398 350,639 799 2,637,436

760 0' 0 0 1,0551891 152,898 18 1,208,801

TOTAS.. -2,062,267..-.-. $'j,525.- 2,563,792 .. 15,279634 . .1024,10k ... .... 69009 .18,937,239

Table S.13 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' YELLOWSTONE SUBBASIN, NORTH DAKOTA PORTION

NON-IRRIGATEO IRRIGATED TOTAL PASTUR FOREST OTHLR TOTAL
-u&-... ian,. ANO gp A-DPLi .__ _=PANI___ RANGE....... _kGflLANPA....... ..A.L&N........Q..AW.

102 -48,090 . -- 2,238 . 50,328 Z _ 21,955 . .... ,.20e ... 0 ..

104 46,967 0 46,967 179932 0 0 64,899
106. -_369. .. 0 369 18. .. _0 . 5............ ... 5.
108 0 0 0 4,436 0 0 4,436

160 0 0 0 13,860 1,479 0 15,339
162 5,363 0... . . ...__ 5,363 6 469 _..... __Q.... . .. 0 . . 83?.
164 188 0 188 0 0 0 188
168 3,881 . 0. 3,881 29033 - _0 _ 0 5, 1
174 1,06 10 19106 739 0 0 1,845

619 0 0 0 )24 0 0 924
705 1,476 0 1,476 15,111 ._ 0 0 161647
730 0 0 0 17,376 0 0 17,376
750 0 0 0 40,053 0 0 409653
999 0 0 0 0 0 7391 739

TOTA' 112,264 2,248 114512 154,i4I 'Sip 73 216,785

./Unadjusted for projects funded for construction.
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Table S-14 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' YELLOWSTONE SUBBASIN, WYOMING PORTION.

tNOIRRIGATEO IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL
LfOLAm nm - C".AUD. Conti Ahli RANGF 1fANti _ALLAND L AG LAND

UZ . .14#93. 5 - S5.307 __ - .20-.M42 63.439 _.l2L. IsAL4.... .J4zf3.
104 0 60,645 609645 1,059 238 1,045 62,987
1o.06 4..s,1191- 1 UlS5L... ioza. .014 3fi -.SI0L&*4
t06 1,113 18997 20,180 837,764 7,374 1,050 066,368

112 0 4,149 4,149 0 0 90 4,149
120 .2010._ .._ - .- 135 ... .,.S. .. .. ,3 ..... 1 .
122 6,293 7,529 13,672 49947 0 426 19.195
124 .21,417_ - l r *5 - + Z.I A L.._.. ll3

5 3 __ I.I_ _ .- -".I 19...,.68.
126 90102 6,339 15,441 594,231 31,498 1,206 642376
LIE1 - n .. L I -1SAl.& & J I22... 0 4.11 . 0..lmIl
140 273 2,461 2,734 5,848 0 0 8,582
144 ... -- - .821.iI5...... 03.82_.,. .... ]i.L...6_ 0..3 -- _.. 330 2j2?%
&so 0 6,132 69132 9,212 116 0 15,462
1&0 0- .10019 I. - 2 0 ....... A.6L.M 1L 0 .Jl.
172 0 0,'772 10,772 0 0 1,539 12,311
Lu-, n t .014 z n.014 3.97S ,-. l 4 193 I,6

lIO 11,OOS 7,013 18,018 9,089 0 0 27,107
12... 24,977-- .321995-- 57,972. + 1,126,888 _149030- ...... 34-... ,2
I9o 0 3,430 3,430 0 0 0 39430
1.2 . - .0- .292 .. 292-. _106, L43- -- 235-. ....... ...6 .... O0 7. 6 .6.
194 8,002 0 8,002 69,126 2,431 0 79,561
is A 39a "0. - .3 ., fl L h. l8

213 0 6,585 6,085 1,944,208 139,326 1,050 2,091,169
223 . 0 _ 4.Z94.. - 4,294. __ S,68- . .. . 7.2,5.._.. 0 -L.897,2T
340 0 69 6) 4,191 1,OSq 0 5,519
420-. .- --- 3a- . .3&-.. . 23,873. .-.. 22,0.... .3.. - 46Z
614 0 1,526 1,526 0 191 381 2,098
JI I n) 12-117 51-2.117' 1 .1-i 41 6 199 246& 26,893

620 0 25,482 ZS,82 31,002 5,819' 1,827 64130
622 -- 0 -..4352- . A.352.-- . 341,07 ... -13016 .... ,3.3 -6023A.
7s0 265 19396 19661 1,179,639 37,307 0 1,218,607
2A6.a_ ___ ..... 10 2&4. 6,'. 217.5.. _ ..1&-29232b.
770 0 0 0 18,727 0 0 18,727

• |(I(I I[n I S. R92 1,211 4A g 347,427

83.0...... 16 - 2194 - 5g2 191 -3
TOTAtll - :o r A36 ...... .66....11- .. A49& P9. .+. S+Ih46A.. __. ........21AAS... J~0d32j+3II

I./ Unadjusted for projects funded for construction.
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Table S-15 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES.' WESTERN DAKOTA SUBBASIN. SUMMARY

110-|00GA1E0 IRRIGATED TOTAL PASTURE FOVEST OTHER TOTAL

JLOL . 4..AA.62t .- W M -.Z.131 * __7 61. .. 1 .045 2 -SI . 29.4S2h10,.87_ Z,3_Ztfl2

104 19497.909 10930 1,50889 756460 6,211 60400 29276,508-
IS& aM-W __.21963Z- --1*00q.04.. 2.IIS.714 -12.712 -ISAU L.-.t|. q-q

100 14 5327 49570 150,397 631o285 8,786 1,253 791,121

I12 271.131 o- 277,131 4009269 238 1,379 679,067

120 11037 2,6*1 - 13698 113*605 0 81 127,34

124 M* 642 8,271 69,913 503,704 1,109 1.981 576,707

J2&- 7,2& zan ---- 2,222 AA.aM3 - 92 2 7L
136 S5.340 6,072 61,912 61.009 62 797 143,800

A.-. -......... 0------- 85,731- ... .1692 .5. -_1...... - I3004

142 0,204 0 8,204 229,129 16,099 1,193 254.625

.14". - 1010 .. . . - 1#1107- ..... 45.116 ......... ..0 46,22%
ISO 0 0 0 31,427 0 93 31.520

154 79363 0 7,363 147,710 G 0 155,133

Xw . 02 . .1*300.. 1038Z ..... . . 0. ...... .... 0 1, - - -9382

160 1,367,479 20,827 1,388,30E 1,947,567 3,1173 1797 30,57543

. . .. 462194...-- - --- 482,194.. 241,251 - . .. §73 724@199

164 136961 439 139,400 34163759 21,763 1664 3,226,586
.L"-- iln-n

L
&

-  fil 8Al 7 t.1 IOa.fl&& S27 3,947 2o094,711

172 11,447 1,131 12,578 6,764 e 0 19,342

.1.74 - --- 2099,570 - .19072-- ..... 928.6 .... - . Od0 B60 ..-... 4LSIL_ .b.L6i_.--2,9 t 6,
17 0 0 0 5,812 0 0 5,812

.410..- .90132 . - -3,988 13120 .-.... 89*658 ..... 125*595 4-.....19,133..... 7.706

182 19,055 6,202 27,257 239,256 4,950 0 171,465

188 23,019 231 23,250 81,686 11,058 298 122,292

0----- .- 30643-. .2,28 25.931... 32,069- .. .. . 0 .... . 0--l 4 -59,174

192 13,277 t,395 14,672 124v164 78 690 139604

.194 - ----.- 51 - -......... -77- ..... 52164 -- 1.L226573 ......27*637 ....... - )3 ...... ,lJ0.v,150

146 46 0 46 136,132 0 1,064 137,242

71L. t. ----- 12.&M Al.>n 0n gag 94.30

213 1,491 3,328 4,819 1,055,121 85,257 1,040 1,146,237
.225 - ..- -- .- 0-.. -- G -.. .. . .. - -.. -. --147*985- M OD... - --1 -0- ... 1, 8

310 3721 0 3,721 739 0 0 4,460

320-. . .- 88-.T.-. ...-. 0.- 30,878.9.. 1866264 . ..1.... 171-....... .. 62 ._ 232,716

330 6,874 0 6,374 8095 2,245 279 17,493

340. --- A33 ... 717 .1 .17t150 .....-. ... 674 -4 135- .... 135 .I1X
30 2,730 0 2,730 1122S 0 0 3,955

360- - ----- 4... .. 0 - - 94- ---------- _-70-- 1,31
420 22,264 0 22,064 508,863 32,806 873 564,806

530 1,853 0 1,853 15,048 1,419 0 18,320
340.. . .- -0- -.... ... 0- - -10,11 - -... . . .. .-0- Q lot

612 6,98 0 8,98S 4,404 0 0 139392

616 1,527 1,344 2,871 3,130. 46 0 6,047

619 1,689 0 1,609 67,930 0 0 69,619

AlL.. . -- . .... f-L-- - --..af4L. 10,.DL. 94 321A4...... JdQL _..&.. .. -

622 6,739 2,071 8,810 887,908 0 316 897,054

624 291,494 0 291,494 3,997,569 - 295. 29540 4,291,898

705 99,889 0 9q,889 49424,306 227,78 11,529 4,7fl.i2,

710 4,016 0 4,016 57,089 0 0 61,105

720 377 0 377 12,134 0 0 12,511
.730 73,403 .. . . .. 0-. . . . 13903- .... . 0 , 1i ... . . ..-. _ . . .. Q . .. .3 1 2

740 375 0 375 5960 0 0 6,335

750 14,656 0 14,656 1,838,250 291,344 1,003 2145,253

760 0 0 0 30,428 2,016 0 32,444

810 0 0 0 164t404 79116 561155 227,975

999 0 0 0 0 0 33,89q 33,819

TOfAL]S 9,097,073 198,359 9,295,432 31,676,824 9767381208643 42,157,63?

I/ Unrijusted for projects funded for construction.
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Table S-16 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,

CURRENT NORMAL ACRES.' WESTERN DAKOTA SUBBASIN, MONTANA PORTION

mmlIR3IGATED IRRIGATEID TOTAL PASTUIF FOREST - OTHIER 1TOM|z

.102 .43,457 . .2.351.. .. . ....11 _5S5Z..... . 0 .
104 63921 6,140 699661 36.514 0 96 106923
106. - 25 8Z t _..._239 . . 25.49L .. 165- 0 .. ___I1l!M._I,6Ao
l06 109419 0 10.419 52.903 0 a 63.322

138 139067 0 73,067 6.120 0 196 19o3t3
_1@043 --I. 45 .0- _--j 4 ...... 4 .Q _9_ _ - 6 91k"

154 10742 77 11'5150 509336 0 0 61.856
156 79363 - - . 0 7.363 ... - j7.770 ... .. . 0. . . . . 155.1)3
Is 82 19300 1932 0 0 0 1.312

.10~ ~~~~ - _ _ _"_z _0 _C_
I" 32.025 0 32.075 86.401 0 0 118.426
lee 5.033 - 231 5.264 13R." 0 19,119
190 6.932 433 7.365 19,726 0 539 27.630
211 0 0 0 12.093 --. 0 12,093
320 0 0 0 17,741 0 0 17.741
16L0 .- 1.SS15__.... A9 .580 . . ... I1.._ .L . . ... J. 1iT3
622 30739 430 4,169 4379796 0 0 4419965
710 49016 0 49016 57,089 0O_ O- - 61,105
720 0 0 0 3,857 0 0 3.8s?
160 0 0 0 -39456 .. 0 ... 3456
610 0 0 0 3,331 0 0 3,331

T'= 305,979 12,419 3189468 1,212,797 41665 195329930

Table S-17 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS.
CURRENT NORMAL ACRES,' WESTERN DAKOTA SUBBASIN, NEBRASKA PORTION

MON-IRRIGATED IRRIGATED TOTAL PASTURtF FORFST OTHtR TOTAL
sxfl. co. i0 AnI - CIDnl AN . rADILA.. RAm_______ ~fll ANfl AG wN AGLA!A

102- ....... 9966 _....... 1.595o_ Lo 61. -.. L 3,L. 720 01ZQ... .t__
104 75,483 49513- 799996 37,P.85 19996 49353 124,230
IIL... .. _.2,68 ..... _ - 3__ _. 9. 0. 3o36 16f 2 7.01
108 47,869 456 48,375 59,063 3,622 299 111.309

ln2.1kfi 0 F2I ,. 197 439 49 ,5S, 768

112 732 0 712 0 0 0 732
-114 ......... 1 23_ . . ... +- _ __ _._14 1 _ . . . tJ __+0 . . . ._ O..9_ - __6.,2_7_

120 19935 0 1,95 99236 0 0 119171

.122----- - .924..---- - - - 9Z4 _ _ - -. ..... . .863A
124 1,178 0 1,178 39,123 0 132 40,433
.L_& 2,7.4q 1' 2.790 72A 196 3,714

160 3,732 2,154 59886 69607 0 241 12,734
162 .. 10.986---------- ..... . 86 . .TAL..... J- _ . - -5q76
164 19657 439 29096 909461 0 196 929753

174 19076- - 0 .10076- . 2,692 ..... . .... . 0- 3166
180 748 0 748 519315 1249331 19,133 195o527
IRIA 1_ ;11 l 1 .1,14 12,922 146 14,682

190 16.711 1,048 18,0i9 8,506 0 635 27,200
192 7,408 .264.- 79672 139487 0 ... 69 .. .. J
194 5,796 477 69271 17,476 565 402 24,716
.196 . 0 0. , - 0.. 56,518 .0 . _. * 5.6
213 875 0 875 223,193 41,150 439 2659657
•1f 1, 3721 n .471 - n 0 __ 3,72+I,

330 6,874 0 6,874 8,095 29245 279 179493
.v4. _ -+.,577 . _ 137 _.. . t4 ....... ___242.. ... . 135,. . 19 ..... ..
350 2,730 0 2,730 1,225 0 0 3,955

a" --- .. . 94-- ..... . _A . -q. . . . 511L ..- _ ---------- a_ .... 3-11

420 0 0 0 15,306 176 517 15,999il n 2aik n 2Q1 _241 a 0 S38

622 3,000 870 398"0 51772 0 176 55981

.llALO .. 6. . 0..... .4.... 3044.. 2:.49-. 1Ai..... .. o 1,_3Aa0 .... A _+69.106
T O T A L 6 1 2 " 4 4 1 0 .- - 1.+ -+ .2 , S - - 93 + . - -2 1 s 4 2 % +_ 1 7 .A . . . . .3 _, 7 4 - + _ 1 * A 6 * I '1 6

3. Unadjusted for projects funded for construction.
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Table S-18 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BYSOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES.. I WESTERN DAKOTA SUBBASIN, NORTH DAKOTA PORTION

1331a06TE0 IRRIGAIED TOTAL P=STUae FOREST OTHER TOTAL

104 1.357,257 0 19357,257 661,41 4,215 29539- 29045,652
.106..-.-_ ..X.1L..... - - 0 _ .. 5*012 - ,.Z.21. .. .. ' ~ 0P
100 5,152 0 ,752 154,221 3,349 4689 163,811

120 2,457 0 2,4i? 2,606 0 0 5,063
'.Lm. _ 3*543- .. .. _J_ 43*51 .. -,1393.72- _ _ 0--1 ..... 579,4.

138 126,64 0 12,664 109772 165 0 23,621
160 146#141._ 2o531_ 148,67Z - 359022 ... ... Z.1 .... ...65... 164,0590
162 471,206 0 471,200 196,510 281 424 666,423

168 39,427 0 399,427 432,230 93 1,668 833,416
172 119447 0 11,447 69764 0------ ------- 189211
174 669,052 6,811 695,863 453,970 14,550 4,245 1,1689626
184 10,542 0 10,542 17,008 0- i0 27,950
18M 169372 0 16,372 609909 11,05A 152 88,491
its& 46. .. 0. 0 ~..A . .,I1L- . .JQ6A-. _ ..

211 12,055 0 129055 69,167 0 988 62,210
213 371 0 371 16,627 0 Q 16,998
310 0 0 0 73 9 0 0 739
420 591 0 591 186 -. .355 . . . 0 .1,134
510 3,044 0 3,044 5,215 1,481 0 9,740
3530 . . _1.4

53... .. . 0 ...... 1,.J53 ..... ... .... _ _y_ ..... .. 12.9
540 0 0 0 101 0 0 101
612 8,966 0 6,96_ 4,404 ... 0 . 0 13,.392
616 1,527 0 1,577 3,130 46 0 4,703
619 1,669 0 1,689. 67,930. . .. _ . . .0. .669961%
624 58,916 0 58*916, 4519770 0 93 510,779

720 377 0 377 8,277 0 0 6,654
,730 -73403 . 0 73,403 407,316 . .-38 lt ..- _ 6112.9.1
740 375 0 375 5,960 0 0 69335
750 .. 6OU.- 0 1.4,011. 1,3240565 .8 . .82 _ 9......... ...- .1,3680 Z
810 0 0 0 24,268 1,848 41,257 67,373

TOTA _4171.865. 16,200 4,583,0605 5,845 ...... 95,36.._ . 94v124-- _JO,66Z,.

Table S-19 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' WESTERN DAKOTASUBBASIN, SOUTH DAKOTA PORTION

NON-IRRIGATED IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL
A&3 ni_ r6flpjfln -f02ND _ _t1ANGE __ L AG LAND AG LAND

102- ...... 396,141. .......... _38#877-. -. 35,01 . .- - 58,633 _....... 2,3..... .... ..64.2.36.

106 785,596 6,518 792,116 732,205 5,182 10,537 19540,040

110 47,318 0 47,318 19232,499 1,256 817 1,281,890
112 ?go"%~ i 7.qq 9.4nt__ 98 Sao 275,Z12L

136 99558 69021 15,579 66,909 87 412 82,982
142_ ......... 6#359- _ _.. . . .. _ .6,359 ... .. 22.4952U- _ . ----.. 1690,9 ... . ._L9.3.. . .. Z64 1,I

160 1,2179606 169142 19233,74n 1,8470364 39392 17,141 3,1019645
-164- .... 1040713 ... -----. .1040,13- .... ,e83,CU _ _..210.63- 1. .. _..3.1kI

168 410,637 83 1#109720 847,014 434 2,329 1,261,297
1L7A- 21,442 12-,21 21l.T0 _A51.178 267 4.420 88T*568

194 44,343 0 449343 1,00,29 16,164 546 19061,582
.196 0. .......o... - - 0 .... 60895- ..... .............. _ .0.........60,895
320 30,678 0 30:878 168,023 149712 862 214,975

20 _ .21,673 .. ....-0 .21,613 -479,385 .- 3. 27.5..............-.... 5336.849
510 9,917 0 9,917 7,466 0 0 179383

A2A _ .... 12 5.78 0 -,,2., 7A 3s.LJ%.7 2QS - 2,447 1,781u199

705 5,885 0 5,8g5 3,548,977 2279798 9,891 39792,551
810. - 0.- 0 0 84,306 .. _13l. 22-086. . .. 0.... QO909.Q.

TOTAISI 3,693,871....- 79,902. 3,13,77.3 18,390,751. ..---.. 34691.L.- .. . -4A. .22.0512.3.

Unadjusted for sojects funded for construction.
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Table S-20 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' WESTERN DAKOTA SUBBASIN, WYOMING PORTION

NON-IRRIGATEO IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL
lU= ~ ~ ~ -AELW. RAinG! -ri-'l , £nt~), IIrF lOll~ AG LAND AG LAND-

102 __ , 3- 2U_. .... i8. Zii.ZI6..__ 11.__ -7.LdiS 2h .!1L
104 1.646 271 1,925 420 0 0 2,353

JA6__ . 45 .... LO],O ? ... JJL~f~li _.7,530 _._l.. -Y*OT_..L21-7-,}_3L

10 9,607 4,114 13,721 10,430 0 0 24,151
hA .. JM 2,66 ... Qo 2Z.aU . ,*Z1L__ s .ZL9..

120 6,645 2,661 99306 101,163 0 fi 111,150
.122.. .... . -,0. 6i- -. .. .406__ .. 61i .M .. - Q
124 60,464 6,271 68,73S 464,561 1,109 1,649 536,274
126 .T9226 ..... .2.7.- 9,503- .6020-..... ----9Z .... 0.47
144 1,107 0 19107 45,118 0 0 46,225
.50. .. .0L... . . 0__ 3__.&LL_.. .. _ 93

172 0 1,131 1,131 0 0 0 1,131
11 0. 0 0. 5,.12 . 0. -... ..... . 5,.12

1S0 8,364 3,968 12,372 36,343 1,264 0 51,979
112 19,055. 6,202 27,257 .139,9Z5 . 1 9.9-50. - . 1T1065
190 0 S07 507 3,837 0 0 4,344

192 . . .... 5,6A9... . ... ..13L.- .... A .- - s1A7. - L. . .... Jf,.75 ..
1" 1,548 0 1548 206,568 10,90 1s 221,209
213 245 3,328 3,573, 815,301 44,107 60.1, 463,582
225 0 0 0 147,965 11,913 0 159,698
340 0. O 0 2,144 - ..... . ..--0....... .. . 2, 4
420 0 0 0 139984 0 0 13,984
Aklk .. . . ..__ - --L,144 .... . 0- -J . .. . 0O. . .19144

620 0 10,847 10,847 34,446 1,104 0 46,397
622 0 .-. 771 771 - 3,e340 ......... 1.60..- 399$271,
750 64S 0 64S 513,665 262,520 61 7769911
760 0 .-. 0 0- 26.972 2*016 0 02.... 9. 26968
$10 0 0 0 52,499 3,062 0 55,561

TOTA81 226t94S 76,834 305,762 5,264,90? 356,322 6,666 5,33,612

Sns1u6ted for pojects funded for construction.
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Table S-21 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES.' EASTERN DAKOTA SUBBASIN. SUMMARY

NON-IRWIGAED IRRIGATED TOTAL PASTURC FORF*ST OThER TOTAL
SM0.. rampt I~l ..... .. TS7121A woL... .... R.AMCD AG LAhD. AG LAND

~~ .. ~43*292. ..6*01S013 .. J.5 -8-A -. - 8,a.- 1524. 5ftJ
104 3,590,940 0 3,590,940 1,253,282 11,394 29,967 4,093.583
106L.....4*3103..------ -403-7 103-. -2934,1056-. -32*3918 - L1 -1-3 1,AVj419
108 60,874 0 60,074 199,912 2,829 2,540 266,155
L.t 43.9li r - -43.911 21S6004 276 _L,217 260,400

112 204,549 0 204,549 125,856 368 6,827 337,602
.114. --- - Bs.A 23 -. --.- O - 8,!,23..- . . Zs O& -~ --- Q -- - 11,0711 - -k VI
120 124,203 0 124t203 13,844 47 1,237 139,331
.136 - 670067----1-,35S __ 671,422- -A8ls60. .. _--...-- -_,422Z. .811,.1.
136 217700 0 217,700 81,37 1,209 1,364 302,105
±6ft 7. 1* n 7.1.8 1.&&S L . 190 . 9,023
142 55,125 0 55,125 72,457 558 2,171 130,311

.144.- -137144 ...----- 0 137,144.... 5,059 ......... ..----- - -. ,3-
150 A,633 0 30313 3,798 0 0 7,631
152 . . 3,997- - O 3,997 2,54 .----- -. 0. --- -- O -7bil"
160 213,609 2,348 215,957 185,604 11,239 2,109 414,909
L2 4& - n 4n.7An 7 A 5-10 0 66.S12

164 272 0 27? 94,075 0 0 94,347
.368 - 977,035 _ Je09 977o444 658t761. -.. 32..----..- -- 800A -. 6.7 Q0
172 133,049 203 134,052 42vh86 149 0 177,087
3.74. . 7440. l- 4$954.- 759,355- 304.01 ...... 14 34 .... 10,.3. . .-. 9,13
104 7,060 0 7tOfiO 1,167 0 0 8,227

194 3,459 0 3,451 10,256 5,929 0 19t644
.196 - -0 .. . . - Al-- - 41, 284------- -... _ -.1.2137.
211 175,701 0 175,7n1 244,048 0 190 419,939
.2 --- ... 0... 2820 0 - .282-- 3,0 8------- ... .. ... 0...... J,80.
231 1,771 0 1,771 1,981 0 0 3,752
-Uo Inz.a n.AQ& _ ..1Q7 n 0 10.889-

320 572,586 6,919 579,505 337,205 16541 14,170 947t421
330 - -10*367. . -.- 13. O,3eO.... - 4,258....--- 0 .. ... ...... q-1"6
420 295,714 0 295,714 853,548 6,581 9,551 1,165,394

510 513,432 0 513,432 391,139 3,208 2,840 910,619
.S0- 144 n .nT n i.nTA ;27-.35. 96 n 356.107

540 l1,'i41 0 11,341 50,135 0 0 61,476
.62- ....-.. 2 ....2,085 -- -.0 2,085. .. . 343. . _._0 .- - -.. 0-- -------- ,518.
616 5914 0 5,914 9,364 0 0 15,278
"t-, , . .. -.au 9gq -- .... ..0-_... 281*994- ... .1 869-_ -0 - - Av.LOki.

624 54,768 0. 54,768 241,573 0 0 296,341
705 . .. .. . SZ, .. ........ .. .. 1 .... .Z 9 3--. .. ......... . ...~~15.* 8-4- -.43 --.. 2i.b 8.
710 3,870 0 3,870 617 0 142 4,629

2730. 3,170 .... 0 3,178 21t,,26-. . .... . .. Q .-- _0.... ....-2J60.
750 96 0 96 90,060 0 0 90,156
110).. 0 ____...L. --.Q . .. _.,o ..... 0
610 2,645 0 2,645 29,088 1,067 156395 189,195
S99- 0 O .. .0 ... 0. ...- 0--- -0 73*Z71 .. .- 7. L

TOTAW 20,946,837 - 59#530 21,008,367 12,546,980 210*6653 59A2v2 ,- .3,3609309

1 Unadjusted for projects funded for canstructioi.
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Table S-22 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' EASTERN DAKOTA SUBBASIN, IOWA PORT!ON

MT.-ImRIGATED IRIGATEO TOTAL PASTURE FOREST OThFR TOTAL
€ . nml rml A rn~asunsJ~i: : ,MreJ AP. G fMMD AG LAND

ri....aim __~ aabo S-- 7.in L.9 .2426 -- 4i."..

104 263,045 0 263,045 ?00744 836 11,421 294,016
In- 1411,1.l4 --- I5al9l3 I&663 __ 0 ---- 4A7- 1__1 1:9J1
108 19773 0 1,7?3 1,915 2,551 331 69,76

112l 241412A i 20.0 2."-] 2 62S --- UIJlX
114 8.423 0 8,423 2,404 "O 190 11,017il.... .41764L.__ ~L .. -.. 6ld... .... .81.... _ 4A .._ AiZLT (46jt

3 2

136 S9,10 0 5,210 a26 0 0 5,36
- -. 135.- - L - __..Jl,13t#...... _.3 .... ... ___4 8... 4s .

140 59859 0 5,859 1,385 0 190 7,434
1&2- Ia. 0 nI.&9 332 a 144 2.145

144 14,380 0 14,380 7,538 0 238 22,156
.]114- _.105 . .... 0 .... 1,105.+ 524 ,, n 0-Q -- iLo.2i

211 49198 0 49198 2,013 0 0 6,211
231 . 48 0- . .W .-...-- ---- ----- Q- - .1
310 3,274 0 3,274 192 0 0 3,46"

330 8.965 13 8,978 3,503 0 818 13,299
A20.---. -50140- ..... .. 0 .5,140- 22,390--.-...- -.L. f -It_1_1. --- 2ItL
421 0 0 0 1,998 0 0 1,998
703--~ -1.123 -~ 14194 .20P752 .1059 . L... -23.23m1
710 3,015 0 3,015 524 0 94 3,633

810 0 0 0 49488 U 0 4,468

TOTALS i41,944 2. .7 642,161 142,331 4,463 25,819 814,774

Table S.23 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' EASTERN DAKOTA SUBBASIN, MINNESOTA PORTION

NON-IRRIGATMD IRRIGATED TOTAL PASTURF FOPEST OTHER TOTAL
ral Aljfl Cfll __ RANGF flfl JLAG LAND

.102 - ... 44920 ..-- ......... 1Ata92 ...... -0--0--L44020-- ...---L9 s.AL02 .. _ IY
104 3879351 0 387,351 31,517 0 17,015 435,883
.06- --- 2199066 ...... .21... -80

1 7 6 6 - .-... ,,- - A6.. .A3
108 3,330 0 39330 39936 0 284 7,550.,I20 _I -Ag - -- . . .Q.. -. ..-3t... . . . - 0 _ 0 11 139

136 99388 0 9,38 1,183 0 517 11,088
.13 - . 1 42. . ..... . ... 15,742-. . .45I.k9, - - . ... . . ._ - . 8IA . I .
140 1,309 0 1,309 280 0 0 1,589
142 2,05 0. 2,005 04......-.. . -- is,
144 122,764 0 122,764 17,521 190 2,708 163,183

213 282 0 282 3,098 0 0 3,380
2 3 1 1 ,7 2 3 - 0 1 ,7 2 3 1 ,.3 1 3 _ _ 0- -... ..... 0 . 3 ,0 3 6
320 169678 0 16,678 209844 0 233 37,755
330 1,402 0 1,402 755 -0-...........-0 2,- I51
420 4,240 0 4,240 149724 0 1,868 20,832
.510 . -I150. . . .... 0 ...... . .A90. - .____ ...-.... 2 . ... ... T.Jj.3
540 187 0 187 190 0 0 377
705 747 0 747 99763 95 v64,6 11,2.71
710 855 0 855 93 0 48 996

TOTMI 7539863 0 73863 151,890 476 30,374 t 936,603

_ Unadjusted for projects funded for construction.



Table S-24 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' EASTERN DAKOTA SUBBASIN. NORTH DAKOTA PORTION

NON-IRRIGATED IRRIGATED TOTAL PASTUWE FOREST OTHER TOTAL
flLC mL~M~fl U&fLAPIA rRnPlk JANGCU - flDLAU ALLANL ALAND

0Z .. .DlU . .....41 . - 15.672. .... O.70, .D . 308.A93.... ~.. J...0O0 .. l._OS~..
3  

*.,.Z.,3L...

104 29946 544 0 29948,544 1,2019021 109588 1,531 491619684
Slm- . ..-ATL. ------ ----- -369941.7.- ___3553.9_ ....-.. - .... Z-6Id?.5_
106 19543 0 1,543 57,134 0 0 589677

LLZ_ -1.Als- .17-4A I %.n&rl a 95
120 62,300 0 6ZO300 7,955 0 0 70,255

-L% _ _ - -266@251-- ......--- .... 266,251-.. 4Z,134- *. 0 31J02
139 193,823 0 1939873 79,950 19209 0 2749962
450 -... 3.833 A--98.. 33.- 398.. 0.--...30790
152 3,997 0 39997 29754 0 0 6,751
iLAL- .. I.52 .. L. . 2.63P 10.962 0 88.6 01
162 40,760 0 409760 25,752 0 0 66,512

.168- .. I.232944 0. 0 232994-4 _108#363.. --- 9_ ... .... .
172 133,049 2C3 1149052 42,886 149 0 177,087

.174 - 351#39Z 3,041 354,433 -. .137,08e-..... ..- 2,15 ... A,3._. .3 .... -- v1Q
164 7,060 0 79060 1,167 0 0 8,227

196 0 0 0 41,284 0 19291 42,575
.211... _649158 - -0 164,758 - 240,403 - 0 ...... .. ',.. .j_
310 79422 0 7,422 0 0 0 7,422
310 1299323- - O 129@323. 102,637 Ah,52. 0 ...... 233416
530 339016 0 339076 322,935 96 0 356,107
.gan Ias ... r0 . 1a-IS4 ___4.94r-___ 0 - 0 "1-.9i

612 29085 0 29085 3,443 0 0 59528
.616 . - .59914 0 514.. - 9,364 , ............ 6.
619 26,994 0 289994 158,669 0 0 187,863
h246 . -......29587. -- 0 2,587.... 49,785 ._0.. _ . _32,.3-
705 1209677 0 1209677 1,320,001 39433 0 19444,111
.Za -U _.7 nl .... 17 .ZI_ a4 0 2Z.604

750 96 0 96 90,060 0 0 90,156
,IN...-. ... 16 - - 0- -. 46-- 4.893-. __ ...0_ __....61.6Z6 .... 2 3 h
999 0 0 C 0 0 77,271 77,271

TOTAA 79269t867 309105 7,299,69? 4P269013 85,138 160,897 129371,740

Table S.25 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' EASTERN DAKOTA SUBBASIN, SOUTH DAKOTA PORTION

NON-IRRIGATED IkRIGATED TOTAL PASTURF FOREST OTHER TOTAL
_S3&_ LanpLANn C AM _ ..X.P ARlGP haND RANkr, MO0LANn AG LAND A LA

102.- 4,625,543... ... 17v620 _s643163 -- .1,22,642-,.. -. -- _ . t --. Q.J 6
106 49394,527 0 49394,527 1,973,548 31,525 1119524 6,5119124
10s .4#22 . 0 549228 1369.927 .. -- 2_18- _. - -. - 1.,332
110 43,911 0 439911 215,004 276 1,217 260,4081Z. i&2. 19 __ 0 ._,7 ... .l , . _ 368 6. __ ... . 1LQ. 249

136 369,210 19355 390,573 136,957 3,140 11,905 5429575
142 - 519451.. .0- 51#451 719321 ... .. 538 . . A.. 4 J. ?,,A-
160 139,760 1,196 140,956 182,966 277 2,109 3269308
164 272 - 0 272 949075 0 -.... 0 -

168 744,091 409 744,500 550,398 2,343 69408 19305,649
.114 . ADI04- .....~I3... .A3.i.. 23n_ is o ItiJ .j± L.
194 3459 0 3,459 10,256 59929 0 199644
320 5299734 69715 536,449 2959546 169541 12,X19 46t.1.5,
420 2869334 0 286,334 8169434 6,581 69542 191159891
510 3719959 0 3719959 283,612 1#6P2 2,067 659,720
624 529181 0 529181 1919780 0 0 2439969

ZO . . .309197 ... ... A .. . 3_17 . . . 9A S7... . . .. 4-_ ___ . -_. _ I p.65,
810 29499 0 2,4q9 199707 1,067 87,769 111,042

TOTAI 12,2839443 299208 12,312,6051 7,426,746 120,588 377,207 20,237,192

1/ Unadjusted for projects funded for construction.
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Table S-26 - MAJOR LAND USE OF PRIVATE AGRICUU(URAL LAND BY SOIL RESOURCE GROUPS,

CURRENT NORMAL ACRES,' PLATTE-NIOBRARA SUBBASIN, SUMMARY

N-IRRIGATEO IRRIGATED TOTAL PASTURE FOREST I OTHER TOTAL
srC -remiielt wnBIa ranunitv RlANG MdfhA~fn AG LANDl A LN

104 2,451511 329,687 2,761,205 570,676 7.791 73,907 39438*579
JLlQ .&&&q 4.&_1_7. 1&5*1-089 ---- 31- 52,228 __b"O 68 ,

ISO 373.022 12,306 3869128 1,8779888 289125 129803 293049944
Illa l0.9&4 n 1269-- 9.194 208, 573 219,044

112 1,416#670 29,701 19446,31 2649403 39645 27,637 197429056

120 96,967 55,837 152,604 109686 393 49584 1669467
_122-...... 67,56L.... ,.. Ld31. .. _.. ....6 9L92...._ .. 66._._.. -- __ ._..2.60 _ _ 718
124 569510 0 56,510 889360 47 846 145.763
Jl h& l'fig- nl 1.nfg 46.G O0 6772

136 125,520 62,389 187,909 40,278 1,570 2,914 23Z9671
" __ __ .. .. ._907.9 . ...... .. 233 - :__.12,2Ai2. . .. -... & _ _ ._03A _. .... . j_ST _

140 6,066 89901 14,969 1,315 0 270 16,554
.142 .... . 1_01 __.. O_ -1.. 9016 - -.... ..15_9952 _ _. _ _ _ ....Q6_ __

144 16,409 6,166 22,575 18151 0 211 409937
l ~ 1-07 li.yqT2 RA.t 1.8 1148 8 2 241259,756

153 0 19,190 19,190 2,343 0 154 21,687
_60 _ ... . ..25 024 - .*139 . .. -2 9163 -. . 32 3 9- _ _.. ...0 _ --..5 .9 - .

162 49941 0 4,941 49426 4e 98 9,513

166 795 0 795 5,876 0 0 69671
IT IRV.AAn 7-AL7 -A..W 5.71 t qS 14,976_-

174 410,559 779118 4879677 966,931 28,161 .350173 1,5179942

47S .... 45*934 .. 104_960 ..... 1504J94_ .... .-....3696- ... . .. 0.. .. .J0L.... 211a210.
10 24,443 26,768 51,211 6019278 3,783 3,470 6599742

.182. -....... .J S29 - -- .A3 1SL- _ ,4at .. .990*645. - 12L ~ IL_-. - -.. J.0QSZ,*6it
166 2359137 1,527 236,664- 89704,553 22,132 89,848 9,0539197
io 1.A7& LAO 2QA9.Q I .1h.6h&Q .OO.lnn 1S.400 38160 2,871,2Z
192 227,654 43,991 271,645 1,007,653 4,584 8,551 1,2929433
L24-. 050M...... .A30_- .95507 .._. 729,22L _ . A9. .. .. , Z0110- .. .,633_
196 97,432 1,144 989576 39321,371 29879 237 3,423,063

213 142,556 6,258 146.814 2,3189812 2259354 8,048 2,701,028
23 rr. 22 _ 2.1- %A .97 .. 2.Q.1.R . 1.98 .4.,710

310' 99,562 21,966 121,528 189660 0 1,189 141,377

330 477,137 2389201 715,338 306,295 ),3,159 239428 1,0589220
.... 1277 10. 2n.u - 176,.467 ..__..O154 ___1.559 16d3__... tO.0&67Z..

350 34,015 5,198 399213 470,371 229499 5.876 5379959

361 29184 20,209 229393 2679247 7,895 2,175 2999710

510 54,040 19338 55,378 5,870 137 19036 62,421

]0.__ 1,20 ..... 01523 5,791 0 2.270 .

540 11532 4,116 15,648 419094 1,225 46 589013

.612 .... -.. 22,209..... .11.k3..._ . .68SZ. ._... _...6YjA7L .-. 3........ ,.1. -..

614 0 0 0 239197 0 512 23,709
616 O _ .. .. .. . .0 _ _o _ ____.. b32.- __6, . .. 32.

619 339266 2,035 35,301 189477 277 872 54,927
.,lb.2.0 .... .493 -.- .9r4 80.18at 12S.931 3,356 2 .T.(L7_L4L

622 15,267 1,535 16,822 399,526 0 525 416,873

6Z4 2,960... -.0 2 9 960 1 .969 ..........-- -.-.- --- 2.. 
1 L

9 2 9 .

705 167,662 2,000 169,667 )91539447 120,950 6,741 194509800

710 1249656 - 0 1249656 91993-8 2zA4t69L... . - 473. _ 1#2939.171..

720 0 0 0 123,726 139,212 747 263,685

730 - .. 102,059~~ . .... c... .-. ..4fl2s.QSi_ __A3"~~L__~. - - -a_... .......2aZL90-. .... M13
740 279775 0 27,775 166,709 0 247 214,.31

750 19859 253 2,112 191249025 304,843 . .2v27 .1433,252

760 0 0 0 2449032 779080 0 321,112

770 0.- 0 0 - 2,838 .. 0 0.---- -...... 0 ...... .. 3.

810 646 0 646 22q,421 4989601 79,365 808,033

TO,'_ 12,915,108 2,719,847 15v6349955 359147,252 1,9369139 6209473 53,33*819

1/ Unadjusted for piojects funded for construction.

k
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Table S-27 - MAJOR LAND-USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' PLATTE-NIOBRARA SUBBASIN, COLORADO PORTION

NON-IRRIGATED IRRIGATED TOTAL PASTU9V FOREST OTHrR TOTAL
.I. £IntANn.. £1 AD._LZL.. RRPLatANGE WCf IiO1NL , LALND AG LAND

102.... --999#036.. . .256,383-- . As.Z55.419.__9 . 84,16l .. 3,S5---------JZgMO . ,7_,915
104 147,243 55,231 202,474 148,945 715 2,877 355,011

.1O....3,80-- -139385- - A6*965.-. - jA. R. - -- 18 2,3_ . 10024
108 16,790 10,378 29,168 159 0 1,019 30,346

11...2.6.A 63,79 96..S*493.... 0-2 _ 6L_ 160,610
136 21,600 29,348 50,948 3,627 0 1,369 55,944
.138.-. 9029 . _.2,384-.. 11,13. 647- ........ _ .- - 8- - 12,938
140 6,068 8,901 14,969 1,315 0 270 16,554

.150 - 0 - 6933_... 76,933.--- 48173.-..-.... -....-.... 19055 - 126,255
153 0 19,q0 19,190 2,343 0 154 21,687
lAn 72.1% 7 .jS.11n 15.11 0 599 ____4 L .A_4
178 45,934 104,960 150,894 34,696 0 2,660 188,250
180 _ 3,685- _8 ,74- 120459- 1 ,-21- _ . .. _0 121 14,001
182 17,529 9,971 27,500 1,446 121 51 29,118
190 - 664,769 J67,681 832,450 4 463,92 684 -......- 6,0_99 1t303,525
192 24,993 6,901 31,894 15,191 0 375 47,460

- A 7A% _ 1.1&4 2.222 -a .117 0 237 1 74_L
211 0 47,461 47,461 669 0 0 48,130
225 - 54s656 32,156 86812- 6,584 0__ 1,968 95,36
350 1,492 2,719 4,231 19,148 14,088 363 37,830
360 0 26,332 26,332 28,613 -5,116 - 9-1 _60 155
361 0 20,209 20,209 28,306 0 121 48t636
&Ll R,7

N 4  
gig 9, 4 .... Sf46 17.g84 0  4HI 85,39.9-

510 9,569 0 9,569 1,171 0 379 11,119
,612. 0 . .2,882 2,882- - 30,92Z . _ _...0- .....-318 312Z

622 596 0 596 11,219 0 479 12,354
705 - 165,608 - . 2.000 167,608--- --- 817,83- 117376.. -5:612 -1,108,430

710 124,656 0 124,656 919,348 7449694 4,473 1,293,171
2 4 -. n n n- 121 D. f- AA I . R 2 .. ..... 5 53
730 102,059 0 102,059 436,780 0 2,4?4 541,063
.740 - Z70775- . 0 27,775. 186,709 - .0 2 247 214,731
750 1,109 0 1,109 97,762 760,057 2,272 361,200
3.70-...... .... .0 .. .- - - .---- . - --- _ _A78- --- -------- 0-.... . .. .- - 78
810 0 0 0 81,975 ?78tA5? 69,810 430,237

TOTA- 2,663,212 915,966 3,579,178 4,901,105 1,081,42t 123,4661 9,685,377

/ Unadjusted for projects funded for construction.
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Table S-28 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' PLATTE-NIOBRARA SUBBASIN, NEBRASKA PORTION

MON-IRRIGATEO IRRIGATEO TOTAL PASTURE FOREST OTHER TOTAL
m* ~ ~ 12- eK£ilgiM 1t31linnPl AND RANGE DO~fOLAND AG LAND AG LAND

102 - 1--49091,161- _43*O72 .... J.&31,233.. 110.ML.. __ J23.... . 33 J1L - 1JO4,52.
104 29259,392 248,319 2,501,711 295,782 7,016 75,373 ,86,47
106. --I.ZgO36L---. . 10,011 _. I1337137Z. .31j.59- - -. 6 t 9 9.-- 4'. 164199
106 354,729 1,920 356,657 356,863 49127 10,407 728,054
.l... - -.. J3A.SfL508. 91L,1L. 3 o0 A4L. .
112 1,3599133 22,355 1,381,488 161,778 3,645 26,725 1,573,636
114 . ...Z4O938. .... .0 -.. -. 2§0930 ... -- 192469689.- ....... 11,1-1-7 ., 8
120 51,820 41,366 93,186 49811 393 3,050 101,440
122 62,918 . . 0.-- 629918 . 39279-... ... 0 2,260 66057
124 360,95 0 38,985 4,456 47 340 439820

160 2,839 1,214 49053 11,977 0 0 16,030
162 4,941 -.0 4,941. 4,26 .. . . 98* .. 9,513
164 79277 0 7,277 69,724 60,26 146 85,673
174 354,900 689195 4239095. 849,I88 26,161,- 34t461 1,335,705
160 15,9s5 0 15,959 4749976 3,783 2,646 497,364
111a -235 13L- - -. 2.05..- 2.3W.0Z JhD..3.... 2,13a..... .At1L. .3Q~1
190 776,802 1209087 898,889 5199689 14,716 30,625 19463919
192 1949575 34,419 228,994 4149377 4,584 7,154 655,109
194 31,465 430 31,895 2439991 29819 19149 279,854
196 1,002 0 1,002-- 2,6179528 Z9879 - --- - 2621,09
211 "3,411 638 49049 32,141 0 99 36,289
.213 L30.QI..- - ...L9-.. 13W 1 2L ----.. 2Lj31.. -- 2-4 Z7.I90.... .. d L. A8i4ft
310 999562 21,966 121528 18,660 0 1,189 141,377
330 4779137 2389201 715#338-- 306t295 -- 13,15.9 .....- 239.4 . 1058,20
340 121,277 55,170 176,447 390,708 149489 12,163 593907
350 32,523 29459 349.2-. 451,223 - 89411 It 511 ... 5qq5O0 9
360 28,504 3,085 31,589 430,800 18,609 2,183 4839181
361---. ... SL... .. .Zi84..4. .-- -.. Z -32" -........ .. L. ._.Z,.05.. ........2,,Q7
420 389245 36 38,281 183,888 39,265 6,943 268,377
510 .A4471 . 1,338 459-809- 3,767 -...... 3......... 657. 5o370
530 15,823 0 159823 5,791 0 2,270 239884
540. .... 11,532 '4,116 15,648 . l1,09-4 --,2295 ..-..... 46...... 510,013_
612 229209 14,801 37,010 389557 300 1,892 77,759
.811. ... 3,2fL(... -.2~,3L -~. 3S31.. ..... .. 8.,k7L... 27L...- . 7 *4.9
620 449335 23,636 67,971 29,352 39356 2,767 103,446
622 .. -4 691- .. 53.... 169226 165 -41k),55e......).Q...... . 46-.... .-31,6
705 2,054 0 2,054 298,790 3,574 19129 305,547
720 ....- -- 0 ..-- -....0 29......__690-.. 190.c ... . 547 .........--43)1
610 576 0 576 36,467 3,583 9,113 51,739

TOTAI. 9,614,613 1,574,057 119188,670 199949,343 268,861 479,449 31,886,323

Table S-29 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' PLATTE-NIOBRARA SUBBASIN, SOUTH DAKOTA PORTION

NON-IRRIGATED IRRIGATED TOTAL PASTuRF - FOREST OTHER TOTAL
g8 " ranpi A n._ C RM.l Na rRnPI AND RANrr unnniANo AG LAND AG LAND

106 1,517 0 1,517 7,663 0 0 9,180

110 4,461 0 4,461 70,520 0 88 75,069
112-- Azo&on 2 6,142 0 44 6,806

136 29962 0 29962 3,535 354 0 6,851
14L . . .... 19016-.....- ...... . 1,016. ,- 5.952 ....-.. .O ... 0 - 16968
160 0 0 0 5,031 0 0 5,031

.164 - 0,.. - ..O...-- ------------- 11*926..---- ------..- -o---11,926

168 795 0 795 5,876 0 0 6,671
'..17 tSS6. .IRI 11S.772 , 220 171,373

194 47,735 0 47,715 241,922 0 931 290,588
320 40846- - .A9846 -------- Zt .3- . 0 -0 -1339

420 488 0 488 33,970 0 0 341458
510 0 0 0.. 932 . . 0- - - - 932
624 2,960 0 2,960 189969 0 0 21,929
- A A I a IA. f2 0 0 368,8a

sIC 0 0 0 0 0 442 442

TOTALS 129,806 0 129,806 597,411 354 1,725 729,296

i,/ "'nadjusted for projects funded for construction.
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Table S30 -- MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
ri lRRENT NORMAL ACRES.' PLATTE-NIOBRARA SUBBASIN, WYOMING PORTION

W04-IARIGATFO I10FATEn IGIAL PASTU'r MEmI OIHER lOYAL
-UL..-- kkL,- -0 £8011AW rmnft" AG LA~ND

102 203,115 25,948 227.063 4901.5 0 2325 6749403
104 44,883 26,13? 7i,020 125,449 0 152 197,121
106 1010031 42,279 143,310 1,020942i 5,134 3,o06. !!81,255
106 10 0 301 1,519226 23,999 1,377 1,538,904

112 496 486 944 c a 0 96'4
120 05.14 -149 L 59.618 5,375 0 1,534 67,027
122 4,9643 1,131 6,14 29,481 0 0 8,261
124 17.525 0 17,5?5 83904 0 506 1019935
126 1,069 0 1,06.) 466,659 0 0 467,128

144 169409 6,166 22,575 18111 6 211 40,937
,so 2,9?0 11.185 14,155 109,512 8,64s 10186 133,501
1lz 1,660 1,041 A,707 5,119 0 550 14,976
174 276 89923 9,201 1,171 0 4q2 10V864
1S0 49qq 17,994 22,791 124,*81 0 703 14"9377

120 ]J,680 33s.690-. 199,9 Q-..- .... - l~
0 622 622 0 0 933 1,555

190 249069 89261 329330 77,119 0 636 110,085
192 8,086 79671 10,151 57805 19022 589,864
194 15977 0 15,877 243314 0 0 259,191
196 302 0 302 16,670 0 0 16,972
211 8111. -1,00-- 1#27.8. -2 Li .2L4, -- - -Q.... - - ) t

2
3-

213 12,543 4,559 11,102 19595,923 199,013 141 1,812,179
22S 572 0 572 252,714, 0 0 253,346
340 0 0 0 109761 1,104 0 119865
420 0 4,553 49553 990959 8,367 0, 112,879
614 0 0 0 23,19? 0 512 23,709

620 0 12,209 129209 96,579 0 0 1089768
622 0 0 0 372,689 0 0 3729689
750 750 253 19003 1tO26,263 44,786 0 19072,052
760 0 0 0 2449032 77,080 0 321,112
770 0 0 0 29,60 0 0 29360

A ... .. 1 .-........ ---LL U.... -... 100,19._ ..... 5Z60- § .... 0 .. . gA

'cAr 507,477 229,824 731.301 9,699,193 5859h9 - 15,833 11,037,823
_170 -99 --550 5 3'j

_/Unadjusted for projects funded for construction.
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Table S-31 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' MIDDLE MISSOURI SUBBASIN, SUMMARY

N-IRRIGATED IRRIGATED TOTAL PiSTUNE FOREST OTHER TOTAL
S~tL rMEU niAmUil. £UIADn RANGE M iAD ML AG LAND_

102. --20*41... .6,836 215.249 9280AO... 3.... 80... 244,095
104 2,162904? 7,242 7,1692f9 2459543 379940 102,05Z 2,554,824
.106 2*097.323- -.1994 2.899,317 387524 . 419,25 94,7?# 3,422,690
10 423555 0 4719555 1209228 22,617 14,247 580,707

.110 . . . __ ..... .. .SUf64 ...... . 2 ... .. _..
112 740,567 0 740,567 60,219 3,804 16,556 821,166
.114 -.262. 126- .0.26 . . 135,52L _. -30,60. 7,078o 435,585
120 401,648 540 409,18P 35,491 10111 10,687 456,477
122 499,652 0 0. 499,652 1309932 6,5-45 24,333 661,46
124 395,947 0 395,947 1I66940 8,511 14,248 605,196

.M.6... . -. %s526-.... -... g.. .-Z.52A.. _....L.9a .. ....-...- . M.O..i -_.o3027
136 45,834 0 45,834 2,677 554 1,784 50,849
138 12,553 0 12,553 29681 0 708 15,942
140 14,825 0 14,75 2,656 7 105 18,193
142 4,319 0 4931q 293 191 330 5,133
144 210,471 0 210,471 35,633 I8 6,758 253,050
1W - 12656-... -- 47- .. L3jAO -. 24427-4--. - 21692,. 6j~it
154 4,279- 0 4,279 2,432 815 0 7,526
160 142 0 142 C 0 0 142
162 69430 0 6,430 2,199 0 119 8,74A
164 947 0 947 15,630 0 0 16,577
174 20,340 2,360 22,700 6,457 2942q 267 31,873

!68 3,413 0 3,413 3,734 326 0 7,473
190 48,185 49942 53,127 6,006 2t653 2,421 64,507
192 17,513 0 17,513 4t,06 235 615 22,669
194 49593 - 0 4,598 14760 0 96 19,460
211 10,142 10,147 674 0 3?6 11,142

231 3,422 0 3,4?2 7,OO 0 148 10,578
310 400,780 17,806 418,666 25,959 17,482 . 20,975 483,08?
320 622,928 10,294 63392?2 229,502 17,154 13,150 893,028
330- .. .. 635,331 49,253 884,584 115,970 .68 553 ---....- 3,959 1,093,066
340 43,366 261 43,6?q 3,110 1,472 4,885 53,096

.35in, . 225.- ........ f. _LgZ5......- ... -Z0Q
3

0--......2,266 -
360 769 0 769 5,541 1,625 0 7,935
420 ... .49,462---- 49,46Z . 1509068 56,77_8 22, 12 278t432
421 11,122 0 11,12? 567 13,272 1,001 25,962
310. 1597311- 0 - 15,736 5,398 0 284 21,420
540 94 0 94 279 0 0 373

AnZ .. 2*47~ ~-- - -.-- --. 2,a'.7-. -- -0----- -------- --------------- 07
70S 322,233 0 322,233 280,541 244,678 249867 872,314

.7 0  0 .. . ... .5 3 -- ......... ... --- ----..... .---- .... - 305 16 ,167
720 199 0 19q 0 199 0 398

-UI q % A __ 0_ 76 0 0 126

770 4,167 0 49167 7,441 6,744 8,831 27,233
.I10- ..-- ---- 1177------ -0... 17-. 1,823. 6,410 3,217 12,687

TOTAU ,11,116,675 .102,557 . l1,Z192,3Z_ - - 2,085.
Z

09 1 630,863 J469771 14,782,075

iu/nadjusted for projects funded for construction.
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Table S-32 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND-BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES.' MIDDLE MISSOURI SUBBASIN, IOWA PORTION

NIN-iIRIGATED IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL

lot~ _l33&443___ ___...-.3.4.....54J.. 3 L .. aS... JiA
104 1,415,008 0 1941S,001 113,953 10,709 67,201 196069871

10.. .. 20136L... - Q_ 0... .2*O&a35.... 23S,16 . 19&133-.. _472ThiZ_ .... 2E3-&g60
10 223.229 0 2239229 56,827 13.958 4649 298,863
1 .- &*..& ft l&8. Th 1&.72 1.1aL 4.92? - 191.3LJo
114 171,172 0 171,172 239916 29820 3,469 201,377

...-M-- .3 __0 _ .....373*832.- ... 33-*36.7- 7_ _ 3_.2,59- . _-4.1v!'_

124 469298 0 469298 139638 227 695 60,056

136 41967 0 41,6t7 2,003 554 1495 459939
JAILt - n., %an n.. 1 2,233 0 I6#Af 13.477

140 14,150 0 14,150 29514 0 602 179266
.142 ......-1602 - 0_ - 1060z._.. .. I,- --i. -.__19 _ _232 . -... -Zt2P
144 1629651 0 162,851 29,381 18 39621 1969041
.13 ....... 129046 ...... _. . . 2 06- -__..... .. .31_._0__2 7.. 6.... - 11j4tt
154 49279 0 4,219 2,432 515 0 79526

211 69760 0 69760 379 0 326 79465
-231. .. 8 . .. -11080 91299 ....-....... Q ... .3,0L-7.

310 229O00 10,756 240,558 12,440 19149 2,467 2569614
320- .... 622,S07 - .10,294 632,OL.-- .2219344... .17.....J 3 Ov._.9."_"2J9n..
330 3899904 906 3909810 429982 109843 139132 457,767

_3&A_ -@& _n 2q.& 146 0_ I 4.85_ 34.499_

350 49074 0 49074 0 100 7r 29015 6989-
A---- ---- 329605 0 3Z.605 .100,467 79224. j .1.9,21 _...... - -199521
421 119122 0 119122 567 13v272 19001 25,962
.51..0... ....... _ 35909 .... ...- ---. 5.90 .... 255 3....-- 0..... . 139 .... .JQ.
612 1343 0 1,343 0 0 0 19343
7-285--)A IR-72& |4k6.k RA.6706 A.18 I AQ Q726

710 4958? 0 49587 29000 O 237 61824.IO...... i 67 . ___ ~A .&.a...... ... .... Jk,.? ......... 761...... jdj... ...... 8 ........ 3.2L..6.

810 1,177 0 19177 1,674 0 2,570 59421

TOTAIA- 6,465,953 219958 6,4879911 11130,9919 194987 2499209 8,062,976

Table S-33 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' MIDDLE MISSOURI SUBBASIN, KANSAS PORTION

NON-IRRIGATED IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL
tur ran.l.fn tRnPIANn - CR RAP RNGF wnn..AN..LA AG LAND

102 - 34P556 .. .......- 29991 . . .. ___3._s.. . . ..-------- ............-39k20 _ . .. 1 ........
104 369417 0 36,417 4,300 710 594 429026
.A06.- 183,761...... 0_, 183,781 24,111 5 5,L- ....... a.-917 - 6j.
106 199338 0 19,338 6q48 19495 430 28921

122 869833 0 86833 169643 505 19253 1059234
124 . 68052.- ..... 0. 68,052. .12,934 ....- 853_ - ... 316- -- 839155
126 42,235 0 429215 169821 29144 961 629181
138 592 - _ 0 592. 2102....0 - z 06
140 282 0 282 142 7 5 436

192 22 0 22 8 0 3 33
310 179077 0 179077 7,337 69061 301 25,776
330 39406 0 3,406 419 660 70 49555
350 11339 0 119339 475 1,00 20? 13,664
420 69490 0 8490 12540 15,605 584 37,219
.205 .... 23,983 ... Q .... Zt.. ...... 24d1 . .20t1.. .... 1 . .IL. .. 0..±UZ.
710 800 0 600 29338 3,670 68 6,876
740 50 0 50 76 0 _ 0 126
610 0 0 0 0 1,580 68 1,648

TOTAL I  5559781 2,991 558,772 1349345 659542 10,896 769;557

1 Unadjusted for project. funded for construction.
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Table S-34 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' MIDDLE MISSOURI SUBBASIN, MINNESOTA PORTION

NON-!Ri'IGATSO IRRIGATED TOTAL PASIUWE FOREST -TYI R 3OTA
fllltl'. cnvl! sll c anti ain IA~ klOLI AG L"ND o AG LANDU

.IO. 1249A. 0 _ 7A.96 404. 3 . 67- 1 734
104 52,012 0 52,012 4,028 .0 5,321 61,361
.. 10l6o I. , D ,;,,i 11 2.6 L o. . JA 4. -.

108 0 0 0 430 0 0 430
itl .i4.11 . 1.4,L - a1411 746 n L 1.AS

140 393 0 393 0 0 98 491
.147 29, n7 - ___ _ a..,.._ ... .IL _ _-L .19 o- -6 -.. _39M_

144 47,620 0 47,670 6,252 0 3,137 579009
-21- - -- , %91 0 -AA _.tn' a_ _. _. -0o _ 3.,6 7.

231 1,614 0 1,614 5,709 0 141 7,471
-120- 4,21 0 421 1. I -,a 0 a S~

420 0 0 0 1,329 0 0 1,329

S .-1379,70C . 0 . ...... 137 iB I __Z4. . _ LO i . .

Table S.35 - MAJOR LAND USE OF PRIVATr AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' MID[)LE MISSOURI S(J!3BASIN, MISSOURI PORTION,

NO IR-RIGATED IRRIGATED TOTAL PASTURE FOn EST OTHER iT7
Sat Unl Awin -C=npl anptiNn RtANQ NmLAW I4J.AND . G LAND

.10C . . 15Z,56 ... . .IASZJL... _.. 7 .. __ ... JSIDLt .__2__. ... fl41 23.t

106 1769523 0 176,523 52,001 10F690 7396 247,512At0A--. ...--- 8As 60- -. .. 0....-. 11 6 2 . .... - 2.%19J)+ __ 3_...+ ,. LI.. _ +SA - -_-1"76_0 .. .k1 ?6

122 94,469 0 94t469 64,006 4,3R5 7,866 170,728
1Q?1.__ 1g.g 0 _t~sl17,697 6,85U9 10.277 .__J.6.kW.A .4,

126 1O03S0 0 100,350 91,230 1,S4 7,420 210554
-153. . 1OO 1610 - 4.. ..- 1019... . , - 1 ,55 L...- 2 IL-.92 + - 1...-27J,0 8 16tI1 .. . . _2 1 ilj
310 44949 0 44v948 0 4,934 11,238 61,120
330 210,179 -.46575- 214 754 .. .. 23040 ....-. 33209 -,3t..... 2729373
340 7,127 0 7,177 0 0 0 7,127

.]L31.... 1s7L . ... Q. . _-.B.. "/U ,-. __ .. 2L.... 125.,.9_ _ _ 3a..AUL .. ... ,Js. 9

710 0 0 'J 274 2,193 0 2,467

TMAI 81 1,3080190 5,522 1,13,712 585,391 .225,566- 70,560 2,195,229

11 Unadjusted for projects funded for construction,
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Table S-36 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES, MIDDLE MISSOURI SUBBASIN, NEBRASKA PORTION

No"-IRRIGATED IRRIGATED TOTAL PASTURE FOREST OTgFR IUTAL
so- inpn - L'PAILAN11 -BL2P1lL RAmar umKnaAND -AG LAW AG LAND

.102- ....-- 99S6.. _-d7-- _-133... .. 4- - - 12__.,..l_ ..16 - 30LK
104 505,754 79242 512,96 65,190 8,414 23,729 610,329

t08 969528 0 96,528 319080 3,660 4,308 135,576
1 11, 4 . 9 -s - A8 &f 2 0 .6 8 6i 1 , 4 8 9 -2 4 2 8 , 0 6

112 572,011 0 572,011 43,747 29446 11,569 6299773
A14 .... 900 954- ' 9,54. .... 1119605- ......Z8*-0*-O ..... 09 -...M.AOLPA}TfJ

120 169379 540 16,919 532 239 8S7 189547
J22 ..318935fl . .... . 318,350...... S0aZ .,.5.... .... .-,,.L .... 50*
124 83,706 0 83,706 12,221 572 1,960 98,459
I & 40T - .. 47 674 0 289 4,910

160 142 -0 14? 0 0 0 142
162- . 6o430-...... - 0 ..- ---- 6,430--- ---- 2,199 -- . .... .19.... . - l8
164 947 0 947 15,630 0 0 169577
.14 . S. 1070 - -2,360. .20.430 .S_,.570 ... . . 429 .......- 1.. ...... S
180 483 0 483 564 0 0 19047
18at -,1.4 A %- 1.4 1.726 a 7,473

190 479948 4,942 52,890 6,777 2,650 2,385 64,202
.192 .... 17,491 - - 0- 17,491 - -4298 ---- 235-...........- ...... -l,6
194 4,598 0 4,598 14,766 0 96 19,460
213- --- -. 39755. - 0 3,755 . .330114 . ... 3766D --Ig7o L .3t_.. 3.
310 108,955 7128 116,081 11,182 5,338 6,969 139,572

340 6,780 261 7,041 2,966 1,472 0 11,479
35& - . . --29812 -- - 0 Z,* 1 . . . . 189 . ..-- 0 . . .... 49 .... .. 9 ,1-.0

360 169 0 719 5,541 1,625 0 7,935
420 .. -.. .367 . --..... .... O. .,367 ..- 35 .3 ...... 33,9-.... 32-.* _..t-=-4..__ J_,t17=
540 94 0 94 .19 0 0 373
AlZ 1-304- A A.n n n 1o304

705 1,387 0 1,387 6,252 12,284 2,154 22,077
--, ] ...A99 . .. -o 199--- -a- -.. ... -9 O- 3.98

0 0 0 149 4,830 639 5,618
TOT 2,649,043 729086 2,721,129 609,849 1449878 105,248 3,581,104

1/ Unadjusted for Pro.ects funded tot cot latucti .

S-27



Table S-37 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' KANSAS SUBBASIN, SUMMARY

m-oirpIATED IRIGATED TOTAL PASTURE FOREST OTHER TOTAL
-Sol _Si - - -CGLAR -LhRLhIL. -- A"$:I -i~ JUM - A~Uj--LLN

104 3,044.838 309,188 393S89026 "11654 20,0415 5.79? 490404

10g 354,567 0 3569667 449,552 5,907 15,241 847,441

112 1,960,043 5,351 1,665,394 565,4sq 1,262 19,4"59 2,2S1,514

120 "SO,5" 142,144 1,117,710 04,961 2,575 36,151 1,301,111

124 500,370 0 566,310 114.272 1,061 14,471 77,2C

136 45,474 14,125 80,401 13,320 0 1.003 95,524

140 75,017 0 75,417 44,240 774 1,713 122,384
-154 -3.21- . 0., - .712t- Ilk-.. --- A,353 4
1IS4 ?0s a 70% 416 254 24 1,403

140 to 0 0 953 0 0 953
A" Z- - - -- 2#.024S..---- .- --- 0 - 8o245-. 6.094 1I03-.. . - .250- ..... M
164 1,132 0 1,132 1.506 0 0 2,438

-.14. .111#639 .- 31C4 115,415 8492Z4 -.,2A&. - 30i.4 ... zQ~d.7
Ila 107,475 11,150 1189833 93,340 0 907 213,160

M8 10,154 0 100,1S4 549,106 1,491 60714 8000073
4SO.. .... 910176-. .430500. - 334,47l.. , .Z6*246.. 3&L"9..-- -....A.1L... .... LL,01.13.9
192 44992 637 05,7"9 40,457 113 1,102 101,471
-m4 - -9900.~---------- --- 0 -6 -21,294---- ----- a. - . lat....J51
194 11,546 1,642 13,408 770,930 0 427 192,945

310 219,608 22S 219,9131 33004 14,511 5,115 214,653
.320... - A,1..... - - -.-- a- .10,019..- 12.772 551 -. -- .63- 1 - 39025
330 183,418 63,585 247,003 108388 41,449 1,532 . 405,812
.340- .... As.9 .. 03290--... -1ZO260.- . 10*711-------1,443- ftt --.25#601
350 1009292 1,200 101,492 . 39060 10,531 3,230 153,363

361 0 0 0 4,128 639 0 5,347
.420... - 477L...........OL- . -g1.22Z-. 243,310 .173,3.53.. . 1 .5330- 33a,
510 110028 22,195 199,023 30*,93 S32 5,19 2449037

-M--. -U9242... ---.... 394.-. 13A34... .140111 - ------ - -2.40. A 
540 32,372 490 32,802 1690 97 3,032 1,150 55,949
612- .- -- 301- .. 211 .314 60192----------- ---------. Y... -- 64101
414 97 0 97 0 0 4 101
.619.------2,303... -- . 0- 12.303 250---- ------ A..2-. 2,4".
020 70,70 0 20,776 5,607 49 293 20,715

105 1,680,871 0 1,080,871 3955,160 100,254 61,26 5,797,596
IM0. -58795... - - 0S697- 8 95, 460v99..- -...4903.10 --. . - 76,16- A 01P
720 10,002 0 10,802 25,265 0 0 36,007
130 1730364-. .0. 1739364, 315*510- 9* 5832 - -,621 -- . 502321
740 51,760 0 51,160 112,960 3,447 745 228,912

LW.VA1 20,691,632 1,049,587 229341*219 13,619,207 597,033 551,452- 37,108,971

~/Unadjusted for projects funded for construction.
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Table S-38 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS.
CURRENT NORMAL ACRES' KANSAS SUBBASIN. COLORADO PORTION

4ON1IRRIGATED IRRIGATED flIAL PASTURE FOREST ODIER TOTAL
ran.. M r0n ... ..12b..l - .J... M0Ont AkO AG LAND g LANQ_

-102- .. 174.1o95 ...... i70.345-. . .o1.904. ....... 516&.23. _0 -. J6264.... 2,428,365q

104 100.656 249647 1259503 45,370 0 776 174649

106 .. * .. 4,193 . . .Z7022 . - 49,0J . 1,150 7 1
112 2409501 0 2409501 22 ,896 0 2,631 465,028

... . 3 - z~]] .76 7.56 239 _ _._ oaZL

130 637 so 725 0 0 0 725

17 107,675 11,158 118,033 93,360 0 967 213,10

190 2?7,00 19295- 2969091 I11sh03 --- -- 1, - -- '10,246
192 19594 129 1,723 10,102 0 0 1,825

350 0 195 195 19159 0 0 1,354

420 4,090 39235 79375 119451 0 575 19,351

510 239366 0 23,366 16,887 0 97 409350
622 0 0 0 2091M -0-_-----...... 0 20,196

105 1579915 0 1579915 319,854 0 242 4789011

720 109802 0 10,602 25,265 0 0 369067

730 140.399 0 140,399 174,105 0 2,193 317,297

740 2545 0 29S45 19,840 0 0 229305
SID 0 ., 0 0. 60396 . 0 ... _ j3 IIqA26

TOTA .-2911.9...... ..ZA;-Z0.. ._..3I29.25....... Z,§3a. - .... .. ........ Z2, .I. ._ lt

Table S-39 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES.' KANSAS SUBBASIN. KANSAS PORTION

MON-IRRIGATED IRRIGATED TOTAL PASTURF FOREST OTHL.R TOTAL
SMJar.. ?azlAwLn £AnPIgin RiAmn A MlflfL ANn A.&LAND... AG LAND ,

.102...... 2.21459 .... 128..2507.5 --.. _S0,400 .... 63 21..... . 33 ... t
104 1,832,560 40,416 198729976 485,581 14986% 229959 2,3969381

108 236,563 0 2369563 3699406 59841 119012 6229862
112 .0.6& . L 1.0D2.662 27401.26 348 6.743 1,339079
114 7349343 0 734,343 3099074 225 6,409 1,0509051

-120. 30,635. Ll,431-- 398,066 - 60989 ----.. 2 1--- .. . ..90.. 469303
122 0669917 19958 8689875 256,873 4,494 21,253 1,1519495

.124.... 522942-- . 0. 522842-3..... At43 - -. *. 8J. .. .. t .. 00, 74
126 298,252 0 290,250 196,7'1 22,925' 89039 5259955
1 6i- too n 0 21 0 0 121LZ

138 129,875 0 129,875 50,424 1,111 1,973 183,303
.140 ... . 617. ... 0 - 759617.- A4,280 .. 1.7-. . . 1911 122930-
154 727 0 727 314 282 30 1,353
.156 .705. 0 705- -18--- . .Z 2,k .. 3
15 349491 342 34,833 55C453 6 498 909790
1&2 7.*3A- a. 7,4146 Ih896 .193 2S0 14,761

174 259014 a 25,892 40,417 1,224 311 67,844
.190 .... 179,060 . .,713. 18C,773 90v771 . . 4s7.7....-.. 3*3 2-- .79i02Z4
192 678 0 678 563 113 42 1,396
.3.10. -. 218,443.- 0 2189443_ 33,054 ...-16,47..--. ....... .15 ...... .Z7.13089
320 109019 0 109019 129772 551 83 231425

a3 -10. A 1 n n iu. 41 n % 9-Q1 2. 04 7 . 1U0ZL
350 92,508 0 92950 25,921 99033 29557 1309019
-360- ..... ... 3,167... .. 0, .3,067. . -1018 --..... 353 . .327-- .....1635
420 58,075 0 58,075 116,714 1239684 99391 307964

-- ..... ,0655---------..--. -5655--. 93-7- - _-- 5- ----- 15. 6,682
#30 52 0 52 932 0 0 984
A a? A A7 A 4 lot

619 29303 0 2,301 250 7 128 2,688
620 1.2. 9079,- 0 190879.- 5657, 49 Z93 25,08
705 1,520,891 0 1,5209891 3359,401 99,541 609526 590409)59
.710... .. -- 3957.. . .0. - 430957. -- 578o222-.......-49310 ----- 9-- 22 67.,921
730 32,9q65 0 32965 141,405 9,832 8?8 185,030
TTn Aa-.1 r n 49,21S 153.12a 1,447 145 2 0 6. 5 2

010 46 0 48 101 3,142 54 3,545

TOTi8 12,150,695 300,996 1294519691 79898,960 404,653 251,256 219086,560

I/ Unadjusted tor projects funded for construction.

S.29



Table S-40 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' KANSAS SUBBASIN, NEBRASKA PORTION

WN-IRR|GATED IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL
5fl5m rmn: lAM £BMULn ljnj~l~kn __ ____________ lf. .AILAND. AG LAND

104 1,115,422 244,125 1,359,547 117,705 5,220 32,062 15149534.06 ..... .+qoeIl_ .... 6g000 .... 335t6ZL. _ .1+36nkt... .. 13.. .... 2TJi*.__.. J+LO6jJ

100 120,304 0 120,304 100,146 146 4,119 224.715
!102&Zh§- - } - o - *9.65_ __7_2.+01 145 2,351 304.569

112 366,900 59351 372,231 64923? 914 109085 4479467
.U4 - .23*326- 273s 326. __.sL__ .kIL. -J90161 _,66i5_
120 614,931 1649713 7799644 239770 144 26,250 8319808
122 242*721- -4.94_- - 47.7I5_. -3,13*7o . ...- 2.. 1h3J .... 5
124 63,526 0 63957S 309229 0 2,969 96,726
13&........2-L.. -. &- -47.r19 6-0403 1j.. 56AML.
162 809 0 009 0 0 0 609
164 1,132 0 - 0 _ 1,132- A50e 0 0 _ 2,6-
174 85.755 39768 89,523 43,807 0 3,993 137,323
1SO 29766- 0 2,766_ 44,860 ._9.. 6_66.. 48j

4
sL

18 180,754 0 1809754 5499108 19497 68,714 800,073
JAO. ..... . S9L ... Z j&

2 
..... TAD.DL-- S3*!T2_. JA. . ...aIL... ..7 3.d ,96

192 62,690 708 639398 299792 0 1,060 94,250
194 9,900 6 9,906 21,294 0 32,589
196 47 0 47 59,197 0 98 59,342
213 15930 0 159530 -66,294 .... 1 0 ... .-. -. 3,M2
310 19245 225 19470 0 94 0 1,564
.30 . . . . . -- A.. ..6+3. 55. - L6 326.... .L . ... .. 4-. ,t 1... 28I 676 ...... A MSI.... 23!TtL .
340 69990 5,290 129280 109711 19643 967 25,601
350 7974 1,005 1#789- 119000 1, o ...... 613...... Z1,O1Q.
360 19487 510 199q7 5,9998 69905 429 15,329
361 0.. 0 - 0- 4,720. .. 31- . ----- 4-.... 5 t 3 W
420 25,306 576 25,882 115,153 50,269 5,%22 196,726
.I n .. .- O ... .. .. -2 .IS 1. - - t1 7 -0.1O o .._...0, I ... .. . . , . -.. ,. j . L. ..- .l 1 9 7 L.1.
530 13,190 394 139584 13,386 0 2,940 29,910
540 _-32,372 490 32,062. 10,09 . 399 .... 1,.1 .
612 303 211 514 69192 0 95 6,001
620 . .... . .19 . ... 0 -A 97 ...-.. ..O . . . . . . . ..89
622 999 0 999 2,183 0 0 3,102
420 . ... Y. .. 99 0 0 3.... .. .. . -

610 190 0 190 1,139 38' 193 1,909

5,66,43 1,13,31 6,70,74 3,280,543 112,380 27,0 1,2598a

1/ Unadjusted for projects funded for constructim.
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Table S-41 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' LOWER MISSOURI SUBBASIN, SUMMARY

NON-IRRIGATEO IRRIGATED TOTAL PASTURE FOREST OTHER TOTAL
-SAG-- et~liwa cnvLAmn -Spllun- -SAME. ~ [~ AG LANDG AN

102 . -. 7L,...... 107. . .31015 .. 6..- ... ,A15... 7
2
i8

104 443i290 134 443,424 269,642 609420 35,740 00992?6
-106 - . .J2&4i4.... --- 0-- -368*17A . -,22"606-- -..33021- -- 05-99-. 1A~j
108 31.741 0 31,741 599840 119103 679 10393631176 42a a 2.0 12.203- S91 1.646 56,744

122 19013,471 0 1,013,471 416,362 409886 93,619 195649538
-1,24-~ .29445.942945...... 19 60*0 - TOL33It -?02ZAA[L. -- IN
126 6829302 0 62 302 747,425 210,794 689932 19709,453
136 124.122 . ... 307. 124,4Z9 .......--3_47?3. . ._ 4At,6 ... .J,1, .. 202,223
136 180,696 0 180,696 1049581 20,462 99966 3159705
1 0. &h .Al1 Oft.. Zi 263615- . 96.949 65.TS9 1h I0 5 33
142 3229169 0 322,169 546950 499,1766 33,875 1,402,390
14 1962Z--- 0 1,62Z 333 ..--... 23- ---. O 2,194
153 897,418 -1352 8989770 345,312 765,127 29,383 19538,592
154 5S,181- 0 588,161 1129282 37399 - -,7656 7,647
156 1349959 0 134,959 71,804 1,429 3,516 2119708
ISM . . SAM Q9L.5.& d _ __.. __ 126 5.J -__ - 11 160 22.!436
174 96 0 96 47 0 0 143
211 18,940 0 18,940 249146 9,327 - 0. 1t 11
213 119150 0 11,1SO 519397 34,002 1,656 98,207
217 61,834. 0 61,834 -72,988 .. ... 3 .. -8A ...-- - 2.1 9
310 3880138 0 388#118 62,117 107,989 27,067 585,911

330 744,168 2,62 747,050 1499468 183,671 48,829 1,129,018
340 -- 98,434 -, - 0. -9890A..-, 25,888 .. 2G6AA e--.3A
350 73,479 0 73,479 56,336 71,119 17,481 218,415
.420 33,647--- 0 33,647-.... - 07.5 -. 60,319- ....-215....... 1j603T7
421 39904 0 3,904 1,648 3,247 565 99364
Iit.. -- 5 %lA.. ....... Ilk -SS&.sILL.1.....1 .... thlJ . AQ5A32ZL.. 10,9 5,1t3-F6
710 39,217 0 39,217 264,894 769,172 15,017 1,088,300
.730 - - 78.... 0 76 - -- . - -. 68-- -- 0- - -1
740 4,798 0 4,798 3,791 920 95 9,604

.770. ---- 99- ~ --------- & -----99 5478- -. ...1,36--- - v-0 -- -b
610 0 0 0 14,510 37,740 6,302 58,552

TOT/. 109203,614 4,782 10,208,396 7,334,226 5,787,625 793,106 24,1239353

Table S-42 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' LOWER MISSOURI SUBBASIN, IOWA PORTION

NON-IRRIGATEO IRRIGATED TOTAL PASTURE FOREST OTHER TOTALrant p &tnIf Canpuikn CRfPLAhN RANGF WanD LAND AG LANo AG LAND

102__. -.-. 606 _-.Z - - - - -- 09 -52.- --- 0--.-- - ------ 3
104 34,062 0 34,062 3,980 862 1,711 40,615
• . ... - .-A69600W ...... 0- ... . .669096- .. . .19*096-. .. --- A 7.... . .- 47li-,. . .8 .

108 11,535 0 11,535 199555 1,931 606 33,677
120-- ~ 10.Q22 1q0 238 242 10.1692

122 46,978 0 469970 7,354 637 3,405 58,374
.124- -335,888 .. i0--_ 3359888- . 133,098---- . .-1...Q.- --O---. . , . . ... ,S56A
126 135,123 0 135,123 112,466 17,890 4,059 269,538
.136 - 540 - .0-- - -- 40 . .. 0 . . 0 -0. .-.......
144 1,622 0 i 22 333 239 0 2,194
Mq ln.71n 0 1o? ,001 0 997 32,728

154 -51,513 0 519513 69778 19425 1,498 61,214
.174- 966- W -.. 96-.---0- .. .- 0 . . 0.....3
310 2,050 0 2,OSO 853 1,890 382 5,175
320 73,*069 - 0 739069- 73,852 ..... 516t-21 -.. 164t346
330 16,266 0 16,266 10,823 6,356 1,097 34,542
A2D.. 1&.227 A 14272 2%. Ali 2.17 .7 66,045
421 514 0 514 236 1,270 0 2,020
.705 789564-- . .- -78,564 173,378 -- . ....,i7....-...... 33s123
710 373 0 373 1,125 0 140 1,638
.770- . 9 --- 999.-- -...... 597--.------------------.78-- ---1 Al
810 0 0 0 0 95 0 95

SOTAIS 9109796 910,796 595,235 166,863 44,232 1,717,126

1/ Unadjusted fox projects funded for construction.
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Table S-43 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' LOWER MISSOURI SUBBASIN, KANSAS PORTION

NOW-IRRIGATEO IRRIGATEO TOTAL PAiTURE I FOQEST OTH4ER TOTAL
ralPtlAiMf £1BD . _LAZLAML_ R 4 NGLAND AG LAND .ALNQ

102----- 512iZ ...........-107 . - 51,348 . 10,158 f . . 1967$ - 729309
104 2329672 0 Z329672 144,504 11,412 9,561 398,149
106. _ 920. 0 1.7299?o0 7zg2,2 011J,_1 Pt146 288,499
108 1,499 0 19499 48e 103 3 2.163
.M20 322A.ZZ_ 0.. J 3t2..... .~.Z,913 . ~ 5 dP 6,

122 1969861 0 19e,861 102,693 9,103 13,816 324,771
_12. . .265 .(L._ 265--. I6 -..... 5- 3f81

126 76,17 0 76.817 8dq49 28,964 3,555 19e9285
136 .6,493 0 6,498 1691 -. 21- 17 8,424
138 9496O 0 94,6S8 75,325 8,055 39474 181,512

154 299346 0 29,346 10,355 231 687 40,619
156 134,959 0 134,99 71,804 1,429 3,516 211,708
158 9548 0 9,54H 129615 113 160 22,436
310 86,354 0 88,3S4 30,711 28,615 1,957 149,637
320 139969 0 13,96) 4,142 11,439 13 29,563
330 27,04t..... ... 0 . 27v047. - 5,10. tl? li. _ 3t!9357
350 39887 0 3,697 161 711 63 4,822
420 189880 0 18,8RO 4,4940 35,073 199 7$t642
705 459815 0 45#815 2219127 26,490 2,614 2969046
710 2,408 0 2,40a 289106 349800 265 66,459
730 78 0 78 8 68 0 154
740......, ........ 0- 3 - ,79.1-------9ZQ.............
810 0 0 0 1,095 2,665 9710 9,490

TOTA/, .19271,755 107 19271,862 9i34,068 250,576 1 59,013 2,565,51)

Table S-44 - MAJOR LAND USE OF PRIVATE AGRICULTURAL LAND BY SOIL RESOURCE GROUPS,
CURRENT NORMAL ACRES,' LOWER MISSOURI SUBBASIN, MISSOURI PORTION

NON-IRRIGATED IRRIGATF j TOTAL PASTU0- FOREST OTHIER TOTAL
*.S- ... CAMJN1L_ _ XfLND CR.f OPlANn A..... R L _ -uA-. A£r LANn

6556.34...... 136690. .... 121*15e . . 4156 .M 2468 . 370946?

106 149,153 . 0 149,158 108,786 18,141 6,095 282,180
.o. __.2*707 .0 .-. ..... . _ .7 -..__39,7773 9906) 0 67,573

122 767o632 0 767,637 306,315 309846 76,598 191819391

126 470,362 0 470,362 546,010 163,940 61,318 1,241t630
A36... . U7s624 - .307,. 117,931 339041 41,# W) 1,315 1939799

138 85,496 0 8594q8 29,256 12,41? 6949? 133,653
.140. . 238#662 .. e. 0. 2 Pie662. 156910 . 459311 15tZI6 455,293
142 322,169 0 322,1614 546,580 4999766 33987! 1,402,390

-L- ALA. ARA I.-.'A 1, . -. AAL 3 Iv..i4Jfl. .2b5.j.ki12L... --- a i k- .- L 5_,A tL
154 507,322 0 507,3?2 95,149 35,743 27,600 665,814
211....- 18,940 - .0 189940- _2?',46 99327 0 52,413

213 119150 0 11,150 51,397 34900? 1,658 989207
.217 61,834 - 0 61,834 72,988 64t593 6,444 707,859
310 297,134 0 297,714 31,153 77,484 24,728 4319094
.320- .... A 7.0 . .i.... b ... 2, 5 2... 0...4... .... 34..... .0..6 .2?..__.....-- _ __
330 700,855 2,882 703,737 133,776 172,173 46,938 1,056,124
340 986434 - 0 9R,434 259888 269624 5,116 156,06?
350 699592 0 6Q,592 56,175 70,408 17,418 213,593
.420 , 540 - 0 540 0 1,130 0 1,670
421 3,390 0 3,390 19412 1,977 56Fi 7344

..20__..___... .3_.9.-_0 .... -.. .. _.. .1 _ ZO.0L. .__..6.0_.._ ~.LI.9.%~-..-.7
710 369436 0 36,446 234,863 734,292 14,612 1,020,201
810 . 0 0 0- 130415 34980 .57. 48,967

TOTALS 8,0219063 -- 4,675 8,0259738a 57!,4923 5,310,186 689,861 19,40,708

I/ Unadjusted for projects funded for construction.
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Table S.45 - SUMMARY OF LAND CAPABILITY

Soil ?esurce Group Number ,rd : rirr. Coloraans -.-- Iowa

102 Deep. well and moderately well drained, I-IL 1-2L 201 2CIL 2C2L 1-H I-H 1-M IA21P 1411 1011
medium to moderately fine textured 2E 211L 2E2 22L 2E3 I-11M 2CL 2C2N 1013 10C11t i15
soils. Moderately to moderately slowly 2E3L 2EhL 2E5 2S1L 3C1 20324 2CL ""SM
permeable. Bedrock or gravel may be 3IL 3C2 3C2L 3E3 313 1. 20( 222 2;L I
encountered deep within profile. 3EL 3E5 3E10 3E12L 3E1 3CIL 3C2L
Nearly level. 3216 3s1 3S3L E10 L.211

104 Sa e as above excert gently sloping. T E l 3E5L 36 T 3EI 3E11, 2EI 2EIL 2E24 2E&21 22a
.  

2Eo11

3E15 3E15L 3-19 1E hE2 2E2H 2E3: 2E.H 2Ec12 2E13 2E2l
4-23L E.25 LEW3 2.M 225H1 2E261 2Ecl 2Eel

2E81t 2E8'. 22 1

106 Sie as above except slopirg. 4L3 t Ei 17 aif21L 1<E26L 1E27L 32 FH 326H 326M 3a21 3Ea1 321
.E30 4E31 4E38 4E39 1 3271 3E21 3E9H 3E12 3le11 32c12

3E911 320X 3212 3E0i3 3Ecl 32¢15
I Ecl6 WEl

108 Same as above except moderately steep. i 1E32 6ElL 62-2L 2 h .51 h.2a21 .2a.l 1.2I'Ell
1.2c12 1.2c13 1.2c11
1
ec5 12l1

110 Same as above except strep. I
112 Dtep, well drained medium textured 321 E.2 424 1 3EW 3EtV .22L 2a22 3Ea22

soils. Moderately permeable. ralcareous. E 1.251,
Nearly level to sloping. ___

11. Same a--above exeeot moderately steep. ,,,,,- Em 1 . M.29'A 
4
2a22

120 Deep, moderately well to somewhat - f 2SIH 2312 23211 IbI ibi2 22ol
poorly drainel, moderately fine to 2S224 21dl 2 131 214d21
ine textured soils. Moderately to { 21,.1 2W=82

slowly permeable soils with firm
to very firm subsoils. Nearly level
to gen.tlv eloping. -.

122 Same W abive except gently sloping. 2E3H 225M 2E10H 2Edll 2Ed12 22021
221CM 3E3H 3E.1-1

124 Same mo above except sloping. - 3EII 3ELM 1E H 3Edll 3Fd12 32e21
4E711 LE1H 1EIO. 3WEel 3E22 3Ee31

, .*fll Wfl
124 C ne as above except sloping to I E3H 2 8M EIIH 1.Ed1 LE412 L21

moderately steep including eroded 1 .EI? v Fe2l 
1
Ee22 'Ee3l

rhaee. ..._ , ___1

A= E Moderately deep, well to somewhat Tf 2271, 2321. 2331. 32 2SH ?Sill 23i12 2 1i21
poorly drained, medium to moderately 3E7L 329L 3&10 3EI0L 32iIL
fine textured soils overlying sand 3E6L 3F17 3E17L 3E1$ 32181,
and gravel or bedro'k. Nearly level. 334L 335L 3S61 3S7L 336L

3S9L 310L 1C1 1C.L 1.5
1E9L 41 El1LM 1E18 1.221 1
1E30L E31L 4E32L S1L 1.6i.
437L L181. 1.91. 131 1.3161.

138 Same as above except gently sloping, LE31 12 1.251 1.101 h.21 p 32111 3F1011 t32tIl 2Ei1l 22132 2EI21
E.13. 1E28L 1E.L 4E331, 1E3L 321.1H 3EI31 3EIM 22311

3217H 33221 1E.6 I

110 Same as above except sloping. - .6L 471L 1E.8 LF21 1.211L 325H 3E51 1.2111 E2ill E13ll 3i21
EM51 E33 E35L .34L F10H EI2H 1.231 323M11 Fll 3EII

1.E1LH4 1.7M LE12M 1wel.

112 S above except sloping to 4E34 1.4rdl2 .ll e12112

moderately steep. 4E1.212 .ll 1L231
1.33!2 LFell 

1
Egll

M7ee5 ory dae, -PeeipV Wm .h3 2"t33
moderately fine textured soils, 21-h

4

Moderate slowly permeable. Includes
moeraxtely deep soils over bedrooe and/
or .r . , Nearly level. . ...... 4

150 Deep to moderately deep, medium textured 1 1 '41 3 31411.-- -

soils nor gravel and rand, with 3W21. 1143J. 31W.L TL 3w6L
tluctatling water tabloe primarily due 3147L 3149L 3Wj 3. 1L 3WI L
to Irrigation water application. 34I'51, 3I171 31461 3191 3WOOL
Sozewhat poorly drained or Aeered. 3W4211. 31.1. 3F7L 43A2 h, , I
Nearly level to g;ntly sloping. LS30L 1W.L 4W31LL LW4L 11L4

W161 14W71, W.1 14131L 41414.1
114'2 hWl,1eI,1W181. 4201, i.

S3L'-3



UNITS IN SOIL RESOURCE GROUPS BY STATES
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1C10 42 2,5 51II
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Table S-45 - (Continued)

Rol esource i;roup Nunbor rnd Dsrlption Colorado Kansas Iowa

152 Deep, poorly drained. moderatrcly fine
and flne textured. moderately slow to
nlcw.'y Permeable uloio NjearlD levO-._____________________________

153 Iory draired .ls taec~l lL 213 'lL ~ H ~~
permeabl rols e~ cmrally 3W,1 3W30L 3W31L 3W32L 3V5i

wet areas due to seepage. Level to 3W36L 3137L 3W386L 31J39L L11271,
modra ely ten.- -- -ZA .2LW~429L

Ppt Depamosols with~ rine text-ired E5
sb irveslowl.y toslowly

p~e~e erylevel. i_______*l1
156 , ne as~ -aoeexcept ierii]yli

158 PlanOsols with tui 5 Y surD4 aniY heavy -I

160 Deep well drained granular clay soils 3IlL 3E2' 1111, 3S2L LE2L -

nearly level to gently sloping. ksi

162 aa as150atov' except, sloping.4n

it~ ~~~&e Jdeatey de soils with
co hnr1+irlzrm in cot~plex with

deep loa'y colls Nearly level to

gentling.~g.

17? Deep to noerstcly deep, well to
somevhait poorly drained, -oderately
coarle soils ovor~ying san-d and
gravel or beirclk, nearly level to

19-. Deep moderately we) oecsieydmraied, Ii~i 3D- .cli~Ssl
coarse textured sellis. lDearly level to LU ~2 E'
sloping.LE 

, LF, 43M

176 fDeep pol osnwa orydan
mc~oraitely coarse to eoarre textured
$oils with rapid permeatility. Nearly
level.-

178 MAallow to deep well drained coarse 112l, "EM'~ 3 F+&8 IElL ?E01t,
textured solsq of low mlistUre ctpatf ty 311.4L, 3E45l. ir4 3IM 3YM ~
and rapid permeablity; level. Include 41141 111i 11171 1zl8L Za
stony cobbly solos. s' E.i . '.F?l 11248!

--) -S-- r

^m2tee at atove except al-Wg.- 4~~ 1

184. Mderatvly deep nolla with nclerately
ccarse 'A' hcricc, r and clay,-Y "em'mar
"'12 hlrn. Derl lvel tc gen-ly

Nearly i'vcl to rolling.

nerylvlt' Fently sloping' X51,ItS 303L 1, 1ET ht3U 3 E.1 1, 'Ell
1EV 3P.9 A11 IL14 -3106! *7v! 41LL

2'71, 31810L 312+11,niZ q3ji, hy26

4M21 tFIC 11223 LF26 1,l' 7

S-36
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Table S-45 - (Continued)

Z,11 G~o ro~i ' -er ani tescripto Coloralo YALnos 'a

Nearl I-vo t Z tarly

.2 derate)l irl r.. drzAtrly t fn , tt l- I ]ZL L,2
to tA&.~rd or saJF ravel. ir

dralredsIz tv~e

:61: ne Jxtrst- o1 :%ioeratel 1c'

toorilc. L'veS'erIev1

31 tpoorly draned fin- ttordsy tMzt 3Sv Sii R 2E1-,2 .'-i33

fitxtured soil. oderate to odrat LLUvl

nodoaq-y sho~olow permeable Sujet rfl

toerfcw ve to gently levpel.
30 ".p ni odrately dreepo welrl txredt13213L lallZ Ifilz 3E.1

t-tdsoils .overlying tooderatel cre towl 3til

-pderately corei core t oxured 3E.sratx11
soils ovelyn mlodeg !rately ii t1

3 evo to~' gnly srlnopig M4s o ,ratolysil. 6li

Y~ eep loarv and andy oolla with high 54 11 il ~L544 -

water table,

36 'er "rissoll. Xo'irat-ly hie)J. witer 31440L 1411. 3W40 J, 143j9C 1, 510lL
'a~l# o~r -Fod by irrig,'ion writer, 1434144M 142 LWOL W 4- W,14'1

_______________________ WOD 1W3A1L 61411-W 6In _________________

P, nIvL uletto -requ.'n ov',rflow ! 5142K tWill WI oJI Wr~'
'r ,--,-rly4 oo oy old Pt r, rn 6141X 71411 7VI11

,tnels -, to mak,, Iativation int.'arible. 7114

0 E oly ran.~ mdertey omre to -c-arqse
textiirel Ao14, of log tc v,,ry low molsture
floldinK oaaty, moderait. to rapidly

;- C-i- roprng foa~Illc wJithoo
i-eril. ri-iX.

1, 1,01,~, Ic,'rly drainel !-ilwn to 'in 7141 W m1?3 wwI 141,
t~,uri rr low10 to 61ouly ww11
p.rit eproeliox.aI 015

___ TIrl- r"Aly ooe
C~ re aq atove ex'ept fre.qently porznl - 6tt.Lt-1 t -

',TT ntwha't I :rly drrair4, =i*ratoly t-_____
' -r- t-e jred, o ~a or ronlttreou,

I-t- ranly 1531,Fillv - I Icnl

------------------ I---- - _
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Table S45 - (Continued)

pDl Fesource Group Number and Description Colorado Kansas Iowa

ZAL211E A.U) ALKALI SOILS

Battolan.dc
612 ueep poorly drained fine textmred soils. 6Ell 6S11 1490

Very slowly permeable. Moderately saline
or alkaline.. ear level.

(21t Deep and moderately deep. Noderate to
rapidly permeable. medium to coarse
textured. Moderately saline or alkaline.
Xearly levelo.&ntly lo n&,

616 Deep lom or clayey soils. Nearly level. -
1  

S -"iS'Moderatej aline or alkaline.4

619 Deep loamy or clayey soils. Nearly I6S21
" 
S1..

level. Saverely saline or alkaline.

10 4oderately saline or alkaline. 6E23 3511 IS11 1S1 !

6~f2i -severely saline or alkaline. 6i. 2l* I

i.stronily soionized. Level to sloping .

705 Deep and moderately deep. Includes 5S1 6E3 61A 6F.5 619 6EIH 611 6EI11 I 6Ea21 fta2 6Ea l
very stony soils on gentle elope. 6E11 6125 6E16 6117 6120, I 613" 6E3L 6E31 6Ec11 6Ecl2 6E¢13

6E22 6F25 6E35 6E3L l 611H. 6E4 6ELM 6Ecl 6r15 6Ecl6
7E9 716 71 6E5H 615Y, 6E7H 6dll 61dl 6Ed21

69H 6S3M 7M21 6
Eell 6e21 6Ee22

6Ee3l 6Ffl1 6F9ll
6Ell 6M112 6E121
61311 61312 7E%2l

7FA22 7Ea31 7Fa
1
,l

7Ec11 7c13 7Ecl
7EO5 7F1c6 7F141
7Ed12 7Fd21 7Ee2l
7Ee?2 Te31 7Efl1
7EIgl 7 EI 712

7E12 7E31 7E12
7Srl2

710 6ha16o;6-d113 61 l 3-1 1r6e61.6 I £ 161HEL 6£XF
7 1 722 7123 7121 75111 7M1.

.I~V~L.~7UMw 7S1 711 77 11

70Sandy and moderately sandy $oil, E, ii711O7112-T Pwz--: 6 2Iib'?.
ha-low tOIM~. Urable slopes.-___________ 7E111 7 ElL 7M1M

740$ clayey soils, shallow to deep. Variable 16E7 6E8 6U18 19 E68 Ei HWMM 71.31,
slopes. Includes very stony -oils on 7E1 7E18 7121. 7S34

-1-nt le s 1os. -
750- Plitxedo O0 percent rock or 1?-7119 f2

shale outcrops
7 0 Badla-d Odto 75 percent Aie or

rock outcrop.

770 Lands destroyed for cult!vatfon because -71
of severe gullying. Gently sloping to steep-i

810 Harsh land. riverwash, strip pits and 7W5 8F3 811 8E5 8F6 81 7Wqll Srll 75r20
mine dumps, rock outcrops, active blow- 81'7 8v 8E8
outs, barren and salted lands. 

I
1/ For computer data processing the Roman numeral of the land capability unit was changed to an *rabic

number and lower cast letters to capitals. For example, lIC-l is chasged to 2CI.

S.40



Minrnenota m4ssourl Nontm. Nlebruke No. Dak. Cuth Dakota Wyoming

3Slx i'Slx L.U271

3W28 L1

-- 3SI L'sI

4-S!5 4bhi _6d'5 _ s j __
6E36 6s3 6sio 6siz

5S42 6e01 6e02 (6eO3 6E01 -7 S -7S? 7S8 _7EI I L.S11 UEO 7EO,'
6.o 6eo5 (V;o6) 6e6 6EP £19 7E03 7EO6

6e08 6eo,# 
6

p10 6-e1, 6F.03 CTE7O0 7Ell
6V5 60 el M a7S50 7f;22 'IC07

609l tc 6e.' W 6037 6£6 U17 1
6,21, &.9 e3 (,, 6$O6 -I7S7 ~7
6e33 6e 0. 6e-51 6052 711b6 I
6e53 6o55. Q~o 00
Uz15 6r,-6 6q28 (1.1 I
6C42 U.'47 7e02 '7'O3

7001 702' 7e16 7e1d
702 W4O 7e., 702D9

7e.^5 7c26 V i 7e?8
7.'?9 7cSO r1l 7.6 I2
W4'5 7s46 7S47 MS5'

(F- T3 s~1 5 tS it 63(i4- A 97_F7T_
#,13 6S39 60143 (" 7S 6EL4 6EL6 6W~ WO5

7FV 7 V37 6E5V 6E56 6S18
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U- ~:'~ V_ Y£fFX 7S48

6..3 81 4 6W35 6 81 81 Y', 9 6 8E2'l P ,I
i 3 8-441 8q.": 8.,:4 61434
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Table S-46 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION. CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980, 2000, AND 2020

UPPER MISSOURI SUBBASIN

AdjustmentI Ifor
Reervoin Adjusted Land U-- Projected Land Use Projected land Use Projected

Land and Curet Assumed Current Change 1980 Csanle 2000 Change 2020
Water Use Nmal in Place Normal CN-1 980 Bal 9802o0 Bae 2000.20 Bas

(l1bousad Acres)

Agricultural Land 50.382 0 50.382 -41 50S.341 -60 50,281 -85 50,1%Irrigated Cropland ( 953) ( o) ( 953) -3 )  ( 950) -3) ( 947) .1) ( 946)
Non-irrigated

Cropland ( 9,757) ( 0) ( 9.757) (-11) ( 9.746) (-36) ( 9.730) (46) ( 9.684)
Pasture & Range (25,522) ( 0) (25.522) (-22) (25,50f" (-37) (25.463) (-20) (25.443)
Forest & Woodland ( 1.964) ( 0) (1.964) ( 4) ( I.%0) ( -3) ( 1.957) (-7) ( 1.940)
Other Ag. Land ( 254) I 0) ( 254) (-I) ( 253) (-1) 1 252) (-1) ( 251)
Federal Ag. Land (11,932) (0) (11,932) ( 0) (11.932) ( 0) (11.932) ( 0) (11.932)Miscellaneous (50111 0() 0 ) (O) 0 ) 0) 0 ) 0O) 0 )

Recreation 519 0 519 0 519 0 519 0 519
Fish & Wildlife 142 I 0 142 0 142 0 142 0 142
Other 1,250 I 0 1,250 +41 3.291 +60 1.351 +85 1.436
Water 670j 0 670 0 670 0 670 0 670

Total 52.%3 j 52,963 - 52.963 - 52,963 -- 52.963

Includes land u'sed for transportation, urban. built.up. mineral, military, and agricultural land destroyed by golly erosion.

Table S-47 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION, CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980, 2000, AND 2020

YELLOWSTONE SUBBASIN

TAdjustment
I for
[ Reservoirs Adjusted Land Use Projected Land Use Projected Land Use Projected

Land and Current I Absumed Current Change 1980 Change 2000 Change 2020
Water Use Normal In Place Normal CN-1980 Base 1980-2000 Base 2000-2020 Base

(Thousand Acres),
Agricultural Land 43.152 0 43.152 -68 43.084 -114 42.970 -176 42.794

Irrigated Cropland ( 1.1031) ( 0) 1,031) (_30) (1.021) ( -16) (1.005) 46) ( 959)
Non-Irrigated

Cropland (2.343) ( 0) (2,343) (-8) (2,335) -30) (2.305) 1-15) (2,290)
Pature& Range (24,333) ( 0) (24.333) (-48) (24.285) ( -63) (24,222) (-101) (24.121)
Forest & Woodland 1,550) ( 0) ( 1,550) ( -2) 1 1,548) ( -5) (1,543) ( .13) ( 1.530)
Other Ag. L.and ( 91) ( 0) t 91) ( 0) 1 91) 1 0) 4 91) ( -1) ( 90)
Federal Ag. Land (13.804) ( 0) (13.804) (0) (13.804) 1 0) (13.804) ( 0) (13.804)
Mi..cellaneous ( 0) ( 0) 0) 0) 0) 1 0) 0) ( ) 1 0)

Recreation 1.408 0 1.408 0 1.408 0 1.408 0 1,408
ish & Wildlife 31 0 31 0 31 0 31 0 31
OtherI  264 0 264 +68 332 +114 446 +176 622
Water 345 0 345 0 345 0 3 0_345

Thtal 45.200 . 45,200 -. 45.200 - - 45.200 -. 45.200

IIncludes land umed for transportation, urban. built-.p, nineral, military, and agricultural land destroyed by gully ero.sion.

S.42



Table S-48 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION, CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980,2000, AND 2020

WESTERN DAKOTA SUBBASIN

Adjumentl
Reservoirs IAdjusted ILand Use Projected Land Use Projected Land Use Projected

Land and Current Assumed J Current Change 1980 Change 2000 Change 2020
Water Use Nosmal in Place ] Normal CN-1980 Base 1980-2000 Base 2000-2020 Base

(Thouiand Acres)
Agricultural Land 47.289 0 47.289 48 47.241 -77 47.164 -109 47.055

Irrigated Cropland ( 198)1 ( 0) I 198) (0) ( 198) (-2) ( 196) ( -2) ( 194)
Non-irrigated 9

Cropland ( 9.097) ( 0) (9.097) (-12) ( 9.085) (-13) ( 9.072) ( -23) ( 9049)
Pature& Range (31.6'[7) ( 0) (31.677) (31) (31.646) (-52) (31.594) ( -73) (31,521)
1oret & Woodland 977) 1 0) ( 977) ( 4) ( 973) ( -7) ( 966) ( -6) ( %0)
Other Ag. Land 209)! (0) ( 209) ( -I) ( 208) ( -3) ( 205) (-5) ( 200)
Federal Ag. Lind 5.13 1)j ( 0) (5.131) ( 0) (5.131) ( 0) (5.131) ( 0) (5.131)
Mis cellaneot% 0)) (0) 0 0) (0) ( 0) (0) ( 0) (0) ( 0)

Recreation 334 0 334 0 334 0 334 0 334
Fish & Wildlife 92 0 92 0 92 0 92 0. 92
Other I  1.169 0 1.169 +48 1,217 +77 1.294 +109 1,403
Water 472 0 472 0 472 0 472 0 472

Total 49,356 - 49.356 . 1 49.356 - - 49.356 -- 49.356

I Includes land used for transportation, urban. built.up, mineral, military, and agricultural land destroyed by gully erosion.

Table S-49 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION, CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980,2000, AND 2020

EASTERN DAKOTA SUBBASIN

AdjustmentI
for

Reservoirs Adjusted Land Use Projected Land Use Projected Land Use Projected
Land and Current Assumed Current Change 1980 Change 2000 Change 2020

Water Use Normal In Place Normal CN-1980 Base 1980-2000 Base 2000-2020 Base
Ac ousand Acres)

Agricultural Land 341399 0 341399 -76 348323 -136 34.187 -184 34.003Irrigated Cropland ( 119) ( 0) ( 119) (-1) ( 118) (' -1) ( 117) -2 ( 115)
Non-irrigated

Cropland (20,889) (0) (20,889) (-51) (20,838) ( -98) (20740) (-143) (20,597)
Pasture & Range (12,547) (0) (12.547) (-22) (12,525) ( -33) 112,492) (-32) (12,460)
Forc,.t&Woodland ( 211) (0) ( 211) ( -I) ( 210) ( -I) 1 209) ( -2) ( 207)
Oilier Ag. Land ( 594) ( 0) 1 594) ( -1) ( 593) ( -3) ( 590) ( -5) ( 585)
Federal Ag. Land 1 39) ( 0) 1 39) ( 0) ( 39) ( 0) 1 39) 1 0) 1 39)
Micellaneou,, ( 0) ( 0) ( 0) ( 0) ( 0) I 0) ( 0) ( 0) ( 0)

Recreation 38 0 38 0 38 0 38 0 38
Fish & Wildlife 162 0 162 0 162 0 162 0 162
Other 1  1,802 0 1,802 +76 1,878 +136 2,014 +184 2,198
Water 902 0 902 0 902 0 902 0 902

Total 37,303 -- 37,303 "- - 37.303 -. 37.303 1 . 37.303

I ncludes land used for transportation, urban, built-up, mineral, military, and agricultural land destroyed by gully erosion.

S.43
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Table S-50 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION. CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980,2000, AND 2020

PLATTE-NIOBRARA SUBBASIN

T7
for 1I

Resli"as Adjusted Land Use Projected Land Use Projected Land Use Projected
Land and Current Aimmed Cwet Chang4e 1980 Cha3nge 2M0anee d 02

Watler Use Normal in Place Normal CN-1980 Bae 1980-2000 Base 2000-2020 Base

(Thousand Acres)
Apicultural Land 60.767 I -6 60.781 -245 60.536 -463 60.073 -736 59.337

Irrigated Cropland (2.784) ( 0) (2.784) ( -37) (2.747) (-76) 1 2.671) (-125) (2.546)
Non-irrigated

Cropland (12.850) ( 0) (12.850) ( -90) (12.760) (-169) (12.591) (-266) (12.325)
Pasture& Range (35.147) ( -6) (35.141) (-109) (35.032) (-192) (34.840) (-280) (34.560)
Forest & Woodland ( 1.936) (0) ( 1.936) ( -6) ( 1.930) ( -20) (1.910) ( -50) ( 1.860)
Other Ag. Land ( 621) ( 0) ( 621) ( -3) ( 618) ( -6) ( 612) 1 -15) ( 597)
'cdcral Ag. Land ( 7,449) ( 0) ( 7.449) ( 0) ( 7.449) ( 0) (7.449) ( 0) ( 7.449)

Miwellancous ( 0) (0) ( 0) 0) ( 0) ( 0) ( 0) (0) ( 0)
Recreation 377 0 377 0 377 0 377 0 377
Fih & Wildlife 220 0 220 0 220 0 220 0 220
OtherI  1,637 0 1,637 +245 1.882 4463 2.345 +736 3.081
Water 654 +6 660 0 660 0 660 0 660

Total 63.675 63.675 - 63,675 63.675 L "" 63,675

I Includes land used for transportation.- urban, built-up, mineral, military. and agricultural land destroyed by gully erosion.

Table S-51 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION, CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980,2000, AND 2020

MIDDLE MISSOURI SUBBASIN

__________ Adtet - ____ ____ ____ ___-I

forII
I Reservoirs Adjusted Land Use Projected Land Use Projected Land Use Projected

Land and Current I Assumed I Current Change 1980 Change 2000 Change 2020
Water Use Normal J In Place j Normal CN-1980 Base 1980-2000 Base j2000-2020 Base

(Thousand Acres)
Agricultural Land 14,901 0 14,901 -164 14.737 -325 14,412 -411 14.001

Irrigated Cropland ( 103) ( 0) ( 103) ( -2) ( 101) ( -I) ( 100) ( -2) ( 98)
Non-irrigated

Cropland (11.116) ( 0) (11.116) (-127) (10.989) (-286) (10.703) (-355) (10.348)
Pasture & Range ( 2,485) ( 0) (2,485) ( -23) (2,462) (-22) ( 2,440) -20) 2.420)
Foreit& Woodland 1 631) 1 0) ( 631) ( -7) ( 624) ( -9) ( 615) (-13) 612)
Other Ag. L.and ( 447) ( 0) ( 447) ( -5) ( 442) ( -7) ( 434) 1-21) 413)
Federal Ag. Land ( I) 0) ( i) 1 0) ( 1) 0) ( I) ( 0) I)
Miscellaneous ( 118) 1 0) 1 118) ( 0) ( 118) ( 0) 1 118) ( 0) 118)

Recreation 37 0 37 0 37 0 37 0 37
Fish & Wildlife 25 0 25 0 25 0 25 0 25
Other1  608 0 608 +164 772 +325 1,097 +411 1,508
Water 174 0 174 0 174 0 174 0 174

Total -15,745 • - 15.745 1 - 15745 -- 15.745 • • 15,745

II

I Includes land used for transportation, urban. built-up, mineral, military, and agricultural land destroyed by gully erosion.
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Table S-52 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION, CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980.2000, AND 2020

KANSASSUBBASIN

Adjustment
for

Reservoirs Adjusted Land Use Projected Land Use Projected Land Use Projected
Land and Current Assumed Current Change 1980 Change 2000 Change 2020

- Water Use Normal In Piace Normal CN-1980 Base 1980-2000 Base 2000-2020 Base
(Thouiand Acres)

Agricultural Land 37.182 -97 37.085 -93 36.992 -171 36.821 -233 36.588
IrrigaledCropland ( 1.703) (-3) (1.700) -3) (1.697) ( -2) 1 1.695) ( -5) (1,690)
Non-irrigated

Cropland (20.638) (-51) (20.587) (-49) (20.538) (-124) (20.414) (.174) (20.240)
Pasture& Range (13.619) (-30) (13.589) (-29) (13.560) ( -39) (13.521) I -41) (13.480)
Forest & Woodland ( 597) ( -9) ( 588) ( -8) ( 580) ( -I) ( 579) ( -9) ( 570)
Other Ag. Land ( 552) ( -4) ( 548) ( 4) ( 544) ( -5) ( 499) ( -4) ( 495)
Federal Ag. Land 69) ( 0) 69) ( 0) ( 69) ( 0) ( 69) ( 0) ( 69)
Miscellaneou ( 4) (0) ( 4) (0) ( 4) (0) ( 4) 0) ( 4)

Recreation 36 0 36 0 36 0 36 0 36
Fish & Wildlife Is 0 Is 0 15 0 is 0 I5
Other I  1.307 0 1.307 +93 1.400 +171 1.571 +233 1.804
Water 336 +97 433 0 433 0 4 3 0 433

Total J 38.876 38.876 -. 38.876 . 38.876 38.876

I Includes land used for transportation, urban, built.up, mineral. meilit:ry, ad agricultral land destroyed by gully erosion.

Table S-53 - CHANGES IN LAND USE AND LAND BASE WITHOUT PLAN IMPLEMENTATION, CURRENT
NORMAL AND ADJUSTED CURRENT NORMAL, WITH PROJECTIONS FOR 1980, 2000, AND 2020

LOWER MISSOURI SUBBASIN

T Adjustment for_!

Reservoirs Adjusted Land Use Projected Land Use Projected Land Use Projected
Land and Current Assumed Current Change 1980 Change 2000 Change 2020

Water Use Normal In Place Normal CN-1980 Base 1980-2000 Base 2000-2020 Base
(Thousand Acres)

Agricultural Land 24.300 -267 24.033 -287 23.746 -588 23.158 -909 22.249
Irrigated Cropland ( 5) ( 0) ( 5) ( 0) ( 5) (0) 5) t 0) ( 5)
Non-irrigated

Cropland (10.203) (-143) (10.060) (-154) (9.906) (-369) (9.537) (440) ( 9.097)
Pattire& Range ( 7.334) ( -58) ( 7.27) ( .64) (7.212) (-96) (7.11,) (-275) ( 6.841)
Forest & Woodland ( 5.788) ( -60) ( 5,728) ( .62) (5,666) (-97) (5.569) (-138) ( 5.431)
Other Ag. Land ( 793) ( -6) ( 787) ( -7) ( 780) 1 -26) 754) ( -56) ( 698)
Federal Ag. Land ( 177) ( 0) ( 177) ( 0) 177) ( 0) 177) ( 0) ( 177)
,Ntiscllaneoun I 0) ( 0) 0 0) I 0) 1 0) ( 0) I 0) 0(0) ( 0)

Recreation 65 0 65 0 6S 0 65 (1 65
Fish & Wildlife 51 (151 51 0 51 0 51
Other I  708 0 708 4287 995 I5s 1.583 .t909 2,492
Water 266 +267 533 0 533 533 _) 533

Total 25,390 . 1 25,390 •. 25.390 -, 25.390 25,390

I includes la id uwed for I rtlnpot tatinu. irban*u il-u p. n lireral. it Hilary, and agricul ltrii lauid desiro d b gully eroiol,
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Table S-54 - AGRICULTURAL LAND USE BY CAPABILITY CLASSES AND SUBCLASSES
UPPER MISSOURI SUBBASIN

LAnd Capability Patr Foret J Ibm aw andad Other A&l
Su_ lms Cropland Woodland Land Tol

(Thousand Acres)

II 1,906 739 28, 26 2,699
E 1,544 523 18 19 2.104
W 16 9 1 0 26
S 307 51 8 7 373
c 39 156 1 --- 196

III 6,780 4.746 61 84 11,671
h 5,143 3,744 31 61 8,979
W 63 265 2 1 331
S 1,574 737 28 22 2.361
C ... ............

IV 1,367 2,963 50 20 4,400
E 666 986 37 5 1,694
W 21 52 --- 0 73
S 680 1.925 13 15 2,633
C .-- ---.........

V 1 200 27 2 230
E ...........

W 1 200 23 2 226
S ...... 4 --- 4
C --- ..... ..

VI 625 13,668 971 45 15.309
E --- 50 I --- 51
W 10 216 I 228
S 615 13,402 969 44 15,030
C . . . . . .. . .. . .. . .

VII 31 3,149 803 4 3.987
E 2 1,603 675 4 2,284
W .....

S 29 1,546 128 .-- 1.703
C ... ..........

VIII - -. 57 24 73 154
I E ... ... ... .....
W ... ... ... I I

S - - 57 24 72 153
C ... ..............

Subtotal by
Subclasses

NPI . . ... ...
E 7,355 6,906 762 89 15.112
W 111 742 27 5 885
S 3,205 17,718 1,174 160 22,257
C 39 156 I .-. 196

Total Land
Capability Classes 10,710 25,522 1,964 254 38,450

Land Capability Class I lands have few limitations for agricultural use.
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Table S-54 (Continued) - YELLOWSTONE SUBBASIN

Landl Capability J w m Pastur Forest .A
CUaand Oi am OnA
Subclasses Cplan Rane Woodland Land Total

(Thusand Acres)1I 127 11 1 3 142

II 725 400 29 10 1,164
I' 577 321 24 6 928
W 18 4 I 1 24
S 104 58 4 3 169
C 26 17 .- - 43

I11 1,531 1,890 24 19 3.464
" 1,150 1.473 15 11 2,649

W 63 23 3 I 90
S 318 394 6 719
C .... 6 6

IV 720 2.220 36 13 2,989
l" 282 1.429 15 6 1.732
W 2 5 --- 1 8
S 414 643 15 5 1.077
C 22 143 6 1 172

V 7 54 4 1 66
1': ... ... ... .....

W 7 37 4 I 49
S -.- 17 ...... 17
C ... .........

VI 241 11,168 557 20 11.986
C 28 2,783 126 6 2.943
W 20 191 37 1 249
S 193 8,193 394 12 8.792
C --- I -.. 1 2

VII 21 6,955 776 4 7.756
E -.. 1,249 302 1 1,552
W ...............

S 21 5,706 474 3 6,204
C ... ............

VIII 2 1,635 123 21 1.781
L -. 236 54 - 290
W --- 19 -. I 20
S 2 1.380 68 20 1,470
C ... ... I I

Subtotal by
Subclasscs

NPI  127 11 i 3 142
E 2.037 7,491 536 30 10,094
W 110 279 45 6 440
S 1,052 16.391 961 44 18,448
C 48 161 7 8 224

Total Land
Capability Clasics 3,374 24,333 1,550 91 29,348

I Land Capability Class I lands have few limitations for agricultural use.
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Table S.54 (Continued) - WESTERN DAKOTA SUBBASIN

Clse ada II taA

Subcluss C pled rup . Woodad WA Told
Cnmoind Aclie)

I1 32 --- 32

I1 1,410 641 77 9 2,137
E 339 152 29 2 522
W 30 75 5 1 111
S 99 71 1 I 172
C 942 343 42 5 1,332

III 4.821 3,403 58 34 8,316
E 3,025 1,775 45 18 4,863
W 34 129 3 --- 166
S 1,346 1.050 8 10 2,414
C 416 449 2 6 873

IV 1,925 5,866 53 23 7,867
E 833 2,070 32 8 2,943
W 10 105 10 1 126
S 1,072 3.532 11 12 4,627
C 10 159 2 171

V 24 S60 "57 3 644
C ....... ...
W 9 393 33 1 436
S 15 167 24 2 208
C ...............

VI 956 13,123 144 16 14,239
E 519 6.704 91 12 7,326
W 2 12 1 15
S 435 6,407 52 4 6,898
C ...... ... ... ...

VII 127 8,039 583 40 8,789
E 28 3,693 100 32 3,853
W 1 37 ...... 38
S 98 4,309 483 8 4,898
C ... ..-

VIII - - 45 5 84 134
E ... 40 3 30 73
W .-. 1 2 3
S -. 4 -. 54 58
C ... ...... ...

Subtotal by
Subclasses

NPI 32 .... ... 32
E 4,744 14,434 300 102 19,580
W 86 752 54 3 895
S 3,065 15,540 579 91 19,275
C 1,368 951 44 13 2,376

Total Land
Capability Classes 9,295 31,677 977 209 42,158

Land Capability Class I lands have few limitations for agricultural use.
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Table S-54 (Contin jed) - EASTERN DAKOTA SUBBASIN

Land Capability Pasture Forest
Classes and and and Other Ag.
Subclasses Cropland Range Woodland Land Total

(Thousand Acres)
1 653 48 5 27 733

iI 11,908 3,285 121 270 15,584
5,611 1,787 56 137 7.591
409 112 3 12 536

S 775 240 3 11 1,029
C 5,11S 1,146 59 110 6.428

212 6,375 3,416 34 98 9,923
E 3,675 1,746 16 60 5.497
W 206 452 2 1 661
S 2,494 1,215 16 37 3.762
C ... 3 ...... 3

IV 955 728 13 13 1.709
E 134 116 2 1 253
W 732 450 7 12 1.201
S 89 162 4 - 255
C ...... .......

V 289 913 18 6 1,226
E ... ... --- ...

W 247 753 14 6 1.020
S 42 80 4 --- 126
C --- 80 .. 80

VI 814 3,392 12 40 4,258
E 400 1,777 7 18 2.202
W ... ...

S 414 1,615 5 22 2.056
C ... ..........

VI 14 765 8 2 788
E 12 596 6 1 615
W --- 3 ..... 3
S 2 166 2 .-. 170
C ..............

VIII ... 2... 139 139
E ....... I I
W ... ...... 138 138
S ... ..........

C ... .........

Subtotal by
Subclasses

NPI 653 48 5 27 733
" 9,832 6,022 87 218 16,159
W 1,594 1,770 26 169 3.559
S 3,816 3,478 34 70 7,408
C 5,113 1,229 59 110 6,511

Total Land
Capability Classes 21,008 12,547 21 594 34,360

ILand Capability Class I lands have few limitations for agricultural use.
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Table S-54 (Continued) - PLATTE-NIOBRARA SUBBASIN

Land Capability I Pasture Forest
Class and and ad Other A.
Subclasses Cropland Range Woodland Land Totl

(housand Acres)
I' 1,314 86 6 33 1.439

II 4,168 959 71 149 5.347
E 2,899 419 35 102 3.455
W 398 436 27 6 867
S 178 4 --- 2 184
C 693 100 9 39 841

III 5,207 2.338 102 149 7.796
E 4.405 1.714 64 135 6.318
W 212 409 28 3 652
S 221 76 6 3 306
C 369 139 4 8 520

IV 3,326 4.320 97 60 7,803
E 2,604 3,559 65 49 6.277
W 32 89 9 1 131
S 178 203 16 5 402
C 512 469 7 5 993

V 13 249 20 1 283
E ....... ...

W 13 248 20 I 282
S .-- I ......

C ... ..........

VI 1,325 10,497 384 56 12,262
E 1,111 8,980 215 48 10,354
W 35 225 33 2 295
S 170 1.223 108 6 1,507
C 9 69 28 -.. 106

VII 278 16,409 927 45 17,659
E 206 11,666 503 25 12,400
W 15 8 ...... 23
S 57 4,734 423 20 5.234
C ... I 1 2

VIII 3 289 329 128 749
E ... 194 211 102 507
W 3 79 118 17 217
S .-. 16 --- 9 25

X, C ... .........
Subtolal by
Subclasses

NPI 1.314 86 6 33 1,439
1. 11,225 26.352 1,093 461 39,311
W 708 1.494 235 30 2.467
S 804 6,257 553 45 7,659
C 1.583 778 49 52 2,462

Total Land
Capability Classes 15,634 35,147 1,936 621 53,338

1Land Capability Class I lands have few limitations for agricultural use.
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Table S-54 (Continued) - MIDDLE MISSOURI SUBBASIN

Land Capability I Pasture Forestj
Classes and and and j Other AS.
Subclasses Cropland Range Woodland Land Total

(Thousand Acres)
1I 1,091 113 55 40 1.299

I1 3.803 613 73 153 4.642
!" 2.397 227 25 118 2.767
W 1,264 372 46 30 1.712
S 119 10 I 4 134
C 23 4 I I 29

11 4,727 680 95 166 5,668
E 4.094 586 59 127 4.866
W 483 78 32 30 623
S 69 8 I 6 84
C 81 8 3 3 95

IV 1,171 339 55 36 1.601
E 1.128 324 55 35 1.542
W 35 11 ..- 1 47
S 8 4 ... 12
C ... .........

V 41 103 9 9 162
I ......... I

W 40 103 9 9 161
S -.. ........

C .. .........

VI 314 451 165 21 951
. 292 374 95 17 778
W 16 61 68 4 149
S 6 16 2 ..- 24
C ... ...

VII 72 185 174 20 451
1. 00 136 138 13 347
W ... ........ ...

S 12 49 36 7 104
C' ... .... .... ...

VIII -.- I 5 2 8

W ... I S 2 8
S .. -..........

C ... ...

Subtotal by
Subclas,,

NP 1,091 113 55 40 1,299
F 7.972 1,647 372 310 10,301
W 1.838 626 160 76 2.700
S 214 87 40 17 358
C 104 12 4 4 124

Total Land
Capability Cklavc% 11.219 2,485 631 447 14,782

I Land Capability Cha, I Imud have few limitations for agricuttural me.
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Table S-54 (Continued) - KANSAS SUBBASIN

Laud Capaqity Pagre F--t
Classe and and and Odl AS.

Sabdawnes cI plaw R Woodlamd Lad Total
(Tosand Aevei)1i 1.331 241 64' 29 1.665

II 6.620 729 49 142 7,540
E 3.906 370 4 83 4.363
W 328 1O8 39 10 485
S 288 35 3 3 329
C 2,098 216 3 46 2.363

II1 9,233 2.437 66 162 11,898
E 8,142 2.185 45 151 10.523
W 241 57 20 8 326
S 118 48 i I 168
C 732 147 --. 2 881

IV 2,676 1,626 28 53 4.383
E 2,404 1,409 27 48 3,888
W 29 34 I 4 68
S 10 61 -.. I 72
C 233 122 ... - 355

V 3 17 7 -- 27
E ....... ---...

W 3 17 7 ... 27
S ... --.........

C .............

VI 2,320 6,534 197 122 9,173
E 2,256 6,300 52 112 8,720
W 43 162 143 9 357
S 21 72 2 1 96
C ... ...........

VII 157 2,029 184 21 2,391
E 110 1,458 176 16 1,760
W 21 22 5 -. 48
S 26 549 3 5 583
C ... ...... .....

ViII I 6 2 23 32
E ......... 17 17
W I 6 2 3 12
S ......... 3 3
C ......

Subtotal by
Subclasses

NP!- 1,331 241 64 29 1,665
E 16,818 11,722 304 427 29,271
W 666 406 17 34 1,323
S 463 765 9 14 1,251
C 3,063 485 3 48 3,599

Total Land
Capability Classes 22,341 13,619 597 552 37.109

Land Capability Class I lands have few limitations for agricultural use.
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Table S.54 (Continued) - LOWER MISSOURI SUBBASIN

Land Capability 11 sture Forest 1
Cla,.. and and anid Other Ag.
Subdasses Cropland . Ranp Woodland Laid Total

-(Thousand Acres)11 643 135 174 37 989

i 2.371 1.008 418 139 3.936
E 1.140 580 80 95 1.895
W 1.175 406 334 42 1.957
S 56 22 4 2 84
C ...............

ii1 4,797 2.654 752 313 8.516
E 3.872 2,417 579 262 7,130
W 848 174 134 46 1.202
S 77 63 39 5 184
C ... ..........

IV 1.378 1.373 929 136 3.816
E 1,313 1.313 885 1i8 3,639
W 5 4 ... 9
S 60 56 44 8 168
C .............

V 9 28 27 2 66

W 9 28 27 2 66
S ......

C .--- ..........

VI 629 1,367 823 91 2.910
E 565 1.241 712 83 2.601
W 32 50 29 I 112
S 32 76 82 7 197
C ... ...

VII 378 760 2,634 72 3.844
E, 189 458 770 28 1.445
W ... ...

S 189 302 1,864 44 2.399
C ... .......

Vll 3 9 31 3 46
1". ... ... ... ... ...

W ... .. .. 
S 3 9 31 3 46
c ........... ...'

Subtotal by
Stibclasses

NPI 643 135 174 37 989
1 7,079 6.009 3.026 596 16.710
W 2.069 662 524 91 3.346
S 417 528 2.064 69 3.078
C . . .. . .. ._ _

Total Land
Capability Claes 10,208 7,334 5,788 793 24,123

L iand Capability Clas I lands have few limitations for agricultural use.
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Table S-54 (Continued) - MISSOURI BASIN

Im aaili uw FongOtu~.
Subdaue Ctoplad _ _ _ _ _ _ _ _o WWI_ Toldsa ... ________ Aoo.,, Lad To,-'

I (r1owee Acre)
5,191 634 305 169 6.299

II 32.911 8.374 866 898 43,049
E 18.413 4,379 271 562 23,625
W 3,638 1,522 456 102 5,718
S 1.926 491 24 33 2.474
C 8,934 1,982 115 201 11.232

Iii 43.471 21,564 1,192 1.025 67.252
E 33.506 15.640 854 825 50.825
W 2,150 1,587 224 90 4.051
S 6,217 3.591 105 85 9,998
C 1,598 746 9 25 2,378

IV 13.518 19.435 1.261 354 34.568
E 9,364 11,206 1,118 280 21.968
W 866 750 27 20 1,663
S 2,511 6.586 103 46 9,246
C 777 893 13 8 1,691

V 387 2,124 169 24 2,704
E --. ---.......

W 330 1,779 137 22 2,268
S 57 265 32 2 356
C - 80 ... --- 80

VI 7,224 60,200 3,253 411 71,088
E 5,171 28,209 1,299 296 34,975
W 158 917 312 18 1,405
S 1,886 31,004 1,614 96 34,600
C 9 70 28 I 108

VII 1,078 38,291 6,089 207 45,665
E 607 20.859 2,670 120 24,256
W 37 70 5 --- 112
S 434 17,361 3,413 87 21,295
C .- I I ... 2

VIii 9 2,042 519 473 3,043
I: -. 470 268 150 888
W 4 106 127 162 399
S 5 1,466 123 161 1,755
C .-. ... I ..- I

Subtotal by
Subclases

NPI 5.191 634 305 169 6,299
E 67,061 80,763 6.480 2,233 156,537
W 7,183 6,731 1.288 414 15,616
S 13,036 60.764 5.414 510 79,724
C 11,318 3,772 167 235 15.492

Total Land
Capability Class.es 103789 1 52,664 13,654 3,561 273,668

I Land Capability Class I lands have few limitations for agricultural use.
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CHAPTER 1

INTRODUCTION

PURPOSE the available water supply. from the standpoint of both
quantity and quality, and to insure consistency of final

Hydrology, the science which treats of water, its plans with the available water supply and with estab-
properties, phenomena, and distribution, must be a basic lished standards of water quality.
consideration in development of any plan for water and Hydrologic data as assembled are voluminous, and the
related land resources development. It becomes of analyses performed are numerous and varied. It is not
especial significance in the Missouri River Basin because practicable to present all of this material in detail in this
of the basin's large size and the great variation in appendix. Summaries of data are in enoug' detail for an
hydrologic characteristics encounte;ed in this large area. understanding of the Missoui River Basin's hydrology:

This appendix has been prepared as part of the analyses are described in enough detail to permit
Report on the Comprehensive Framework Study for the understanding of the procedures used, and the results of
Missouri River Basin. It describes the hydrologic studies these analyses are summarized.
undertaken for framework planning, and it summarizes Hydrologic data ascmo'ed- and analyses performed
the results of those studies. are presented in detail in a 1;ries of working papers

which have not been incorporated in the appendix.
SCOPE Working papers prepared in connection with- the hy-

The Comprehensive Framework Study for the Mis- drologic studies are listed in table I.
The reliability of hydrologic analyses is particularlysouri River Basin involves an evaluation of the basin's sniiet h dqayo ai aaaalbe

current (1970) physical, economic, and water and
related land resources development; projections of eco- Accordingly, an evaluation has been made of existing

data collection programs, needs for expansion of thesenomi deelomentto ear 198,200, nd 220;and have been defined, and needs for research in connection
an evaluation, for each of these three future years, of the h cectin and ns o yd rc dt havecbeen

needs and development opportunities associated with
water and related land resources. It involves also the determined. Data collection and' research needs, in

connection with hydrology as well as other purposes, areformulation of framework plans for water and related surizdnthCopeeivFamwkSuy

land resources development in 1980, 2000, and 2020,

each designed for optimum satisfaction of then-existing report.

needs and for optimum realization of then-existing
development opportunities. ACKNOWLEDGEMENTS

The hydrologic studies involved primarily the deter-
mination of the quantity, quality, and location of both This appendix has been prepared and the studies it
the surface-water supply and the ground-water supply of describes have been performed by the Hydrologic Work
the Misso,,ri River Basin under several conditions of Group and its member task forces. The place of this
water and related land resources development. Analyses work group and its task forces in the overall organizalton
were made on the basis of historical water use and avail- established to conduct the comprehensive framework
ability, and on tie basis of water and related resources study is illustrated by the organization chart shown as
development as it can be foreseen for 1970. Finally, figure I. This figure also lists the membership of the
framework plans as initially developed for 1980, 2000, work group and its several task forces, and indicates the
and 2020 were analyzed to determine their effects on States and agencies they represent.



Table 1 - LIST OF WORKING PAPERS PREPARED BY THE HYDROLOGIC WORK GROUP

Selected Climatic Maps

Multi-Annual Precipitation Probabilities for Each of Eight Subbasins. the Total Missouri River Basin. and the Basin Above X City
(9 volumes)

Precipitation Probabilities. l.evels, and Durations. Missouri River Basin. 1. 2.4. and 8 Weeks.
Snow Survey and Soil Moisture Data

Infiltration Data, Missouri River Basin
Evaporation Estimates. Missouri River Basin

Analysis of Freeze-Thaw Dates, Missouri River Basin Streams
Sedimentation. Eight Subbasins (8 volumes)

Streamflow Characteristics, Eight Subbasins and the Missouri River Main Stem (9 volumes)
Generalized Streamflow Probzbilities, Ihigh Flows for Eight Subbasins. the Itigh Altitude Snow Region and thle Plains Snow Region

(10 volumes)
hligh-Flow Volume-Frequency Curves for Eight Subbasins and the Missouri River Main Stem (9 volume-)
Low-Flow Volume-Frequency Curves, Lower Missouri River Tributaries

Generalized Estimates of Mean Annual Runoff in Inches (Map)
Monthly Streamflow Tables and Depletion Estimates for Eight Subbasins and the Missouri River Main Stem, 1970 Level (9 volumes)
Map of General Availability of Ground Water and Depth to Water Level in the Missouri River Basin
Ground-Water in the Missouri River Basin (12 maps with associated text)
Selected Bibliography. Ground-Water tydrology

Quality Characteristics of Streams in the Missouri River Basin
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CHAPTER 2

BASIN DESCRIPTION

The Missouri River Basin has an area of 529,3001 central Kansas and a small part of south-central
square miles, including about 9,700 square miles in Nebraska; an area of broad intervalley fluvial-plain
Canada. That part within the United States includes all remnants in northwestern Kansas, extreme northeastern
of the state of Nebraska and parts of the states of Colorado, extreme southeastern Wyoming, and most of
Montana, Wyoming, North Dakota, South Dakota, Nebraska; a late-mature to old elevated plain in part of
Minnesota, Colorado, Iowa, Kansas, and Missouri. northeastern Colorado; an area of maturely dissected

The basin is entirely within the continental interior, domed mountains in the Black Hills area of south-
everywhere at a substantial distance from any seacoast western South Dakota and northeastern Wyoming: an
and from any major source of atmospheric moisture. It area of unglaciated old plateaus, terrace lands, local
extends over a substantial range of both latitude and badlands, and isolated mountains in northwestern South
longitude, from about 370 to about 500 north latitude Dakota, southeastern and south-central Montana, and
and from about 900 to about 1140 west longitude. The extreme southwestern North Dakota; and an area of
basin size and its great expanse are both major factors in glaciated old plateaus and isolated mountains in north-
its varied hydrologic characteristics, eastern Montana and northwestern and south-central

North Dakota.

PHYSIOGRAPHY The rest of the Missouri River Basin. along its western
edge, is within the Rocky Mountain System. North-
central Colorado and part of southeastern Wyoming lie

The Missouri River Basin extends into three major in the Southern Rocky Mountains province. Part of
physiographic divisions - the Interior Highlands, tile northwestern Wyoming lies in te Middle Rocky Moun-
Interior Plains, and thle Rocky Mountain System. The tains province. Both are areas of complex mountains and
basin's physiography, accordingly, exhibits a great deal intermontane basins. Western Montana lies in the
of variety, in both physiographic features and the effect Northern Rocky Mountains province, an area of deeply
of these features on the basin's hydrology. dissected mountain uplands and intermontane basins.

In the extreme southeastern part of the basin, in South-central Wyoming and part of northwestern Colo.
southeastern Missouri, a comparatively small part lies in rado lie in the Wyoming Basin province, an area of
the Ozark Plateaus province of the Interior Highlands. elevated plains in various stages of erosion. with isolated
Characteristic of submature to mature plateaus, this is an low mountains.
area of rugged ridges and valleys. Major physiographic divisions, provinces, sections.

The greatest part of the basin, by far, lies in the and subsections within the Missouri River Basin are
Interior Plains Division. The Central Lowlands province depicted in figure 2.
of this division includes an area of old scarped plains
with well entrenched main streams in east-central Kansas
and southwestern Missouri; an area of submatturely to TOPOGRAPHY
maturely dissected till plains in northeastern Kansas,
northern Missouri, southern and western Iowa, and
extreme eastern Nebraska; and a young glaciated plains Most of the Missouri River Basin is plains country, a
area of moraines, lakes, and lacustrine plains in eastern large part of it originally grassland. Gently undulating in
South Dakota, eastern and noith-central North Dakota, places and elsewhere table.like over great distances, the
and southwestern Minnesota. plains stretch nearly 800 miles from the Canadian border

The Great Plains province of the Interior Plains to the southern margin of the basin, and from the Rocky
includes a submaturely to maturely dissected plateau in Mountains eastward to the Mississippi River. Ilete and

there the plains are interrupted by ribbons of hill lands
I lhis includes about 6,300 square miles in the Red Desert which have been dissected along tile valleys of the major
closed basin area and other noneontritu ting areas near the
basin divide, streams.
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FIGURE 2
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their outcrop, however, even including an area in South Unlike the Paleozoic rocks, those of Mesozoic age
Dakota where they are mantled by a thin veneer of include no dolomite and little limestone. They do
glacial deposits, is only about 21,000 square miles. include some redbeds, however, in the lower part of the
slightly less than 4 percent of the basin area. The sequence. Much of tile sequence consists of shale. shaly
outcrops. -which occur in South Dakota. Colorado, sandstone, and sandstone deposited mostly in a marine.
Wyoming, and parts of Montana. consist of igneous and but some in a continental, environment. Limestone and
metamorphic rocks crisscrossed by dikes. Granite, gneiss. chlk occur only in tie upper part of the sequence and
sclist. and quartzite are the most common rock types. are limited to the eastern and southern parts. of the
Relatively little is known about the pre-Paleozoic rocks overall areal extent of Mesozoic rocks.
where they are deeply butied, since exploratory drilling Rocks of Tertiary age. deposited or formed between
for oil or water ordinarily is terminated before or when 65 million and 2 million to 3 million years ago. have an
these rocks, commonly referred to as the basement areal extent of about 182.000 square miles in the
complex, are reached. Locations of outcrops of-pre- Missouri River Basin. equivalent to about 34 percent of
Paleozoic age ate shown on plate I. tie basin area. Included are about 8.300 square miles of

Rocks of Palcozoic age, formed between 570 million rock formed from magma extruded during Tertiary time.
and 225 million years ago, underlie about 87 percent of The extent of Tertiary rocks in the basin is depicted on
the basin. In addition to cropping out on -the flanks of plate 3.
nearly all the exposed uplifts of pre-Paleozoic rocks in Virtually all of tle Tertiary sedimentary rocks were
the western part of the basin, the also crop out deposited in a continental environment, tie only excep.
extensively in the southeastern part of the basin. The tion being some marine beds in the lowermost part of
total area of Paleozoic rock outcrops is estimated at the sequence in western North Dakota. Except for some
74,200 square miles. about 14 percent of the total basin thin fresh-water limestones and a few widespread de-
area. About 87 percent of the total outcrop is within an posits of lignite, the entire sedimentary sequence con-
area comprised of northeastern Kansas, southeastern sists of shale, sandy shale, sandstone, clay, silt. and sand.
Nebraska. southwestern Iowa, and all of Missouri within East of tile mountainous part of the basin. ithe
the basin. The maximum thickness of Paleozoic rocks Tertiary deposits form an extensive sheet, and where the
here probably does not exceed 5,000 feet. The extent of youngest of the Tertiary stratigraphic units, the Ogallala
Paleozoic rocks and their outcrops also are shown on Formation, remains intact, its uipper surface is referred
-plate 1. to as the High Plains. Within the mountainous region,

Consisting principally of dolomite, limestone, shale, Tertiary deposits constitute a major part of the fill
and sandstone, most of the Paleozoic rocks were occupying the intermontane basins. The greatest thick-
deposited in a succession of shallow marine environ- nesses of Tertimy rocks are ii locations near to the
ments. Dolomite and dolomitic shale are the pre- mountainous sources of the sediments.
dominant rock types in the lower part of the sequence Rocks of Quaternary age. deposited during the last
but are relatively uncommon in the upper part. Lime- 2 million to 3 million years, consist principally of un-
stone and calcareous shale are common throughout all consolidated glacial deposits, mostly till. outwash, and
but the uppermost part of the sequence, which is lakebeds: fluviatile deposits. including terrace deposits
characterized by an abundance of redbeds, composed of and stream allhvitm: and colhan deposits. including dline
shale and sandstone deposited in anl arid environment, sand and loess. The fluviatile and eolian deposits are the
and evaporites. Sandstone is a minor rock type in the youngest of the Quaternary rocks. The areal distribution
lower part of the sequence but is much more common in) of the several types of Quaternary deposits is shown on
the upper part. plate 4.

Rocks of Mesozoic age, deposited or formed between Glacial till, a heteiogeneous mixture of rock debris
225 million and 65 million years ago, are present transported by expanding ice sheets and deposited when
everywhere in the basin except where pre.Paleozoic or, those ice sheets melted, mantles the oldei consolidated
Paleozoic rucks are exposed. Their areal t. tent is about and semiconsolidated iocks throughout ant area ofabout
83 percent of the total basin area, The outcrop of 161,000 sqItate miles along (he north and east sides of
Mesozoic rocks has an area of about 251.000 square the basin. Associated with the till are bodies of otlwash
miles, or about 48 percent of the total basin area. Their and lakebeds. Some of these are buried by or are
greatest development is in south central W oming, where included within tie till mass, while others rest tili at are
their thickness exceeds 12,000 feet. The extent of adjacent to the till mass.
Mesozoic rocks in the basin is depicted onl plate 2. On The fluviatile deposits are of particular importance to
this plate, tile Meso/oi rocks are shown as buried where tle water.suppl, situation fi the Missourt Rivet Basin.

they are overlain by rock of Tertiary age but as Most have a high capacity to store water,and inl addition
oitciopping where they are ,aantled by unconsolidated to serving is reservoirs that arc tapped by tens of
deposits of Quaternary age. thousands of wells, they provide temporary storage forL7"



flood flows and they maintain tile flow of many streams Tile headwaters of tile Missouri River and of its
during periods of no overland runoff. The largest largest tributaries, the Yellowstone and Platte rivers lie
accumulation of fluviatile deposits is in south-central among snow-clad peaks reaching up to nearly 14.000
Nebraska. Since these deposits extend westward an feet above sea level along the Continental Divide. The
unknown distance beneath the Sand Hills. their areal headwaters streams lose elevation rapidly in their upper
extent is somewhat greater than shown on plate 4. Other reaches, dropping to elevations some 10,000 feet lower
fluviatile deposits are much less extensive, but they are than those of their sources before they leave the
widely distributed since they underlie the flood plain headwaters states of Colorado. Wyoming, and Montana.
and adjacent terraces along most of the important Slopes are much flatter in the long reaches across the
drainageways in the basin, plains states, but the Missouri River at its mouth is only

Eolian deposits, dune sand and loess, form a swificial about 400 feet above sea level.
mantle on older rocks throughout a large area in the Wide variations in seasonal flow characterize the
southeastern and southern parts of the basin. The largest Missouri River. The winter season is a period of low
area of dune sand, about 20,000 square miles in extent, flow. From December to February, ice may cover the
is in north-central Nebraska. The principal smaller areas, river as far south as Kansas City; Mo. Serious ice jams
having a combined extent of about 4,500 square miles, and resultant flooding may occur with breakup of the
are in southwestern Nebraska and northeastern -Colo- ice cover.
rado. Loess mantles the older rocks throughout an area 3 Spring thaws greatly increase stream discharges. A
to 4 times larger titan the total sand area. Accumulations typical rise on the Missouri River during late March or
greater than 30 feet thick, more than 60 feet thick in April is caused by melting of the snow cover over the
some places, are present throughout three large areas. plains area. This rise sometimes results in major flows
One of these is a broad band extending from Thomas and resultant flood damage. A rise which is generally
County, Kansas, northeastward to Cuming County, lower in peak flow but greater in volume is usually
Nebraska. The others, 10 to 20 miles wide, border both experienced in June when snowielt from tile higher
sides of the Missouri River valley from the vicinity of plateaus and mountains may combine with runoff front
Sioux City, Ia., to about St. Joseph, Mo. Elsewhere, the prolonged spring rainfill in tle lower basin. This is tle
thickness ranges from 30 feet to less than 1 foot. usual period of maximum flowof tributaries, such as the
Although generally suitable for grazing cattle and, Yellowstone River, wlticlt are fed primarily by mountain
suitable it some places for growing hay, the sand-dune snowitelt.
areas contain little land suitable for cultivation. Loessial Following the June rise, low flows usually prevail
soils, on the other hand, ordinarily are ideal for growing during the late summer and early autumn, interrupted
crops. by rises caused by occasional ieavy rains in tile lower

basin.
Streaitflow characteristics in the Missouri River

STREAMS Basin, however, defy generalization. This is due to the
range of climatological, topographic, and other factors
that control streamflow in this large and diverse region.

Tite Missouri River rises along tile Continental Divide Streams that drain tle mountain areas are generally
in tlte northern Rocky Mountains and flows generally productive and relatively stable. Tite most highly vari.
easterly and southeasterly to join the Mississippi River able streams are those that originate in southeastern
near St. Louis, Mo. It is the longest river itt tie United North Dakota and northeastern South Dakota. Streams
States. flowing 2,315 miles from its source. the head- that drain the Sand Hills area of Nebraska are among the
waters of the Red Rock River itt Montana, to its most stable in the Nation, with average monthly flows
junction with thte Mississippi River. differing very little from tile average of annual flows.
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CHAPTER 3

CLIMATE

GENERAL DESCRIPTION moisture-laden air masses as they penetrate tile basin are
responsible for a niarked decrease in precipitation from

As might be expected in so large an area, major southeast to northwest. Similarly, tile significant range
climatic differences exist within the Missouri Basin. in distance from Canadian sources of colder air is
Many of the meteorological phenomena which define responsible for a marked increase in average temperature
the basin's climate vary somewhat uniformly but quite from north to south.
drastically in ,a southeast -to northwest direction. In
general, the range of climatic variation is from subhumid PRECIPITATION
in the southeast to semi-arid in the north and west.

Summers are hot and winters are cold in all of the Throughout the Missouri Basin, precipitation is ex-
basin, but with lower average temperatures in the higher perienced in the form of both rain and snow. Generally,
latitudes than in the lower latitudes during all seasons. rain is much the larger contributor to annual precipita-
The length of the freeze-free growing season decreases tion. Normal annual precipitation decreases somewhat
rapidly from southeast to northwest. Precipitation oc- uniformly from more than 42 inches at the south-
curs both as rain and as snow in all of the basin states, eastern tip of the basin to less than 12 inches along the
but snowfall is greatest in the mountainous areas and western edge of the high plains, where heavily moisture
snowfall in the plains area increases in a southeast to laden air from the Gull' of Mexico seldom penetrates
northwest direction. Relative huniidity is generally high and where the Rocky Mountains block off any sizeable
throughout the year except in the higher altitude areas amount of moisture from the Pacific Ocean. Farther
in and near the mountains. Cloudiness is comparatively west, in Rocky Mountain areas of higher elevation,
uniform throughoul the basin, with the mean annual annual precipitation increases to 30 to 40 inches, or
percentage of possible sunshine not far from 67 percent more. The range of normal annual precipitation over the
at any locality. Missouil Basin is shown by figure 3.

Storms occur in all parts of the basin and in all Wifl, tile great range in normal annual precipitation,
seasons of the year. They are most frequent in the obvious!y thelc are great differences in average precipi.
mountainous areas arid inl the southeastern part or" tile yteaegetdfeecsilaeaepeii

r aotation over the basin's several subbasins. Also, every-
basin, decreasing in frequency from southeast to north- where in the basin, there are major differences in annual
west in the plains area. precipitation from year to year. Both of these differ-

ences are illustrated by plate 5, which shows, for the
CLIMATE CONTROL entire basin and for each of its several subbasins,

adjusted average annual precipitation by years and the
The interior continental location of the Missouri weighted mean for the period of record. The adjusted

River Basin and the absence of inland water bodies large average annual values shown were obtained by Theissen •
enough to exert a significant influence on the climate polygon weighting of individual station records and by
make this region one of great daily. seasonal, and annual transformation of station annual precipitation values to
variation in weather phenomena. The north-south ori, percent-or normal.
ented Rocky Mountains along the basin's western Precipitation in the Missouri Basin is normally greater
boundary restrict inflow of air from the Pacific Ocean, during the spring months and smaller during the fall and
and the Gulf of Mexico accordingly is the major source winter months. June is generally the month of greatest
of moisture inflowinto the basin, precipitation, Like annual pre 'ilitation. monthly pre.

The basin's expanse over a comparatively wide range cipitation varies greatly from year to year. l)istribution
of both latitude and longitude, the resultant significant of precipitation by months and tile range of precipita.
range in distance from Ihe major moisture souice in the lion amounts during each month are illustrated b figure
Gulf of Mexico, and the progressive modification of the 4, whi.h shows, foi four iepresentative lo,:ahties in the

[ 9



FIGURE 3

NORMAL ANNUAL TOTAL PRECIPITATION, (INCHES)

Data'Based on Period 1931.1960

6 12

4 32
6 12

i/

i 16

24

basin, the monthly distribution of normal- annual pre- a ratio of over 3 to !. Similar data for other time periods
cipitationl and thle maximum and minimum monthly and for other probabilities are available in the U.S.
amounts experienced. Weather Bureau Technical Paper No. 40.

Precipitation probabilities for periods of time longer
Rainfall than I day are useful in determining irrigation require.

ments, in short-range planning of farming-operations, as
The influence of high-moisture air from the Gulf of thebasis for estimating streamfiow probabilities, and as

Mexico is all important to the rainfall regimen of the *the basis for estimating carry-over storage requirements
basin. In those areas where air from the Gulf penetrates in ponds and small reservoirs. Studies of precipitation in
infrequently, rainfall is smallcr in amount and it varies the Missouri Basin for. I-week, 2-week, 4-week, and
greatly from season to season and year to year. Like S-week periods between March 29 and Novem~ber 7 and
total precipitation, annual rainfall also decreases some- for probability levels of 10, 50, 80, and 95 percent show
what uniformly and quite drastically from southeast to that, in each case, the precipitation amounts in the
northwest, southeastern part of the basin exceed those in the

With the great range in annual rainfall, the intensity northwestern part. One of these studies is ~ilustrated by
and amount of rainf~all for any specific probability of figure 6, which shows-the I-week, 2-week, 4-week. and
occurrence also vary over a significant range. This is 8-week total precipitation amounts with a 10-percent
illustrated by figure 5 which shows, for the entire basin, probability of occurrence between March 29 and May
the 24-hour precipitation amounts with a 4-percent 23, that is, amounts that may be expected to be equalled
probability of occurrence at any locality, that is, or exceeded during these periods not- oftener than once
precipitation amounts that may be expected to be in 10 years, on the average.
equalled or exceeded not oftener than once in 25 years, Rainfall often is in the form of major rainstorms,
on tho average. It will be noted that 24-hour precipita- rnoff from which is capable of producing damaging
tion with a 4-percent probability of occurrence ranges floods. Historical major flood-producin g storms are
from over 6 inches iii the southeastern portion of the described in Chapter 6 of this appendix. It is interesting
basin to less than 2 inches in the northwestern portion, to note that rain which fell at Holt, M!o., on June 22.

to6
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1947, amounting to 12 inches in 42 minutes, established useis-both in planning and in actual use of this water for

;kworld record for rainifall of this duration. maximum economic benefit. Snow surveys and soil-
moisture determinations accordingly are carried out in

Mountain-Snowfall the mountainous portions of Montana, Wyoming, Colo-
rado, South Dakota, and the Canadian Province of

Much of the usabl water in'the upper portion of the Alberta.
MissouriBasin originates as mountain snowfal. Advance The usefulness of water-supply forecasting is due
knowledge of water supply, through forecasting of largely to the time lag between winter snowfall and
strearnflow from this source, aids water managers and spring runoff and to the,.greater effectiveness of winter

FIGURE 4
MONTHLY DISTRIBUTION OF PRECIPITATION
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FIGURE 5

24-HOUR. 25-YEAR RAINFALL, (INCHES) snowfall,1 as compared to summer rainfall, in producing
runoff. Users Of irrigation Water particularly find streiin-
flow forecasts useful in preparing their annual cropping

- plans. During years of predicted limited supply, they are
25," 4~ able to adopt conservation nheasuresr and avoid demands

in excess of supply; and during years of predictcd7~ \.j plentiful supply, they arc able to plan withI con fidence
~ {~.': ~ ~,.**.,, ~,for expanded crop production. Streafinow, forecasts are

of value also to water users in the fields of p)ower
production and municipal water supply and to industrie%

**-*** whose operations are affected by a fluctuating wat,
3, ~ *. ~ supply.

-~ -~ .. \There are currently 200 snow courses in ipcir.toni
3 ~ the Missouri Basin. Records extending back to 19) I Q are

35 411- * -I. available for sonmc snow courses, but data for the earlier
years are not comparable to data currently being

*STAT CAPiTAL collected. Longest continuous records providing first-of-
*PRECCPITATION STATION the-month data are for a 34-year period throtigh 196'7.

FIGURE 6

1-, 2-, 4-, AND 8-WEEKS PRECIPITATION TOTALS.
(INCHES) EXCEEDED 10 YEARS IN 100
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FIGURE 7
TYPICAL SNOW COURSE MEASUREMENTS
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Records for some snow courses are of such short water equivalent. Typical frequency curves at two snow
duration that they cannot be considered as represent- courses, for water equivalent in the snowpack on I
tive. Typical snow-course measurements, showing snow April, are shown on figure 9.
depth and snow water equivalent, are illustrated by
figure 7. FIGURE 9

Some snow courses are ow being equipped with TYPICAL FREQUENCY CURVES
so-called snow pillows, which measure the water equiva- SNO WATER EQUIVALENT (APRIL I)
lent in the snow by variations in pressure. These are
recorded automatically by instruments at the site and __ o. -

are transmitted to abase station by a telemetry system.
The snow pillows provide continuous records of snow 9 - - -- -

water equivalent. A typical record of mow water \0
equivalent at a pillow-equipped snow course is illustrated - -

by figure 8. s

TO

FIGURE S8z
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Plains Snowfall
About 30 soil-moisture stations are in operation in

the Missouri River Basin. Records are available for a The plains portion of the Missouri Basin extends
maximum of 14 years, through 1NO. Some of the westward from its eastern boundary to the edge of the
stations are located on or near snow courses. Soil- mountainous areas in the west and northwest. It slopes
moisture data permits determination of the amount of* gently upward from elevations beloy, 1,000 feet, mean
snowpack moisture that will be 4absorbed- in the soil sea level, in the southeast to elevations in excess of
before snowmelt runoff begins. 5,000 feet, mean sea level, near the mountainous areas.

An analysis has been made of data from 144 snow A part or all of each of the 10 basin-N,,ates lies within
courses within the basin and from 23 others outside of this plains a rea.
but adjacent to the basin, all with at least 6 continuous Snowfall has been experienced everywhere in this
years of April I record, and of data from 16 soil- area. Average annual precipitation decreases from south-
moisture stations within the basin and from three others east to northwest in the plains area, but this is not true
adjacent, all with at least 3 years of record. As an for snowfall. Average annual snowfall is about 50 inqches
illustration of the nature of the basinz's mountain in the western high plains, is about 40 inches in the
snowpaek, table 2 has been compiled to show the range eastern Dakotas, and decreases to about 15 inches in
of maximum, minimum, and median water equivalents for southern Missouri.
snow courses in several tributary basins. Maximum 24.hour snowfall at first order weather

Based upon the preceding analysis, frequency curves stations in the plains area has ranged from 10 to 26
have been prepared to show the probability of occur- inches, maximum monthly snowfall has ranged from 20
rence at each snowcourse of a snowpack with a given to 48 inches, and annual snowfall, from July to (lie
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Table 2- SNOW SURVEY, DATA, MOUNTAIN SNOW WATER EQUIVALENT IN INCHES

Range of AMxkum. Minimum, and Medin Amou Experiemced at Snow CQurss in-Tributary asm

1amno ~I Pahemy I MM&b I - I May I
UPPER MISSOURI RIVER TRIBUTARIES

(iMadas, Sun, Teton. Milk,'Judith,
Mussnil ivers)

Maxinum 5.0-15.0 6.6-20.6 6.6-26.8 7.1-35.1 7.8-33.0
Median 1.5- 7.5 2.9-12.2 3.8-19.4 4.5-21- 1.5-14,0
Minimum 0.1- 2.0 0.8- 42 0.2-11.3 0 -13.7 0 - 4.6

JEFFERSON RIVER
Maximum 5.0-19.5 5.5-23.8 6.6-29.7 7.5-32.4 0 -29.2
Median 2.4- 9.7 2.8-14.6 3.9-19.5 4.6-23.4 3.2-21.4
Minimum 0.7- 4.4 1.1- 5.6 1.8-10.2 0.7-14.9- 0 - 9.9

MADISON RIVER
,Maximum 7.8-3.S 11.5-24.4 15.3-30.8 15.6-34.9 11.5-21.0
Median 3.8- 6.5 6.6-11.3 8.5-17.7 8.9-21.8 2.3-15.9
Minimum 0.8- 1.9 2.7- 5.6 4.9- 9.2 5.4-10.4 0 - 9.2

GALLATIN RIVER
Maximum 6.8-15.4 8.7-23.1 11.6-27.0 14.429:8 12.1-32.0
Median 4.4- 6.2 4.8-10.4 6.8-17.3 9.320.5 5.7-23.4
Minimum 1.6- 1.9 3.0- 4.2 4.4- 9.4 3.0-12.7 0 -15.2

UPPER-YELLOWSTONE RIVER
(above glinls, Montana)

Maximum 6.6-27.3 10.4-37.5 8.6-47.8 10.9-52.4 10.2-27.0
Median 3.5-11.8 5.7-19.0 4.5-24.1 5.2-29.1 0.2-16.8
Minimum 1.2- 4.8 2.8- 8.2 1.3-10.1 2.7-15.6 0 -12.9

LOWER-YELLOWSTONE-BIGHORN RIVER
Maximum --- 3.3-32.3 4.3-36.2 5.2-43.2 0 -47.4
Median - -1- .6-18.6 4.3-24.4 3.0-27.7 1.0-32.7
Minimum --- 0 - 8.5 0.8-17.5 0.6-16.9 0 -23.9

LOWER YELLOWSTONE-TONGUE RIVER
Maximum --- 7.4-19.5 9.2-24.3 10.8-26.1 12.6-32.5
Median --- 5.0-11.7 6.6-16.5 7.6-19.8 8.6-22.0
Minimum --- 1.0- 7.6 1.0-10.0 3.8-13.2 4.6-16.6

LOWER YELLOWSTONE-POWDER RIVER
Maximum --. 4.4-125 5.2-14.0, 5.5-19.0 5.7-23.4
Median -.. 2.3- 5.4 3.4-19.5 4.0-12.3. 3.6-15.5
Minimum --- 1.2- 2.5 1.7- 3.8 2.0- 5.9 0 -10.0

CHEYENNE-BELLE FOURCHE RIVERS
(1 snow course)

Maximum - 8.7 9.9 10.4 --

Median . -. 4.3 6.0 8.0' ...
Minimum -.. 1.2 2.3 2.7 ...

NORTH PLATTE RIVER
Maximum -.. 6.8-30.5 8.0-36.1 9.4-47.8 7.847.9
Median ... 2.8-18.5 4.9-23.6 5.q-31.0 0 .33.0
Minimum .- 1.0-12.2 1.4-16.0 1.2-23.0 0 -25.1

SOUTH PLATTE RIVER
Maximum -.- 4.5-22.2 4,1-32.0 5.0-38.9 3.4-38.9
Median --- 1.6-13.2 2.1-17.8 2.5-24.8 0 -17.2
Minimum --- 0 - 7.8 0.5-11.7 0 -16.1 0 -17.3

following June, has ranged from 40 to 87 inches. the lower plains area. March is normally the month of
Distribution of these maximum indicates that heavy greatest snowfall throughout the plains area.
snowfall for short periods is as likely in the lower plains Plains snowfall during the fall months usually melts
of Nebraska, Kansas, and Missouri as it is elsewhere in during periodic thaws and, accordingly, it rarely accum-
the plains area. ulates on the ground for a significant time. Accumula-

About 50 percent of the average annual snowfall in tion during the winter months is much more likely, and
the high plains area occurs during the 3-month period, there have been years of accumulation from February to
January through March. This percentage increases to 65 late March without significant thawing. Years of major
percent in the middle plains area, and to 70 percent in accumulation were 1881, 1948, 1949, 1950, 1952, and
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1960; and in each of these years,there existed centers of influence of the uged -weth topbgaphy on local
water equivalent in excess (f 6 inches in the snow cover, temperatures.
In each of these years devastating floods occurred when Diurnal temperture variation is quite pronounced
the accumulated snow melted. throughout the basin..This is particularldy trueduringthe

As does average anmual snowfall, the water equialent warmer months of the year. The variation may amount
of the snow cover in the plains area increases in a general to as much as 30 degrees-in late summer.
northeasterly direction. The water equivalent is "Usually Latitude and elevation play, important roles in the
highest during the first half of March. Plate 6. an occurrence-of the higher-summer temperatures andthe
adaption of data shown on page 19 of the U. S. Weather lower winter temperatures. High- temperatures are exper-
Bureau Technical Paper No. 50, shows the maximum ienced most frequenty in the lower latitudes and inthe
March 1-15 water equivalent of the plains snow cover -plains area, less frequently in the ,higher latitudes, and
that may be expected to be equalled or exceeded, on the least frequently in the mouitainous areas. Similarly, low
average, not oftener than once in 25 years. The temperatures are experienced least frequently in the
secondary m3ximum, shown on this plate in western lowirolatitudes,rmore frequently in thle.higher latitudes,
South Dakota and eastern Wyoming is influenced by the and -most frequently in the lmountainous areas. This is
existence of the Black Hills, where the topography and illustrated -by :figures 13 ard 14 'hich show, respec-
characteristics of snow accumulation resemble those of tively, the mean annual nomber of days that maximum
the mountainous areas of the basin, temperatures are OI- and above, and the mean annual

number of days that - minimum temperatures are 32°F
TEMPERATURE and below, it is illustrated also by figures 15 and 16,

which show, respectively, the ,ormal annual total
Basin Temperature Characteristics heating degree-daYs, or degreedays below650 F, and the

normal - annual total cooling degree-days, or degree-days

All parts of the Missouri Basin experience a great above 650F;

range of temperature variation between winter and
summer because of the frequent presence of cold Growing Season
continental polar air in the winter and warm continental
air in the summer. Temperatures higher than 100 0F in The length of the crop-growing season in the Missouri
the summer and appreciably lower than 00F in the River Basin also is~influenced by latitude and elevation.
winter have been experienced in all the basin states. It has an extremely wide range. The very short growing
Maximum and minimum temperatures recorded in the seasons occur in the mountainous areas where they are
basin have been 121°F in both Kansas and North not particularly significant. Even in the plains area,
Dakota in July 1936 and -70°F at Rogers Pass in however, the variation in length of growing season is,
Montana in January 1954. The range of temperature substantial.
variations in the basin is illustrated by figure 10 which The mean date of the last oc&ur'mnce of a tempera-
shows temperature distribution by months for selected ture of 32°F or lower in the spring varies from befor
stations. April 10 in small areas in the extreme southeastern part

In the absence of any east-west oriented mountain of the basin to after May 30 in the northern part of the
barrier in the basin, temperatures show a definite plains area aid to after June 30 in some of the
latitudinal variation. In all seasons of the year, average mountainous areas. The mean date of the first occur-
temperatures generally are significantly higher in the rence of a temperature of 32°F or lower in the autumnn
southern part of the basin than in the northern part. varies from before July 30 in some. of the mountainous
This latitudinal variation in temperature is illustrated by areas and before September 10 in the northern part of
figures II and 12, which show normal daily maximum the plains area to after October 20 in the extreme
and minimum temperatures throughout the basin during southeastern part of the basin. The mean length of the
January, normally the coldest month of, the year, and freeze.free period, the period available for crop growth,
during July, normally the warmest ,month. ranges from over 180 days in the extreme southeastern

The isotherms shown on the preceding figures for part of the basin to less than 120 days in the northern

January indicate the general path of cold polar part of the plains area and to less than 30 days in some
outbreaks moving from northwest to southeast and the of the mountainous area. Figures 17 and 18 show,
associated moderation of these outbreaks as they prog- respectively, the variation in mean date of the first
ress to the south and east. The summer isotherms are occurrence of a temperature of 32°F or lower in the
much less indicative of the penetration of a particular autumn and the variation in mean date of last occur-
type of air mass, and they reflect, to a considerable rence of a temperature of 320 F or lower in the spring.
degree, the presence of continental air greatly influenced Figure 19 shows the variation in the mean length of the

by land use. The preceding figures also illustrate the freeze.free period.
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FIGURE 10 *
TEMPERATURE DISTRIBUTION BY MONTHS
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FIGURE 11

NORMAL DAILY MAXIMUM TEMPERATURES (OF)
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FIGURE 12

NmORMAL DAILY MINIMUM TEMPERATURES (OF)

- - Data Based on Period 193 1- 1960
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FIGURE 13

MEAN ANNUAL NUMBER Of DAYS MAXIMUM
TEMPERATURES; 90OF AND ABOVE

Dared on Period of Record Through 1964
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FIGURE 14 4V

MEAN ANNUAL NUMBER OF DAYS MINIMUM
TEMPERATURES 32 0F AND BELOW

too IBased on Period of Record Through 1964
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FIGURE 15

NORMAL ANNUAL TOTAL OF DEGREE DAYS -BELOW 650 F

Data Based an Period 1931-1960

FIGURE 16

NORMAL ANNUAL TOTAL OF DEGREE DAYS ABOVE 65 0
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FIGURE 17

MEAN DATE OF FIRST 320 F TEMPERATURE IN AUTUMN
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FIGURE 19

MEAN LENGTH OF FREEZE-FREE PERIOD, (DAYS)

Data ftelld an Period 19ZI-1950
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SURFACE WINDS Nebraska, Iowa, and Missouri. Sustained winds of high
velocity show little seasonal variation in frequency of

Local topography and seasonal weather phenomeia occurrence in the mountain areas. In the plains area,are largely responsible for the type and severity of; greater sustained velocities are likely in the winter and

surface winds in the Missouri River Basin. In the spring. Some of the major windstorms that have oc-
mountainous areas west of 105y longitude, winds of the curred in the basin are illustrated by data presented in
orographic type rarely exceed a velocity of 30 miles per table 3. Data presented are for only a few of the storms
hour for durations of 60 minutes or more, and local piar herrom theless, major windstorms of
drainage winds are normally light and shallow. East of this nature are not of common occurrence,in the basin.
1050 longitude, win ele s n th bopography of the sothe mountainous areas, wind directions are gener-
vast plains area offers a minimum resistance to air ally westerly, from the southwest through the north-
movement. During any single year, major variations in west, throughout the year. In the plains area, windwind velocity and direction occur throughout the plains direction has a definite seasonal pattern. Here, winds are
area, but these variations are greatly dampened when primarily northerly, from the northwest or north, during
seasonal or annual means are considered. the winter and early spring; primarily southely, from

Annual mean wind velocities in the basin vary front the south or southeast, during late spring, summer, and
about 7 to about 14 miles per hour. Monthly mean early autumn, and primarily westerly, from tihe west or
velocities vary from about 6 to about 18 miles per hour, northwest, during the late autun in the tipper plains

with the greater means during the late autumn, winter, area but continuing primarily southerly during this
and early spring months. Summer, overall, is normally period in the lower plains area.
the calmest period of the year. Most of the high.
intensity, short-period winds, however, occur during the
warmer months in association with individual thunder. SUNSHINE AND CLOUDINESS
storms, squall lines, 'frontal passages, and tornadoes.
Tornadoes, often with estimated velocities on the order Factors influencing the degree of cloudiness at any
of 500 miles per hour, are most frequent during the locality at any time are available moisture, presence of
spring and summer months and in the states of Kansas, condensation nuclei, season and length of day, and
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1-7
Table 3 - MAJOR WINDSTORMS

klaim Avhil AVMap Vedoiy
VAcy vlt i1111111101

111 M pm HoI
wP Hou p.tHom. Ax Darado.

for for in HIM Of ftmad
Location Dale I Mnute $lmwutes 1.2 3 4 S 6 Dibcwm

Kaonss

Concordia 11-19-48 42 37 36 32 30 29 28 27 N
Topeka 3-26-50 59 -- 45 43 41 40 39 38 SW

wmoui
Columbia 4- 5-47 24 23 23 22 22 21 SW

Montaa
Helena 12-2-41 56 52 46 44 42 41 41 39 S

1-1744 67 52 41 38 37 35 W
2-16.49 67 44 38 38 36 34 32 W

Nebruka
Omaha 4-24-37 60 49 43 41 41 40 39 39 NW

North Dakota
Bismarck 3-1541 60 44 39 38 36 36 35 34 NW

5- 6-45 57 47 41 40 38 38 37 36 NW
11-24-47 60 47 42 39 37 NW

South Dakota
Huron I 5-23-39 65 59 40 30 25 NE

4-2742 65 48 46 45 41 38 NW
11-23-34 68 44 43 42 41 40 39 38 NW

Rapid City 9-25-42 65 59 56 54 53 52 50 49 NW
4- 5-47 64 54 49 47 47 46 46 46 NW

Wyoming
Cheyenne 1-24-46 70 -- 53 51 49 47 46 46 NW
Sheridan 9- 741 56 50 47 45 44 43 43 42 NW

Note: "he above velocities have been adjusted to a common base of 25 feet above the ground.

presence of contrasting air masses and frontal activity. It the afternoon. Table 5 presents data concerning mean
is understandable, therefore, that the amount of sun- annual and mean monthly relative humidity at selected
shine experienced, expressed as a percentage of the total locations throughout the basin and for selected times.
possible amount of sunshine, does not vary greatly from
one locality to another in the basin. Table 4 shows the DAMAGING STORMS
mean percentage of possible sunshine experienced at
representative localities. It will be noted that the Damaging storms occur in the Missouri Basin during
maximum variation in the mean annual percentages of all seasons of the year. Winter blizzards, ice storms, and
possible sunshine is only 19 percent. excessive snowfall have been experienced in all parts of

In an average year, almost any locality in the basin the basin. The more devastating storms occur during the
will have about one-third of its days clear, about spring and summer when thunderstorms, hailstorms, and
one-third cloudy, and about one-third partly cloudy, tornadoes are common. Although for the most part
Low clouds and fog occur along the eastern slopes of the these are of short duration at any specific location and
Rocky Mountains when the prevailing winds are easterly, seldom of great areal extent, they may be locally severe.
There are infrequent periods of frontal fog and radia- In most thunderstorms, it is not uncommon to have
tional ground fog almost everywhere in the basin, winds gusting to at least 50 miles per hour. Most

thunderstorms do not produce hail, and hailstones which
HUMIDITY are produced are generally of small size. Large hail-

stones, however, are sometimes produced. and occur-
lumidity in much of the Missouri Basin is coin- rence of hailstones weighing 1.5 pounds has been

paratively high. There are favored localities, however, definitely recorded.
where oppressive humidity is seldon encountered. The Tornadoes have been experienced in most parts of the
most prominent of' these are the high-altitude areas of basin, but they are rare in the mountainous areas and in
the western basin such as in the vicinity of )enver. tle northern part of the plains area. They are more
Colo., and Cheyenne, Wyo. Relaiive humidity is goner- frequent in the southern part of the plains area in
ally highest during the morning hours and lowest during Nebraska and Kansas, and most frequent in northeastern
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Kansas. Tornadoes follow paths varying in length from a reach- speeds on the order of 500 miles per hour. They
few feet to as much as 300 miles. they range in width to occur most frequently during the 3-month period, May
over a mile, they travel overland at-a speedof about 40 through July.
miles per hour, and their internal winds are estimated to

Table4 - MEAN PERCENTAGE OF POSSIBLE SUNSHINE

State IStatlY. 'Feb MM J yO. D

Iow ins iOL -~ _Colorw~o D~eaver 6,67 67 l65 63 6169 1681 68 71 71 67 65 67

Iowa DesMoines 66 56 36 56 59 62 66 75 70 64 64 53 4 62
SiouxCity 52 55 58 58 59 63 67 75 72 67 65 53 50 63

Kan-as Concordaa I 52 60 60 62 63 65 73 79 76 72 70 64 58 67
Dodge City 1 70 67 6618 68 6874 78 78 76 75 70 67 71

Missouri KansasCity 69 55 57 59 60 64 70 76 73 70 67 59 52 65
St. Louis 68 48 49 56 59 64 68 72 68 67 65 54 44 61
Springfield 45 48 -4 i 57 60 63 69 77 72 71 65 58 48 63

Montana Havre 55 49 38 61 63 63 65 78 75 64 57 48 46 62
Helena 65 46 55'58 6059 63 77 74 63 57 48 43 60

Nebraska Lincoln 55 57 59 60 60 63 69 76 71 67 66 59 55 64
North Platte 53 63 63 64 62 64 72 78 74 72 70 62 58 68

North Dakota Bismarck 65 52 58 56 57 58 61 73 69 62 59 49 48 59
Devil,; Lake 55 53 60 59 60 59 62 71 67 59 56 44 45 58
Williston 43 51 59 60 63 66 66 78 75 65 60 48 48 63

South Dakota Huron 62 55 62 60 62 65 68 76 72 66 61 52 49 63
_ Rapid'jity 53 58 62 63 62 61 66 73 73 69 66 58 54 64

Wyoming Cheyenne 63 65 66 64 61 59 68 70 68 69 69 65 63 66
Lander 57 66 70 71 66 65 74 76 75 72 67 61 62 69
Sheridan, 52 56 61 62 61 61 67 76 74 67 60 53 52 64

Table 5 - MEAN RELATIVE HUMIDITY (%)

January April July October Annual

State Station ~ -- r = -I I- I I -

Colorado Denver 20 60 60 44 49 60 67 40 39 57 67 32 34 56 62 34 35 59 64 38 40

Iowa Des Moines 19 78 79 71 73 71 79 54 54 78i85 56 56 71 80 52 55 77 82 61 62
SiouxCity 66 76 77 68 71 74 77 52 52 79 80 52 51 74 79 52 56 77 79 58 60

Kansas Concordia 72 73 78 63 68 68 77 50 50 68 77 47 48 67 78 48 56 70 78 54 57
DodgeCity 67 74 79 56 62 69 7647 47 67 76 41 44 69 78 46 52 71 78 48 52
Topeka 18 75 78 64 67 72 79 53 53 76 81 515 0 73 80 50 54 75 81 56 58

Missouri KansasCity 66 74 66 37 66 68 74 53 54 72 76 49 53 67 76 51 55 71 77 55 59

St. Louis 65 77 77 65 68 72 73 54 58 74 73 5055 74 76 52 58 75 76 57 61
Springfield 68 80 82 68 72 741 77 56 57 84 82 57 60 78 821 54 61 80 81 60 63

Montana Havre 50 76 82 71 78 65 79 47 44 57 74 38 31 67 79 50 54 69 79 54 55
Ilelena 66 70 68 64'64 64169 48 43 56 64 37 33 68 71 53 51 67 69152 49

Nebraska Lincoln 14 78 79 67 72 75 81 54 54 76 82 50 50 72 78 47 56 77 81 57 61
North Platte 15 80 83 61 62 /3 82 50 47 74 84 50 47 75 84 47 51 77 84 54 54

North Dakota Bismarck 55 76 74 67 70 76 79 50 51 79 81 48 48 74 81 51 57 77 79 '56 59
DevilsLake 22 -- 76 72 75 -- 82 56 54 -- 86 53 53 -- 83 57 60 -- 82 62 63
Williston 43 74 74 67 69 68 76 49 47 71 77 45 41 70 79 53 53 173 77 55 55

South Dakota Huron 67 78 76 72 72 76 80 54 51 79 81 52 49 75 81 52 56 79 80 60 59
Rapid City 9 71 71 60 66 66 71 48 47 64 70142 40 60 64 42146 67 70 50152

Wyoming Cheyenne 67 61 58 48 52 68 72 47 49 65 70 36 41 64 65 39 47 65 66 44148
Sheridan 18 70 73 61 65 70 77 48 46 63 73 37 35 66 72 44 47 69 75 50 SI

Time is Eastern Standard (75th Meridian). subtract I hour for Central (90th M.), 2 hours for Mountain (105th M )
Based on records through 1959, except in a few instances. taken from "Normals, Means. and Extremes" table in U. S. Weather

Bureau Publications, Local Clinatological Data.
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Figure 20 indicates the number and approximate during comparatively mdld wintem Ice thicknesses nor-
location of tornadoes that were obseved in the basin maily are substantialy les in the more southery parts
during the period, 1916 to 1961. Figure 20 dtows also of the basin. Obviously, throughout -the basin, time are
the mean amual number of days with thunderstorms, in sabstantlal variatioas from year to yew in the extent and
all parts of the basin, thickness of the ice cover.

fee has formed on streams as early in the fail as Octo-
ber 10. The average date of ice cover formation, however,

ICE COVER ON STREAMS varies with locality from about November 20 to about
January 20. The ice cover has been known to persist as

As might be expected in so large an area, extending late as May 1, but the average date of ice breakup varies
over so great a range of latitude and with such varied with locality from about February I to about April 10.
topography, conditions of ice cover on streams vary Plate 7 illustrates the duration of ice cover in the Mis-
extensively over the Missouri Basin. In the mountainous souri Basin, indicating the number of days, on the ever-
areas, formation of ice coveron flowing streams is age, that streams are frozen, based on available records.
inhibited by steep stream slopes and higher velocities of Disappearance of the winter ice cover in any locality
flow. In the more southerly portions of the basin, may extend over days and even weeks. Nomally, it
periods of subfreezing temperatures generally are not occurs earlier on streams than on lakes, since lake ice
severe enough or long enough for formation of heavy ice cover must be melted whereas most stream ice cover is
cover. The heaviest and most protracted ice cover broken up mechanically and carried downstream as
normally occurs on streams in the Dakotas and, to a streamflows increase. When weather is such that stream
somewhat lesser extent, in Nebraska and northwestern ice cover breaks up in a downstream direction, rather
Iowa. than in the upstream direction which is normal, ice jams

During severe winters, ice cover on streams in th~e are likely to occur. Historically, ice-jam flooding, which
Dakotas has reached thicknesses of up to 4 feet. In this occurs as stiamflows are backed up by severe ice jams,
area, thicknesses of as much as 2 feet are common even has been a periodic problem in the Missouri Basin.

FIGURE 20
TOTAL NUMBER OF TORNADOES AND MEAN ANNUAL

NUMBER OF DAYS WITH THUNDERSTORMS

7 4

Squares Observed During the Yearu 1916-1961

Thunderstorm Data, Mean Annual Iiopletht,
Dased on Period 1696-1964
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CHAPTER 4

EVAPORATION, EVAPOTRANSPIRATION,

AND INFILTRATION

A ,major part of the water that falls 'as precipitation northeastern part of the basin in North Dakota to about
over the Missouri RiverBasin never appears as runoff in 55 inches east of the northern Rocky Mountain area, to
the basin streams but is lost through the processes of about 65 inches east of the southern Rocky Mountain
evaporation, evapotranspiration, and infiltration. These area, and to over 90 inches in west central Kansas.
phenomena, accordingly, require careful consideration in Amounts decrease again'in the mountains to less than 35
evaluation of available water supply and in planning for inches in southwestern Montana and to less than 45
water resourccs development. inches in central Colorado.

EVAPORATION Gross Evaporation from Lakes and Reservoirs

Pan Evaporation Pan-evaporation data are not directly applicable in
estimating evaporation from lakes and reservoirs, for

Evaporation measurements are made by -use of a evaporation from an open pan normally occurs at a
faster rate than does evaporation from a large body of

standardevaporation pan of water fitted with a device fater rt tha dos evaporation aa boofor ccuatey masurng he oweing f te wter water in the same locality. Pan-evaporation data, how-for accurately measuring the lowering of the water

surface as evaporation occurs. Pan evaporation data have ever, do provide an index to the evaporative powers of
been collected at numerous locations in the Missouri the atmosphere, and lake and reservoir evaporation rates

Basin. Using these data for the IOyear period front 1946 may be estimated by application of appropriate coeffi-

through 1955 and similar data from other areas of the cients to the pan-evaporation data.Studies by the Weather Bureau as presented in
Nation, the Weather Bureau conducted studies of pan Weather Bureau Technical Paper No. 37 also included
evaporation and developed Technical Paper No. 37, WetrBuauTcnalPprN.3asoilddevapraton ad dvelped echica Papr N. ~development of lake and reservoir evaporation rates
"Evaporation Maps for the United States," by Kohler, fro pm the available panevaporation data. Average annual

Nordenson, and Baker. Since the lOyear record used for
gross lake and reservoir evaporation rates presenteddevelopment of those maps is comparatively short and therein were reviewed and were also determined to be

since additional evaporation data are available for the taer uin the amerk studyte 8. wi
MissuriBasn, onsdertionwasgivn i conecion suitable for use in the framework study. Plate 8. which

Missouri Basin, consideration was given in connection shows average annual gross evaporation from lakes and
with this framewk study to the possible effect of using reservoirs in the Missouri Basin, was developed from data
a longer period of record. nTcncl ae o 7

Representative pan stations throughout the Missouri in Technical Paper No. 37.

Basin having a period of record in excess of 15 years
were selected for this study. The study results showed Ni t Evaporation from Lakes and Reservoirs
average annual pan evaporatio1 amounts only slightly
higher, about 3 percent higher on the average, than the Of greater significance than gross evaporation alone,
average annual amounts shown by Technical Paper in connection with studies of potential reservoirs, is net
No. 37. l)epartures of this magnitude are not significant, evaporation, derived by subtracting effective rainfall
and the evaporation amounts shown for the Missouri from the gross evaporation value. Effective rainfall.
Basin in Technical Paper No. 37 accordingly were which offsets part of the evaporation loss, is defined as
considered suitable for use in the framework study. rainfall over the potential reservoir water surface less

Average annual pan evanporation in the basin gener. that portion of such rainfall that formerly escaped from
ally increases from the northeast to the south and to the the reservoir site as runoff and is already reflected in
west. Amounts range from about 41 inches in the runoff records. Net evaporation represents the overall
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depleting effect of the reservoir on the water supply at quired in planning studies. The analysis of gross lake
the site and is equal to gross evaporation from the evaporation minus precipitation at representative loca-
reservoir water su;face. a water loss, plus runoff that tions in the Missouri Basin. described-in the immediately
would have occurred from the land inundated by the preceding paragraphs. accordingly was extended to
reservoir, a water loss, minus precipitation over the development of annual and multi-annual probability
reservoir water surface, a water ain. curves of reservoir and lake evaporation minus precipita-

Using the gross evaporation values shown by plate 8. lion. Annual values were ranked and plotted. on arith-
precipitation amounts shownby normal annual precipi- metic probability paper by a standard formula.
tation maps for the period 1931 through 1960 as Probability cuves were then fitted to the data by
published by the U.'S. Weather Bureau in the National computation of means and standard deviations for each
Atlas for the United States. and appropriate runoff data. set of data.
reservoir arid lake net evaporation rates for the Missouri
Basin have been estimated. These are shown by plate 9. FIGURE 21
Average Annual Net Lake Evaporation in Inches. ANNUAL LAKE EVAPORATION MINUS PRECIPITATION

Seasonal Distribution of Not Evaporation

Planning studies frequently require determination of - 0.w o, 1w.....

net evaporation on a seasonal basis. For this purpose an
analysis was made at several representative locations in -

the Missouri Basin, of all available concurrent pan-
evaporation and precipitation data. Results of this
analysis are represented in plate 10, Average Monthly ,
Lake Evaporation Minus Precipitation - In Percent of
Average Annual. 5 W ,.,oQC W A"%

In the analysis the assumption was made that 1 -.. =
reservoir and lake evaporation would follow a monthly
distribution pattern similar to that for pan evaporation.
This assumption is valid for comparatively shallow
reservoirs and lakes. For deep reservoirs and lakes,
however, where water surface temperatures lag air
temperatures significantly, special studies of the month-
ly distribution of average annual evaporation will be

necessary.
Runoff was not considered in the analysis because

concurrent runoff data at the locations shown were not
available. It is considered, however, that the monthly , " it,

distribution pattern shown by plate 10 for average CALENDAR YEARS

annual gross evaporation minus precipitation may be
adopted for monthly distribution of net evaporation in EVAPOTRANSPIRATION
all but the most detailed sudies.

Evapotranspiration, commonly called consumptive
Variability of Annual Evaporation use, is defined as the sum of evaporation from plant and

soil surfaces an, 1ranspiration from plants and is usually
The effect of evaporation on water resource develop, expressed in terns of depth (volume per unit area). Crop

nients varies greatly from year to year. Utilizing ntean consumptive use is equal to evapotranspir:ition plus
annual evapolation to eslintte water losses is iormally water required for plant tissue, but the two are usually
not satisfactory in planning studies because of the considered the same. Predictions or estiiates of evapo.
tendency for high evaporation to occur during drought transpiration are basic parameters for the engineer or
years. This is demonstrated by figure 21 where annual agronomist involved in planning and developing water
lake evaporation iiunm precipitation for Bozemtan, resources. Estimates of evapotranspiration are also used
Mont., is shown to be several lintes greater during the in assessing the disposition of water in an irrigation
drought of tle I 10's than during the wetter decades of project, evaluating the irrigation water-mnanagement effi.
tie 1920's and the 1940's. ciency. and projecting drainage requirements.

Probability relationships for annual and mulIt.annual Reliable rational equations are avadable for esti.
reservoii and lake evaporation also are frequently re- mtating evapotranspiration when basic meteorological
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parameters such as net radiation, vapor pressure and the adequac of the total water supply and determining
temperature gradients, A nd speed at a prescribed reservoir storage requirements. The other, a peak use
elevation above the crop or over a standard surface, and rate, is used for sizing the canal and lateral system. For
soil heat flux areavailable. When information onthese general information on the variation of consumptive use
parameters is not available, which is the usual case, in the Missouri Basin, two tables are presented. Table 6
recourse is made to empirical methods. Numerous shows estimated monthly potential evapotranspiration in
equations, both empirical and partially baicd on theory. inches for. 5 years at eight- different -locations. Tab~e 7
have been developed for estimating potential evapo- shows peak period estimated average potential evapo-
transpiration. Estimates from these methods are gener- transpiration values for 7- and. 1 4:day periods for -12
ally accepted as being of-suitable accuracy for planning years at one of the locations, Rapid City, S. Dak,
and developing water resources. Probably the most
widely used methods at this time are the Blaney-Criddle INFILTRATION
method and the Soil Conservation Service adaptation of
the Blaney-Criddle method. A more recent method, The capacity of soils in the Missouri Basin to absorb
nearly developed for general usage. is the Jensen-Haise rainfall varies over an extremely wide range. However, a
solar radiation method. In general terms, these methods gradeal of infiltration-data, from various sources, is
utilize climatic data to estimate a climatic index. Then available in the basin and accordingly, for the'compre-
coefficients, reflecting the stage of growth of individual hensive framework study. A special eftort was made.
crops and their actual water requirement in relationsnip however, to collect and summarize the available data
to the climatic index, are -used to estimate the con- hoevedo xist.

sumptive use requirements for selected crops.

During preliminary phases of this investigation, con-
sideration was given to a careful study of evapo- Generalized Soil Groupings
transpiration in ihe Missouri River Basin. While
desirable, after consideing the information already During the late forties through the mid-fifties, thou-
available from previous isolated studies andti.heir suffi- sands of undisturbed soil samples were taken throughout
ciency for framework planning, it was decided this the basin. By use of the Uhland Core sampling method,
contemplated study was unwarranted for this investi- 3 -inch undisturbed soil cores were brought into labora-
gation. As a result, where estimates of evapo. tories 'and tested. The final rates of percolation were
transpiration have been required, use has been-made of determined after thorough wetting of the core.
the earlier isolated studies and, if needed, the accepted For the framework study. the basin was divided into
empirical methods. six broad soil groupings, as shown on plate I i. The usual

Knowledge of consumptive uses is important in the range of final infiltration rates, in inches per hour. is
case of a large- irrigation project, asdl .?specially for river shown for each grouping. These rates are based upon the
systems as a whole, lHowever, of equal and perhaps more physical soil characteristics only. They include the
importance in the case ofan individual farm or project is combined effects of surface texture, water intake, and
the efficiency with which the water is coniveyed, soil permeability. The effects of land use, cover, manage.
distributed, and applied. The losses incidental to appli, ment, slope, erosion, etc., are not considered in these
cation on the farm and the conveyance system losses and generalized groupings. Therefore, the map should not be,
operational waste may in many instances exceed the used as a direct hydrologic tool to obtain infiltration
water required by the growing crops. In actual opera- rates for precipitation and runoff studies.
tion, the amount of loss is to a great extent a matter of Combined into Group I are those areas of rel- ,y
economics. In areas where water is not plentiful and impermeable soils with infiltration rates of less than .0,
high-value crops arc grown, the use of pipe or lined inches per hour. Only a comparatively small part of the
conveyance systems and costly lane preparation or basin is in this group. It includes the Badlands of Noith
sprinkler systems can be afforded to reduce losses to a Dakota, South Dakota, and Montana, where soils are
minimum. A part of the "losses" may be consumed thin on steep slopes with numerous gullies and where
nonbeneficially by nonproductive areas adjacent to !lhe most of the area is barren or has only a thin stand of
irrigated land or in drainage channels. Usually most of grass cover. It includes also the high Alpine areas of the
the "loss" eventually returns to a surface stream or drain Rocky Mountains, where little true soil has deviloped
and is referred to as return flow. and where the principal vegetation is a thin s 'nod of

In planning irrigation projectv, two consumptive use moss and lichens.
values are developed. One composed of monthly or Combined into Group 2 are those -neas having soils
seasonal values is used with anl adjustment for-effective with infiltration rates ianging from 0.05 to 0.20 inches
precipitation and anticipated "losses" mentioned above per hour. Areas in this group exist in each of the basin
to determine the total water requirement for appraising States except North Dakota. In Missouri, Kansas, Iowa,
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Table 6 - MONTHLY POTENTIAL EVAPOTRANSPIRATION IN INCHES

VLa -O, d AMa M h A No. Dw.

193 0. .81 1.27 2.02 4.25 5.73 7.33 5.74 4.09 2.45 .73 .01
1964 .06 .1S .72 2.04 3.74 4.75 8.35 6.22 3.63 1.99 .58 .20
1965 .41 .26 .42 2.27 3.05 4.89 6.94 6.05 223 2.28 .69 .26
1966 .16 .31 1.42 2.01 4.75 S.43 7.66 5.94 3.64 1.67 .65 .18
1967 .31 .50 1.46 2.17 324 4.06 6.38 6.33 4.08 2.11 .45 0.
Means .19 .41 1.06 2.10 3.81 4.97 7.43 6.06 3.55 2.10 .62 .13

GREAT FALLS. MONTANA
193 0. .56 1.14 1.66 3.18 4.19 6.44 5.54 3.23 1.57 .45 .06
-1964 .18 .40 .43 1.57 3.11 4.54 7.10- 4.35 1.93 1.57 .26 0.
195 .08 .22 .03 1.69 2.64 3.97 5.94 4.53 1.03 1.44 .33 .J5
1966 0. .23 .98 1.25 3.43 3.88 6.09 4.23 3.06 1.00 .20 .13
1967 .13 .38 .46 1.17 3.23 4.18 7.89 6.67 3.78 1.44 .45 .03
Means .08 .36 .61 1.47 3.12 '435 6.69 5.07 2.61 1.40 .34 .08

GLASGOW, MONTANA
1963 0. .13 1.23 1.59 3.35 5.26 7.91 6.66 3.83 1.82 .40 0.
194 .05 .33 .36 2.06 3.48 5.18 8.93 5.73 2.74 1.74 .23 0.
1965 0. 0. 0. 1.64 3.42 5.45 7.59 6.10 176 1.87 .22 .08
1966 0. 0. .95 1.59 3.93 5.34 6.61 5.25 3.53 1.32 .14 0.
197 0. 0. .20 1.55 2.87 4.66 8.28 6.61 3.42 1.43 .35 0.
Means .01 .09 .55 1.69 3.41 5.18 7.86 6.07 3.06 1.64 .27 .02

BISMARCK, NORTH DAKOTA
1963 0. 0. 1:30 1,63 3.45 5.90 6.76 5.64 2.93 1.92 .40 0.
194 0. .07 .18 1.89 3.96 4.25, 6.49 4.57 2.32 1.40 .14 0.
1965 0. 0. 0. 1.24 3.12 4.52 6.04 4.88 1.29 1.63 .30 .071966 0. o . .82 1.20 3.42 5.17 C.24 4,19 2.81 1.26 .03 0.

1967 0. 0. .52 1.23 3.39 4.63 7.53 5.89 3.43 1.12 .24 0.
Means 0. .01 .52 1.44 3.47 4.89 6.61 5.04 2.56 1.47 .22 .01

RAPID CITY, SOUTH DAKOTA
1963 0. .38 1,39 1.83 3.82 5.74 6.67 5.97 3.46 2.34 .66 .06
1964 .25 .31 .62 1.90 3.68 4.75 7.05 5.24 3.16 1.76 .43 0.
1965 .13 .22 .05 1.92 3.07 4.33 5.93 4.96 1.67 1.88 .49 .28
1966 0. 0. .92 1.27 3.46 4.64 6.40 4.33 2.86 1.36 .41 .16
1967 .25 .36 .95 1.95 2.92 3.58 6.17 5.43 3.27 1.74 .56 .06
Means .13 .26 .79 1.78 3.39 4.61 6.44 5.15 2.89 1.82 .51 .11

OMAHA, NEBRASKA
1963 0. .17 1.22 2.38 3.89 6.94 7.05 5,65 3.74 3.23 .89 0.
1964 .27 .38 .80 2.19 5.39 6.02 7.76 4.89 3.16 1.92 .56 .02
1965 0. 0. .21 2.21 4.94 5.82 6.51 5.71 2.17 2.60 .74 .38
1966 0. .24 1.54 1.73 4.75 6.15 7.54 5.80 3.33 2.04 .63 .13
1967 .05 .12 1.38 3.10 3.27 5.54 7.31 6,31 3.45 1.55 ,61 .15
Means .06 .18 1.03 2.32 4.45 6.10 7.23 5.67 3.17 2.27 .69 .14

MANHATTAN, KANSAS
1963 .03 .79 2.02 3.63 4.52 7.88 8.36 7.19 5.52 4.03 1.34 .27
1964 .80 .89 1.80 3.13 6.53 7.66 9.74 6.74 4.82 2.97 1.06 .43
1965 .55 .71 1.32 3.27 5.22 5.68 7.09 5.98 3.34 2.95 1.17 .70
1966 .37 .76 2.46 2.20 5.71 5.73 8.88 6.29 3.77 2.71 1.10 .46
1967 .51 .79 1.75 3.23 4.06 5.61 6.39 6.59 3.60 2.12 .92 .43
Means .45 .79 1.83 3.09 5.21 6.51 8.09 6,56 4.21 2,96 1.12 .46

COLUMBIA, MISSOURI
1963 0. .34 1.69 2.88 4.83 7.25 7.56 6.10 4.43 3.42 .92 .02
1964 .52 .53 1.17 2.89 5.34 5.85 7.50 6.30 4.14 2.26 .96 .29
!%5 .32 .51 .69 2.90 5.84 5.75 6.39 5.37 3.55 2.16 .91 .55
1966 .14 .46 1.61 1.89 4.36 5.57 7.49 5.44 3.29 2.16 .98 .35
1967 40 .48 1.56 3.00 3.85 5.76 7.44 6.24 3.84 1.92 .80 .34
Mean% .28 .46 3.34 2.71 4.84 6.04 7.27 5.89 3.85 2.38 .91 .31

and Nebraska, areas in this group are characterized by cultivated crops. Poor soil structure and poor soil tilth,

deep silty clay and clay loam soils with a slowly along with clean cultivation, aggravate the problem of
petmeable, compact, claypan subsoil. Average slopes are water intake and infiltration into the soil. In Montana,
in ile 4 to 7 percent range, Much of the area is in Wyoming, and South Dakota, areas in this group Ir the
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most part have moderately deep soils formed from the stubble-mulch is maintained or the surface is otherwise
Pierre and Fox Hills shales. Much of the area has fair kept open. infiltration into these-soils can he increased.
stands of mid and short grasses, and some of the deeper Areas in Group 5 have infiltration rates ranging from
soils are in crops. 2.0 to 6.3 inches per hour. They consist primarily of

the alluvial soils of stream floodplains and other areas of

Table 7 - PEAK PERIOD POTENTIAL EVAPO- moderately sindy soils with moderately rapid perme.
TRANSPIRATION IN INCHES PER DAY, ability. In western Nebraska and northeastern Colorado.

RAPID CITY, SOUTH DAKOTA the Group 5 areas include some of the most valuable

7-dy Period 14y Periodirrigated land in the Missouri Basin.

19S 0.30 0.2 0.28 025 6.3Arnces inr Grou. 6Thae snhlof initainNebraska inrtscompriseofe
1956 0.29 0.23 0.26 0.21 the greater part of the Group 6 area. Soils are deep,
1957 0.28 0.26 0.27 0.25 sandy, and rapidly permeable. About 90 percent of the
1958 0.22 0.28 0.20 0.26 area has native, bluestem vegetation. The area produces1959 0.29 0.25 0.27 0.25

1960 0.29 0.27 0.27 0.24 little surface runoff and is considered to be one of the
1961 0.25 0.29 0.25 0.25 greatest ground-water recharge areas in the Nation.
1962 0.23 0,25 0.20 0.23 The six broad soil groupings described are delineated
1963 0.24 0.22 0.24 0.21
1964 0.27 0.27 0.26 0.24 on plate I I of this appendix. It should be understood
1965 0.22 0.23 0.21 0.21 that within each of the six delineated areas, small areas
1966 0.24 0.19 0.23 0.18 with different soil types and different infiltration

characteristics exist.

Areas in Group 3 have infiltration rates ranging from
0.20 to 0.60 inches per hour, and they exist in-all of the Infiltrmate Field-Plot Test Data
basin states. Soils are deep to moderately deep silt
oarns, clay oams, and silty clay oams. They have a Field infiltrometer test data, made with various types
moderately slow permeability and a relatively high water of infiltrometers or rainfall simulators, were furnished
storage capacity. Except in the foothills areas of by the Soil Conservation Service, the Forest Service, the
Colorado, Wyoming, and Montana, a large part of the Agricultural Research Service, and the Bureau of Recla-
area in Group 3 is in cultivation, mation. The test data furnished show infiltration rates

Areas in Group 4 have infiltration rates ranging from ranging from 0.04 to 9.7 inches per hour.

0.60 to 2.0 inches per hour. The aggregate area in
Group 4 is larger by far than in any other of the six Infiltration Data from Hydrogaph and
groups. Soils are deep, medium textured, and moder- Storm Analyses
ately permeable, and they are dominantly in cropland
with some pasture. Before cultivation started, almost Infiltration data obtained from hydrograph analyses
100 years ago, these soils had a good granular structure and storm studies were furnished by the Bureau of
and a good water intake rate. As a result of continuous Reclamation and the Corps of Engineers. Most of the
cultivation, erosion losses, and poor crop residue man- data are for areas above stream gaging stations although
agement, the surface soil ave lost much of their former some are for areas above other locations such as dam-
ability to take in water, in freshly plowed fields the sites, reservoirs, and mouths of stream. The data show
surface layer puddles and seals over immediately follow, infiltration rates ranging from 0.01 to 1.32 inches per
ing rains of more than about 1/4 inch. If a good hour.
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CHAPTER 5

SEDIMENT

INTRODUCTION geology, physiography, and soils, and the collection of at
least enough suspended sediment discharge data to

The Missouri River Basin covers a very large and provide some comparison with established stations.
diverse area varying from flat, essentially non-draining
land to high mountains; from highly erodible soil to SEDIMENT YIELD CH'AACTERISTICS
rock; and from subhumid to semiarid climate. Within
these diversities, there are areas of more or less localized £.-diment yield estimates have been made in terms of
characteristics; thus, it is not possible to develop simple tons per year per square mile of drainage. For most
formulae nor an overall relationship for sediment yields purposes it will be necessary to convert these values to
within this basin. Sediment yields, representing all terms of acre-feet or other volume unit, the most
sediment carried by the streams, in tons per square mile commonly used conversion value being 65 pounds per
per year, range from near zero in streams draining the cubic foot (dry weight) or 1,416 tons per acre-foot. This
mountainous areas to 10,000 or more in streams value is reasonably adequate for sediments derived from
entrenched in the more erodible soils of the central average soils; however, the actual volume-weight ratio
Missouri Basin. for sediments deposited in reservoirs will vary from as

It has been necessary to analyze the basin, area by low as 30 pounds per cubic foot (650 tons per acre-foot)
area, considering the, availability of suspended sediment for thixotropic deposits of Bentonitic clays such as
sampling data, physiographic and geologic information, found in the White River Basin to 85 to 90 pounds per
soils, topography, climate, runoff, vegetation, land use, cubic foot (2,200 tons to 2,300 tons per acre-foot) for
upland erosion, channel erosion, and knowledge of predominantly sandy deposits. These values will also
sediment transport and delivery. The magnitude of te vary with the reservoir operation; i.e., deposits con-
task precluded any analysis on a relatively localized taming a moderate to high proportion of clay and silt
basis. Data on sediment sampling and reservoir size sediments will attain a higher density if exposed to
sedimentation surveys were assembled, generalized soil air frequently or for long periods of time than will
maps and physiographic and geologic maps were similar deposits if continuously submerged.
consulted, and runoff data considered. With these as a The sediment yield from a given area is dependent
basis, and from technical knowledge of the area, it was primarily on ten factors: Geology, topography, soils,
possible to develop generalized maps of sediment yield. sheet erosion, upland erosion, channel erosion, climate,
In some areas, data from field reconnaissances were runoff, ground cover, and land use.
available to aid in the analyses.

The sediment yield estimates apply only to drainages Geology is concerned with the development of the earth
in excess of 100 square miles. For smaller areas a single mantle; whether hard rock, weathered rock, immature or
erosion feature may be predominant, while in the larger partially formed soils, or fully developed soils. Hard
areas the local features usually will be integrated to rock, of course, produces essentially no sediment yield.
produce a reasonable average. It must be recognized also -Weathered rock, immature soils, glacial moraine
that the generalized estimates cannot always be deposits, and alluvial deposits are increasingly suscep.
definitive even foi the larger areas. They are considered tible to erosion, while weathered shale, friable fine
to be adequate for preliminary planning, but the sands, and deep acolian deposits have an extremely high
available information from which they were developed sediment yield poteiltial.
is, in most instances, inadequate to delineate the
variations which occur even within reasonably large Topograpky- The obvious factor involved in the effect
drainages. Prior to the final design of any project, tie of topography on sediment yield is the degree of slope,

sediment yield estimate siould be refined by a field whether the land surface is level, gently sloping, rolling,

reconnaissance of the drainage, review of the local hilly, or steeply sloping, for it is the slope that largely
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governs the velocity and the erosive power of the runoff. with sparse vegetation, and high intensity storms is
In order to induce a major sediment yield, however, it is conducive to erosion, although it may be restricted by
also necessary for the topography to be such that the the infrequency of storm occurrences.
eroded sediments are transported into defined water
courses. For example, even a deeply eroded hillside may Runoff- High intensity runoff has a high potential for
not add appreciably to the downstream sediment yield if both erosion of the land ,and transport of the eroded
the eroded materials are deposited on a valley floor materials. It is most often associated with the high
rather than moved into the stream network. intensity storms and sparse ground cover typical of arid

or semiarid -!reas; thus, its effect may be limited by
Sods- In general, soils containing a high proportion of infrequent occu:rences.
clay-size materials are difficult to erode, particularly if
the total mixture is sufficiently well graded to form a Ground Cover- In an area which is completely covered
relative dense material. Well consolidated soils and soils by vegetation, litter, or rock fragments, rainfall haslittle
containing rock fragments also tend to erode slowly. On opportunity to either- reach erodible material readily or
the other hand, friable and sandy soils erode readily. run off with sufficient intensity to transport sediments.
Soils with. the greatest erosion potential appear to be Conversely, an unprotected area may be susceptible to
those in which there is a very small range of grain sizes, both erosion and transport.
such as the loess deposits in western Iowa, and the
weathered shale. The inclusion of bentonite and of Land Use- To a certain degree, ground cover and land
soluble salts in soils and alluvial materials increases the use are associated factors; however, the variation
erosion potential. between cultivated and unbroken land is important as is

the-distinction between row-crops and smalLgrain and
Skeet Erosion- The impact of raindrops and of snow- between lightly grazed or heavily grazed pasture. Soil
melt runoff on land surface everywhere causes erosion. conservation practices may decrease downstream yield,
The sediment thus detached is transported away by particularly if the drainage net is so developed that
runoff in the form of sheet flow or in small rills. Because eroded materials are introduced directly into flow
of the total area thus affected the quantity of sediment channels or if channel controls are constructed in
is large. Sheet erosion is the major cause of sediment head-cutting areas.
production in the Missouri Basin.

Upland Erosion- Upland erosion, evidenced by rills or DETERMINATIONS OF SEDIMENT YIELD
channels on the hillsides, may produce a very high
sediment yield locally and provide serious problems in The sediment yield to be anticipated at a project site
soil conservation. To be effective in downstream sedi- is, of course, most accurately determined if a long period
ment yield, however, it is necessary that the hillside record of sediment discharge has been obtained at the
erosion be associated with 'a reasonably well developed site. Such records are seldom available, however, for it is
drainage network. If the hillside erosion features drain seldom that the probability of the future justification of
onto a flat alluviai plain, only a small portion of the a project can be adequately established to permit the
eroded material will be moved into stream channels, operation of a sediment discharge statior for the 10-year

to 20-year period required to develop a reasonable value
Channel Erosion- This feature includes gully erosion at of average annual sediment yield. In some cases, a
well as erosion of mature stream channels. In the Soldier station may be operated during a 2- or 3-year planning
River of western Iowa, as an example, a very high period. The record thus obtained is, of itself, inadequate,
sediment yield results from the head cutting of the but it is valuable as a reference in combination with
parent stream and its tributaries into *the deep loess, other available information.
Material front pronounced hillside erosion appears to In many areas there will be sediment discharge
deposit on the narrow alluvial plains rather than to enter records for other locations on the stream in question or
the stream channel. In more mature streams, sediment for other streams in the same general area. Even the
production is usually a result of eroding channel banks. records for streams in the same major drainage may be

helpful. In utilizing such records, however, it must be
Climate- There are several climatic factors affecting recognized that the area contributing to any given
land erosion; i.e., total rainfall, rainfall intensity and station may be composed of segments having different
duration, freezing and thawing cycles, and proportion of sediment yield characteristics. For any rational evalua.
precipitation falling as snow. In general, erosion is least tion of the station data it is necessary to balance an
with a humid climate which encourages vegetation, with estimated yield from each of these areas against the
low intensity storms, and with snow fall. An arid climate integrated yield a' the station. On this basis, areas
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draining to tie project in question may be compared for EFFECTS OF WATER CONTROL PROJECTS
assistance in determin*,ng sediment yields. Sediment ON SEDIMENT YIELD
yields at all available sediment sampling stations
throughout tie Missouri Basin are listed in table 8. In order to analyze the effects of water control

Except for those rare instances of an adequate record projects on sediment production, it is necessary to
at a desired site, there is no adequate substitute for a analyze the process of sediment erosion and transport.
field reconnaissance by competent personnel in deter- When the soil surface is 'disturbed by rainfall, only a
mining sediment yield in an area as diverse as the small portion of the disturbed naterial will be removed
Missouri Basin. For preliminary planning purposes, maps from a given area. Tile remainder will be moved only a
of estimated ranges of sediment yield for drainages in short distance to lodge in an adjacent furrow or against a
excess of 100 square miles have been prepared. They clump of grass, a fence post, or other object. The
were developed on the basis of available sediment material moved from the area will be collected in small
discharge data, reservoir sedimentation survey data, soil rills or channels, but when it is discharged into a larger
maps, geologic and physiographic maps, and technical channl with a lesser slope and lower velocity of flow a

knowledge. This was supplemented, in some areas, by large proportion of that material will be deposited as a
information fron detailed field reconnaissance. made debris fan, or may aggrade the bed over a long reach.
for projects currently under investigation. Yield values The remainder will be moved to the next larger channel
were determined as a range for example. 500 to 1,000 where a proportion will be deposited, and this process
tons per square mile per year, since local variations make continues until the material remaining in transport
it impractical to develop specific values for generalized reaches a stream where the flow is adequate to maintain
areas. These maps are shown as figures 22 through 29. an average balance between the material introduced and

No general yield values have been developed for the material transported. The debris falls and channel
application to drainage areas of less than 100 square deposits, in turn, may be eroded later by larger flows in
miles. For such areas, local conditions frequently vary to tie channels in which tl., were deposited.
such an extent that tie inclusion or exclusion of a Material eroded from hillside rills may in some cases
single-tributary area might result in a radically different be almost immediately introduced into a flow system, or
sediment yield. For areas of 10 square miles or less, the it may be more or less permanently deposited on a flat
stage of development of various erosion features is valley floor. Fine.grained material eroded from gullies
extremely important; for example, all active, head- would normally be expected to remain in a flow system,
cutting gully might produce extremely high sediment but it may go through the process of deposition and
yields while a mature gully in the same area might re-erosion, depending on particle size distribution.
produce only a moderate yield. A field reconnaissance of Investigations of erosion i ldaiment transport have
such areas is the only rational method of developing indicated that the sediment yield at the lower end of a
sediment yield values, drainage of less than I square mile may be as much as 50

percent to 75 percent of the material eroded. In the case
of severe gullying it may be even larger. This proportion

SEDIMENT YIELD VALUES FOR PROJECT decreases as the size of the drainage increases until, with
PLANNING drainages of .0 square miles or more, the average yield

approaches 10 percent.

The effect of projects for conservation, irrigation,
For preliminary plaining of projects involving drain- flood control, or similar prposes will thus depend

ages of 100 square miles or more, the values developed largely upon the nature of the project, character of
for tile subbasin reports should be adequate. It must be the drainage, and the area of the di,,nage involved.
recognized that the importance of local variation is in an lxperimuental projects have demonstrated that the appli-
inverse ratio to the size of the drainage; thus, it is cation of soil conservation practices on drainages of tip
recommended that the higher values of the yield range to I square mile, with only a moderately developed
be tentatively used for tie relatively small drainages. As drainage net, can reduce the sediment yield by as much
the size of tie drainage increases, tie median or even the as 85 percent. With increasing size of the diainage,
lesser values of the range might be appropriate, however, the effect of soil conservation on sediment

For filial planning, except for veiy larce drainage yield at a downstream point decreases rapidly. Much of
areas of several thousand square miles, a field recoinais, the sediment previously cioded from the land surface
sance is recommended. Specific yield values can be will remain available for continuied muovement fiom the
assigned to yauous segments of tie diainage and debiis falls and flow channels for long peiods of time
weighted by proportionate areas. Thk use of topog- and additional erosion may be induced. While there is no
raplhic, physiographic, and soils maps is helpful in this question as to (ie %,alue of conservation practices I-) the
process, land on which they are applied, it is unwise to assume
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Table 8 - SUSPENDED SEDIMENT DISCHARGE

Piiod tSiandad
USGS Drinie Ara of Yewrs Period of Period Tons

Station Gros Contibuting Record of Record 1948-1963 Per

Numberl Subbasin and Location Sq. Mi. Sq. AS. Years Record Tons Tons Sq. Mi.
Upper 'Missouri Subbasin

0185 Beaverhead River at Blaine. Mont. 3,619 1963-64 2 33,600 9
0255 Big Hole River near Melrose, Mont. 2,476 1957, 5 26.900 i I

61-64
0265 Jefferson River near Twin Bridges. Mont. 1958-59

7,632 1961-62 4 93,700 12
0545 Missouri River at Toston. Mont. 14,669 1950-53 4 396.000 27
0711 Little Prickly Pear Cr. at Sieben Ranch

near Wolf Cr., Mont. 270 1963 i 1.420 5.31

0713 Little Prickly Pear Creek at Wolf
Creek, Mont. 381 1963 1 2,690 7.11

0995 Marias River near Shelby,. Mont. 3.242 1950-51 2 1,000.0002 3102
1080 'reton River near Dutton, Mont. 1.308' 1955-57 3 92,1002 .702
1150 Missouri River at Power Plant Ferry, Mont. 13,0003 1949-51

1958-63 9 5,829,000 448
1276 Musselshell River near Mosby. Mont. 5.941 1949-50

1963-65 3 431,0002 732

1740 Willow Creek near Glasgow, Mont. 538 1954-63 10 892.000 1.660
1745 Milk River at Nashua, Mont. 1 8,3003 1949-58

1961-63 12 1,505,000 82
1770 Missouri River at Wolf Point, Mont. 24.7344 1949-63 15 3,995,000 162
1855 Missouri River at Culbertson. Mont. 34,0004 1948-515

1959-63 9 5,354,000 207
I Yields for 1964-65 were much higher, but were affected by highway construction.
2 Yield affected by diversions to offstream reservoir(s).
3 Approximate.
4 Drainage Area below Fort Peck Reservoir.
5 At Snowden, Mont. in 1948 and 1949.

Yellowstone Subbasin
Butcher Creek near Luther. Mont. 9 1960-62 3 1201 13
Butcher Creek near Roscoe, Mont. 1960-62 3 1,1001 44
Butcher Creek nearihtail, Mont. 1960.62 3 1,9001 58

2043 Butcher Creek near Absarokee, Mont. 39.6 1960-62 3 3,000' 76
2077 North Fork Bluewater Creek, near

_ Bridger. Mont. 7.5 1961-63 3 2501: 34
2078 Bluewater Creek near Bridger, Mont. 27.5 1960-63 4 2,3001 84
2078.5 Bluewater Creek at Sanford Ranch near

Bridger. Mont. 43.9 1961-63 3 5,000,1j 15
2078.7 Bluewater Creek near Fromberg. Mont. 46.6 1961-63 3 6,5001! 140
2079 Bluewater Creek at Froniberg. Mont. 53.2 1960-63 4 20,0001 380
2280 Wind River at Riverton, Wyo. 2.309 1949-56 8 448,000 470,000 204
2350 Beaver Creek near Arapaho, Wyo. 354 1951-53 3 124.000 130,00010 36710
2355 Little Wind River near Riverton, Wyo. 1,904 1949-53 6 244.000 220.000 116

1956
2360 Kirby l)rawncar Riverton, Wyo. 182 1951-53 3 4.500 25
2390 Muskrat Creek near Shoshoni. Wyo. 733 1950.58 13 194,000 160.000 220

1960-63
2445 Fivemile Creek near Pavillion. Wyo. 118 1949-58 13 34,0002 37,0002 3142

___1961-63 ....... 1.

I Computed on basis of twice weekly saul pies.
2 Not representative of naItural yield becaue of development of ulstream controls. Fstimated delivery of 70.000 tons per year, or

600 tons per square mile per year prior to control and 6,00) tols per year. or 50 tons per square mile per year under present condi
tiolls.

30 Approximate.
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Table 8 (Continued)

ASS mud Sedieiot
P"Standard

USGS s re of Years Period Of Period ToM
Reod 1948-1963 PerStation -Grime Contiributing Record of1" Record A1mal S en

Number Sublisn and LaOCio. Sq. Mi. Sq. Mi. Year R d Tons ToNs S. ML
Yellowstone Subblsia (Continue)
2500 Fivemile Creek near Riverton, Wyo. 356 1950-58 !13 660,0003 660,0003

1960-63

2530 FivemileCreeknearShoshoni, Wyo. 418 1949-63 15 1,080,0004, 1,100,0004

2555 Poison Creek near Shoshoni, Wyo. 500 1949-53 6 13,900 20,00010 4010
1956

2570 Badwater Creek near Bonneville. Wyo. 808 1948-53 15 239.000 227,000 281
1955-63

2575 Muddy Creek near Pavillion. Wyo. 267 1949-53
1955-58 12 150.0005 140.000 5245
1961-63

2580 Muddy Creek near Shoshoni. Wyo. 332 1949-63 15 286,0006 300,0006
2585 Dry Cottonwood Creek near

Bonneville, Wyo. 165 1951-53 3 94.000 570
2595 Bighorn River at Thermopolis, Wyo. 8,020 1947-51 5 4,700.000 580

3197 1952 1 239,000 750
2670 Gooseberry Creek at Neiber, Wyo. 361 1952 1 271,000 750
2685 Fifteen Mile Creek near Worland, Wyo. 518 1 1951-63 13 583,000 600,000 1,160

2690 Bighorn River near Manderson, Wyo. 11,020 1947-51 5 7,560,000 695
3,3197 1952-53 3 1,730,000 500

1956
2765 Greybull River at Meteetse, Wyo. 681 1955-56 2 162,000 238
2780 Dry Creek at Greybull. Wyo. 433' 1952-53 2 97,000 224
2795 Bighorn River at Kane, Wyo. 15,846 1947-51 5 10,680,000 674

8,1457 1952-63 12 4.020.000 4,300.0008 528
2855 Sage Creek near Lovell, Wyo. 381 1951-53 3 200,000 525

2862 Shoshone River at Kane, Wyo. 2,989 1960-63 4 1,543,0009 516 9

2947 Bighorn River at Bighorn, Mont. 22,885 1948-51 4 11,100,000 485
15,1847 1952-54

1956-58 10 5,300,000 5,700,000 375
1960-63

3085 Tongue River at Miles City, Mont. 5,379 1947-51 5 568,000 420,000 7810
3090 Yellowstone River at Miles City, Mont. 48i253 1949-51 3 16,583,000 343
3095 Middle Fork Powder River above

Kaycee. Wyo. 450 1949-53 5 53.000 60,00010 13310

3125 Powder River near Kaycce, Wyo. 980 1950-53 4 214,000 240,00010 24510
3130 South Fork Powder River near

Kaycee, Wyo. 1,150 1951-53 3 1,115,000 1,800,00010 1,56010
3135 Powder River at Sussex. Wyo. 3,090 1950-53 4 2,690,000 3,500,00010 1,13010
3165 Crazy Woman Creek near Arvada, Wyo. 956 1950-53 4 150,000 175,00010 18020
3170 1 Powder River at Arvada, Wyo. 6,050 1947-57 I1 4,850,000 5,500,000 910

3240 1 Clear Creek near Arvada, Wyo. 1,110 1950-53 4 120,000 150,000' 0  13510
3265 Powder River near Locate, Mont. 13,189 1950-53 4 5,000,000 7,000,000 53010
3295 Yellowstone River near Sidney, Mont. 69,103 1938-63 26 27,380,000 20,982,000 304

3 Not representative of natural yield because of irrigation return flow. Estimated 200,000 T/yr. under present conditions.
4 Not representative of natural yield because of irrigation return flow. Estimated 250,000 T/yr. under presetll conditions.
5 Not representative of natural yield because of development of upstream controls. Estimated delivery of 60.000 tons per year or 225

tons per square mile per year under present conditions.
6 Not representative of natural yield because of irrigation return flow.
7 Contributing area below Boysen Reservoir.
8 Estimated yield for standard period under conditions of upstream control as of 1903.
9 Not representative of natural yield owing to storage in Buffalo Bill Reservoir and irrigation developments.

30 Approximate.

l 11 n 1n 1 "iI II
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Table 8 (Continued)

AveNse Annal SuimMt

USGS Daina Are oa Years e" of hr"l Tom
suaols Gee Coal iti Record of Re~ad 1948-1963 Pa
Numlb Subbads ad Locatios Sq. Mi. Sq. ML. Yeas Ror Tom Toms Sq. Mi.

Wesm Dob Subbauin
3340 Little Missouri River near Alzada. Mont. 904 194951 3 130,000 150,0001 1651
3355 Little Missouri River at-Marmarth, N. D. 4.570 1953-54 2 1.460,000 1,800,000' 3951
3360 Little Missouri River at Medora, N. D. 6,190 1946-51 6 3.620,000 3.000,0001 4851
3370 Little Missouri River near

Watford City. N. D. 8.490 1948-63 16 5,850,000 5,850.000 689
3395 Knife River near Golden Valley. N.D. 1.230 194749 3 151,000 100,0001 811
3405 Knife River at Hazen, N. D. 2,350 1948-63 16 150,000 150,000 64
3430 Heart River near S. Heart, N.D. 315 1947-51 5 26,300 17.0001 541
3455 Heart River near Richardton, N. D. 1,240 1947-52 6 324,000 200,0001 2381
3490 Heart River at Mandan. N. D. 1,6005 1950-54 5 1,020,000 673

1955-63 9 559,000 350
3510 Cannonball River nearNew Leipzig. N. D. 1.140 1947-50 4 336,000 200,000' 1751
3525 CedarCreek near'Pretty Rock, N. D. 1,340 1947-49 3 49,100 4 5 ,0 0 0 ' 341

3540 Cannonball River at Breien, N. D. 4,100 1949-51
1%0-63 7 625,000 456,000 113

3550 N. Fork Grand'River, Haley, N. D. 509 1962-63 2 9,530 29,010 57-
3575 Grand River at Shadehill, S. D. 3,i20 1946-50 5 605,000 ... 2

3580 Gra.d River at Wakpala, S. D. 2,390 1951 7 451,0006 920,000 384
1958;63

3590 Moreau River at Bixby. S. D. 1,570 1949-51 3 476,000 2001
3595 Moreau River near Faith, S. D. 2,660 -194749 3 649.000 450,0001 2001
3605 Moreau River, Whitehorse, S.D. 5,2234 1948-51 10 2,651,000 3,140,000 606

4,880 1958-63
3860 Lance Creek at Spencer, Wyo. 2,070 1951-54 4 830,000 800,0001 3851
3940 Beaver Creek near Newcastle, Wyo. 1,320 1950-57 8 139,000 200,000 150

4000 Hat Creek near Edgemont, S.D. 1,044 1951-54 4 112,000 1001
4005 Cheyenne River near Hot Springs, S.D. 8,710 1946-63 18 1,707,000 1,662,000 191
4015 Cheyenne River below Angostura

Dam, S. D. 1952-53
9,1003 1955-63 11 1,230

4265 Belle Fourche River below Moorcroft,
Wyo. 1.730 1950-51 2 43,000 60'

4370 Belle Fourche River near Sturgis, S. D. 5,870 1956-58 3 653,000 200'

4395 Cheyenne River, Eagle Butte. S. D. 24,500 1948-51 10 7,952,000 7,772.000 317
1958-63

4415 Bad River, Fort Pierre. S.D. 3,107 1948-63 16 4,225,000 4,225,000 1,350
4460 White River near Ogala, S.D. 2,200 1947-52 6 267,000 190,000 86
4470 White River near Kadoka, S. D. 5,000 1950-54 5 7,463,000 7,500,000 1,500
4505 So. Fk. White River below White

River, S. D. 1951-54
1,570 1956-58 7 204,000 190,000 120

4520 White River, Oacoma, S.D. 10.200 1940-63 23 13,000,000 12,000,000 1,177
4535 Ponca Creek at Anoka, Nebr. 410 1951-52 2 200,000 150,0001 370 I

1 Approximate: available data are insufficient to permit a reliable estimate of yield.
2 Shadehill Reservoir closed June 30, 1950. Natural yield for period 1948-63 probably did not exceed 350,000 tons per year.
3 Outflow from reservoir.
4 At Promise, S. 1). prior to 1959.
5 Iklow Ileart lutte Dam.
6 Additiowlt record.by Corps of Engineers.
7 Subsequent to storage in Shtadehill Reservoir.

Eastern Dakota Subbasin
4855 1 Big Sioux River at Akron, Iowa 5,6002 1941-51 II 1,114,200 932,0001 167

I 194 .1960, since stream discharge records not available stibsequent to 1960.
2 Based on field recon1a issa:ice.
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Table 8 (Continued)

_- Average Annual Sediment

Period Standard
USGS DI~rnie Area of Years Period of Period Tons

Station Gross atntributing Record of Record 1948-1963 Per
NL. Sabbesis and Location Sq. Mi. Years Record Tons Tons Sq. Mi.

Platte-Niobrara Subbadn
4565 Niobrita River near Hay Springs, Nebr. 1953-55 3 7,6501

1948-50
4575 Niobrara River near Gordon, Nebr. 4,290 1954-55 5 88,6002 85,000
4590 Niobrara River near Cody, Nebr. 1948-54 7 536,2002, 550.000
4615 Niobrara River near Sparks, Nebr. 8,090 1948-50 3 930,4002 900,000
4630 Niobrara River at Meadville. Nebr. _ 951!52 2 1.850,0002 1,500.000

4635 Long Pine Creek near Riverview, Nebr. 390 1948-51 4 167,000 150,000 385
6379.1 Rock Cr. at Atlantic City, Wyo. 21.3 1958-63 6 1,5603
6430 Bates Cr. near Alcova, Wyo. 393 1957-58 2 100,200

1951-53
6435 No. Platte River near Goose Egg, Wyo. 10,745 1957-58 5 314,2004
6450 No. Platte River below Casper, Wyo. 11.733 1948-52 5 527,0004

6500 No. Platte River near Douglas, Wyo. 13,180 1948-52 5 699,0004
6540 No. Platte River near Cassa, Wyo. 14,621 1948-53 6 919,0004

6560 No. Platte River below Guernsey Res.,Wyo. 15,021 1948-53 6 57,4004
6700 Laramie River near Uva, Wyo. 3,818 1953-57 5 14,9004

7100 So. Platte R. at Littleton, Colo. 3.069 194248 7 384,000_7  125
7120 Cherry Cr. near Franktown, Colo. 169 194245 6 39,1007 231

194748
7125 Cherry Ct. near Melvin, Colo. 360 194248 7 260,0007 722
7180 Clear Cr. below Idaho Springs, Colo. 264 1953-55 3 33,000
7185 No. ClearCr. near Blackhawk, Colo. 55.8 1953-55 3 2,300
7205 So. Platte R. near Henderson, Colo. 4,713 194244 6 1,129,000"  299

194648 1
7570 So. Platte R. at Sublette, Colo. 12,170 194448 5 729,0007 60
7580 Kiowa Cr. at Elbert. Colo. 28.6 1957-64 8 740
7581 West Kiowa Cr. at Elbert, Colo. 35.9 1963-64 2 800
7582 Kiowa Cr. at Kiowa, Colo. 111 1957-64 8 1,710
7590 Bijou Cr, near Wiggins. Colo. 1,314 1951-55 5 953.000
7595 So. Platte R. at Fort Morgan, Colo. 14,810 194448 5 1,827,0007 124
7600 So. Platte R. at Balzac, Colo. 16,852 194248 7 1,328,0007 79
7710 Wood River near Riverdale, Nebr. 379 1948-51 4 37,900 40,0006 105
7755 Middle Loup River at Dunning, Nebr. 1,760 1947-52

1954 7 300,000 300.0006 170
7840 South Loup R. at St. Michael, Nebr. 2,560 1946-53 8 800,00Q 600,0006 234

7850 Middle Loup R. at St. Paul, Nebr. 7,720 1946.53 8 2,640,000 2,400,0006 311
7905 North Loup River near St. Paul, Nebr. 4,460 1946-53 8 1,220,000 1,250,0006 280
7935 Beaver Cr. at Loretto, Nebr. 311 1947-50 4 71,700 227
8035 Salt Cr. at Lincoln, Nebr. 710 1951-54 4 2,250,0006 1,500,0006 2,110
8055 Platte R. near Ashland. Nebr, 85.500 '940.51

I 1 1953-63 23 14,963,000 15,227,0006 178

1 Stream flow winusually low in this period.
2 Yield afected by storage in Bov Butte Reservoir and by large noncontributing areas.
3 Affected by storage in Rock Creek Reservoir. and by mining operations, since October 1961.
4 Sediment discharge greatly affected by storage and diversions.
5 Total sediment load about 500,000 tons per year. (285 '17Y/Sq. Mi,).
6 Partly estimated.
7 Records considered poor to fair.
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Table 8 (Continued)

I ~Avesage Ainuadsedimet

Period .SbrAd
USGS, [ Am Of Yem Pftiod of hniod, Tons

StationmGr Conilltinq Record of Record -1941963 Per
Nmba Subbasn aad Location Sq. ML . Years Recoid Tons Tons Sq. ML

Middle Misoui Sublbsil
6005 Floyd River at James, Iowa 882 1955-56 2 45,065 236.000 268
6020 West Fork ditch at Holly Springs, Iowa 399 1958-63 6 403,000 444,000 1.1126024 Monona-Harrison ditch near Turin, Iowa 4,460 1940-51 121 5,313,000
6075 Little Sioux River near Turin. Iowa 4,460 1940-51 12' 2,120,000 1,777

3,526 1960-63 4 3,103,000 880
6072 Maple River. Mapleton,,Iowa 669 1 1940-51 12 1,936,000 1.775.000. 2.690
6066 Little Sioux River, Correctionville, Iowa 2,500 1950-62 13 687,000 610,400 244
6067 Little Sioux River, Kennebec, Iowa 2,738 1940-57 18 2,368,000 1.969.806 719
6085 Soldier River, Pisgabh, Iowa 407 1941-51 11 4,189,000 3,960,000 9,500
6095 Boyer River. Logan, Iowa 871 1945-51 7 7,378,000 4,720,000 5.430
8100 Nishnabotna River, Hamburg, Iowa 2,800 1940-51 12 13,950,000 10,200,000 3,650
8140 Turkey Creek, Seneca, Kans. 276 1950-54 5 1,004,000 ,670,000 2,425
8150 Nemaha River, Falls City, Nebr. 1.340 1950-63 14 5,862,000 6,140,000 4,580
8090 Davids Creek, Hamlin, Iowa 26 1953-66 14 41,600 1,560
8080 Mule Creek, Malvem. Iowa 10.6 1955-59

1962
1964-66 9 23.900 2,257

8095 E. Nishnabotna River, Red Oak, Iowa 894 1964-66 3 2,832,000 3,168

I Prior to January 1958, part or all of the flow of the Little Sioux River was diverted into the Monona-Harrison ditch aboveTurin.

Kansas Subbesin
8215 Arikarce River at Haigler, Nebr. 1.460 1,330 1948-51 4 159,000 120
8270 S. Fork Republican River near Colo.-

Kansas State Line 1,860 1949-50 1
8275 S. Fork Republican River near Benkleman,

Nebr. 2,580 7002 1962-63 2 10,300 158
8285 Republican River, Stratton, Nebr. 7,940 ... 3 1951 1 3,220,000

1953-54 2 50,000
8295 Republican River at Trenton, Nebr. 8,100 ... 3 1947-49 3 1,593,000

1 1 19504 1 749,000

8325 Frenchman Creek near Enders, Nebr. 1,300 820 .19471 1 29,000 35
8380 Red Willow Creek near Red Willow, Nebr. 710 400 1,1950-53 46 344,000 860
E390 Medicine Creek at Maywood, Nebr. 207 82 1951-58 87 30,100 367
8395 Brushy Creek near Maywood, Nebr. 130 72 1951-58 87 67,000 930
8400 Fox Creek at Curtis, Nebr. 778 1951-58 87 72,700 944
8405 Dry Creek near Curtis, Nebr. 208 1951-58 87 59,000 2,950
3410 Medicine Creek above Harry Strunk 6

,Lake, Nebr. 1951-58 3 533,000
8415 Mitchell Creek above Harry Strunk 59

Lake, Nebr. 538 1952-57 16 31,700 598
8430 Medicine Creek at Cambridge, Nebr. 1,070 680 194749 3 2,673,000 3,920

1952-56 59 28,244
8445 Republican River near Orleans, Nebr. 15,400 ... 10 1948-63 15 1!,966,000 ... 10

8450 Sappa Creek near Oberlin, Kans. 1,040 1963 i 11,670 11
8452 Sappa Creek near Beaver City, Nebr. 1,500 1948-51 4 379,000 253
8465 Beaver Creek at Cedar Bluffs, Kans. 1,710 1962-63 2 57,700 33
8470 Beaver Creek near Beaver City, Nebr. 2,060 1951-53 3 122,000 59
8475 Sappa Creek near Stanford, Nebr. 3,840 1948-53 6 448,000 117

I 1949 Record - affected by Bonny Reservoir after July 1950.
2 1850 Sq. Mi. controlled by Bonny Reservoir.
3 A large, unspecified portion of the drainage is non-contributing.
4 o dified by Bonny Reservoir after July 1950.5 Partly estimated.
6 1950 records estimated for Oct. to Dec.
7 1951 records estimated for Oct. to Dec.
8 Approximate.
9 Affected by storage in Harry Strunk Lake after Aug. 8, 1949.

10 Affected by Harry Strunk Lake (1950), Bonny Reservoir (1951), Elnders Reservoir (1951). SWanson Reservoir (1954) and RedWillowv Res ervoir ( 1962).
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Table 8 (Continued)

I Avezp Ammad Sedimet

USGS Am o Year ftui. of hued Tons
Station Gram Conieting Record of Record 1948-1963 ft
Number Subbsin and Location Sq. Mi. Sq. Mi. Years Recod Tom Tos Sq. ML

Knrt Subbsmi (Continued)

8480 Prairie Dog Creek at Norton, Kans. 72111 1948-52 5 311,000 432
8495 Republican River below Htarlan County

Dam, Nebr. 20,750 10 1953-63 I 14,280 1,428
8505 Republican River at Bloomington, Nebr. 20.800 --- 12 1948-52 5 5.739,000

1953 &
1962-63 3 293,000

8530 Republican River near Guide Rock, Nebr. 22,060 ... 13 1961-63 3 328,000

8535 Republican River near Hardy. Nebr. 22,400 . 14 1961-63 3 478,000 1

8540 White Rock Creek at Lovewell, Kans. 342 34215 1950-53 4- 640,000 1,870
8560 Republican River at Concordia, Kans. 23,540 _ . 14 i961-63 3 964,000
8566 Republican River at Clay Center, Kans. 24,570 ---16 1948-52 5 10,123,000--- 14 1953 1 805,000

--- 14, '1958-63 6 1,620,000

8625 Smoky Hill River at Ellis, Kans. 5,630 5,630 1948-50 3 611,000 109
8633 Big Creek near Ogallah, Kans. 297 297 1956-59

, & 1962 5 135,000 _ 455

8645 Smoky Hill River at Ellsworth, Kans. 7.580 --. 17 1948-63 16 1,060,000
8660 Smoky Hill River at Lindsborg. Kans. 8.110 25318 1952-63 12 168,400 666
8669 Saline River near Wakeeney, Kans. 696 6% 1956-59 4 154,000 221
8670 Saline River near Russell, Kans. 1,502 1,502 1947-5i 5 904,000 602
8675 Paradise Creek near Paradise, Kans. 212 212 1947-51 5 245,000 1,150

8685 Wolf Creek near Sylvan Grove, Kans. 261 261 1948-50 3 115,000 441
8695 Saline River at Tescott, Kans. 2,820 2,820 1960-63 4 920,000 326
8705 Smoky Hill River at New Cambria,

Kans. 11,730 .. 9 1963 1 141,000
8718 N. Fork Solomon River at Kirwin, Kans. 1,360 1,36020 1950-51 2 1,570,000 1,150
8725 N. Fork Solomon River at Downs, Kans. 2,390 1,03021 1962-63 2 430,000 418

8735 S. Fork Solomon River near Alton, Kans. 1,720 1,72022 1947-51 5 1,180,000 754
8740 S. Fork Solomon River at Osborne, Kans. 2,024 ... 22 1962-63 2 227,000
8760 Solomon River at Beloit, Kans. 5,530 ... 23 1949-52 4 3,660,000 662
8776 Smoky Hill River at Enterprise, Kans. 19.200 8,78324- 1958-63 6 4,330,000 493
8810 Big Blue River near Crete, Nebr. 2,716 2,716 1962- 1 535,940 197
8820 Big Blue River at Barnston, Nebr. 4,420 4,420 1960-63 4 1,886,000 427
8830 Little Blue River near Deweese, Nebr. 1,140 1,140 1957-61 5 513,000 495
8845 Little Blue River at Waterville. Kans. 3,330 3,330 1960-63 4 2,426,000 729
8860 Big Blue River at Randolph, Kans. 9,100 9,100 1943-61 19 9,160,000 1,008
8875 Kansas River at Wamego, Kans. 55,240 1958-63 6 13,276,000

8880 Vermillion Creek near Wamego, Kan. 243 243 1959-63 5 336,200 1,380
8905 Delaware River at Valley Falls, Kans. 922 922 1949-54 6 3,441,000 3,730
892. Kansas River at Bonner Springs, Kans. 59,890 1948-63 16 32,825,000

11684 sq. mi. after October I, 1961.
12 Affected by five major upstream reservoirs- flarlan County Reservoir, 13 1/2 miles upstream, closed in 1952.
3 1/4 mile below Courtland )iversion Dam.

14 Affected by Harlan County Dam and by Courtland Diversion.
15 Oct. 1949- Jan. 1950 estimated.
16 Affected by upstream reservoirs.

7Cedar Bluffs Reservoir closed Nov. 1950.
18 Net drainage below Kanopolis Reservoir (closed 1948).
19 Affected by Kanopolis Reservoir.
20 Kirwin Reservoir closed 1955.
21 Drainage below Kirwin Reservoir.
22 Webster Reservoir closed 1956
23 This station subsequently affected by Kirwin and Webster Reservoirs.
24 Area below Kirwin, Webster and Kanopolis Reservoirs.
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8930 Missouri River at Kansas City. Mo. 489,200 1949-63 15 149,510,000 308
9090 Missouri River at Boonville, Mo. 505,700 1949-51 3 349,899,000
9345 Missouri River at Hernann, Mo. 528.200 1949-63 15 155,936.000 295
8970 E. Fork Big Creek, Bethany, Mo. 95 1949-59 II 60,900 84,156 886
8975 Grand River, Gallatin, Mo. 2,250 1948-51 4 4,051,500 4.669,000 2,075
8980 Thompson River, Davis City, Iowa 701 1950-54 5 1,094,500 1,012,000 1,444
8995 Thompson River, Trenton, Mo. 1,670 1943-Si 9 7,964,600 6,210,000 3,718
9040 Charlton River, Centerville, Iowa 708 1950-54 5 276,100 357,800 505
9035 Honey Creek, Russell, Iowa 13.2 1953-62 10 4,440 343
9125 11 O-Mile Creek, Quenemo, Kans. 321 1949.54 6 447,380 341,313 1,063
9150 Big Bull Creek, Hillsdale, Kans. 147 1949-53 5 179,200 938
9175 Marmaton River, Fort Scott, Kans. "411 1950-54 5 223,560 187,550 456
9190 Sac River. Stockton, Mo. 1,I60 1950-54 5 209,920 165,413 142
9195 Ced.r Creek, Pleasant View, Mo. 420 1950-53 4 118,150 92,300 220
9205 Osage River, Osceola, Mo. 8,220 1943-51 9 5,404,400 3,104,000 378

9215 Pomme de Terre River, Hermitage, Mo. 635 1943-51 9 402,400 191,000 292
9220 South Grand River, Brownington, Mo. 1,660 1943-51 9 1,605,200 817,660 493
9335 Gasconade River, Jerome, Mo. 2,840 1943-51 9 934,800 386,900 136

that such work will immediately reduce the sediment the inflowing sediment for a period of 100 years. At the
yield appreciably from areas in excess of about 10 end of this period the sediment will encroach on storage
square miles unless it includes channel installations to provided for other purposes, but will continue to be
control severe channel erosion or gully head-cutting. retained; thus, it is practical to assume that the drainage

In the case of structures controlling only channel above the reservoir will no longer contribute to the

bank erosion or channel degradation, the effect on sediment yield downstream,

downstream yield "rom areas in excess of 10 square This reduction in yield will be tempered by degrada-

miles will probably not be appreciable. If these struc- tion of the channel downstream; depending on charac-

tures are ponding or detention works, they may reduce teristics of the channel and of the controlled project

the yield somewhat for a year or more, but not for an releases. This is normally a process of decreasing

extended period. If, however, they actually control a intensity, however, and should be treated as a total

severe head-cutting condition, they may significantly volume expected to be removed before the channel again

reduce the yield from moderately sized drainages; stabilizes rather than as a continuous yield. Rarely,

perhaps up to about 50 square miles. With larger characteristics of the area might be such that down.

drainages it becomes increasingly difficult to control all stream channel degradation could trigger tributary head-

of the erosion areas, and the effect on downstream yield cutting, but such an event should be predictable and

decreases. Analysis of the individual areas of a given considered in project design. It is also possible that

drainage is, of cosrse, required for a rational estimate of regulation of the flow would reduce the total transport

the problem, capacity of the stream so that sediment contributions
from downstream tributaries could not be entirely

Reservoir projects will reduce the sediment yield by transported through the system. This would result in
varying degrees, both in time and quantity, depending reducing the net yield by aggradation of the channel. In
upon their size in relation to the water inflow, sediment most instances, however, it is probable that a readjust-
yield at the point of their location, and the proportion ment of the channel characteristics would restore it to
of the sediment-producing area of the drainage actually balance.
controlled. Small reservoirs or detention ponds, indi- Irrigation projects which divert water from a stream
vidually, may have a limited life and moderate trap also tend to reduce the downstream transport capacity.
efficiency; on the other hand, the great number of stock In extreme cases where a large proportion of the flow is
ponds in range country has caused a considerable diverted, aggradation of the stream with a consequent
reduction of sediment yield. Although they usually have reduction in net downstream yield may occur. Land
a short life, they are continually replaced or rebuilt. levelling for irrigation and better land management is
Farm ponds in humid areas have a similar effect, effective in reducing erosion and sedimentation. Essen-

Larger reservoirs, currently, are generally designed tially, this reduces the grade and lowers the velocity of
with sediment storage capacity to retain essentially all runoff.
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FIGURE 22

UPPER MISSOURI RIVER TRIBUTARIES
SEDIMENT YIELD
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FIGURE 23

YELLOWSTONE RIVER

SEDIMENT YIELD
FOR DRAINAGES IN EXCESS OF 100 SQUARE MILES
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FIGURE 24

WESTERN DAKOTA TRIBUTARIES
SEDIMENT YIELD
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FIGURE 25

EASTERN ,DAKOTA TRIBUTARIES
SEDIMENT YIELD

FOR DRAINAGES IN EXCESS OF 100 SQUARE MILES
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FIGURE 26

PLATTE-NIOBRARA RIVERS
SEDIMENT YIELD

FOR DRAINAGE$ IN EXCESS OF 100 SQUARE MILES

SOUTH DAKOTA

lLEGEN

BAI OUDR

PERENIAS E GEN

____________ STT BOETUNDDARNGRY

IN ECES OF100SQUARE MILES IN
TOSPRSQUARE MILE PER YEAR.

4 7



FIGURE 27

MIDDLE MISSOURI RIVER TRIBUTARIES
SEDIMENT YIELD

FOR DRAINAGES IN EXCESS OF 100 SQUARE MILES
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FIGURE 28

KANSAS RIVER
SEDIMENT YIELD

FOR DRAINAGES IN EXCESS OF 100 SQUARE MILES
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FIGURE 29

LOWER MISSOURI RIVER TRIBUTARIES

SEDIMENT YIELD
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MISSOURI RIVER MAIN STEM SEDIMENT about a fourth of the sediment load presently carried by
the Missouri River at Kansas City. The Platte River

In its natural state; the Missouri River transported a sediment load varies markedly from year to year, but, in
sediment load increasing from an average of 25 million the years since closure of the first main stem dam, has
tons per year in the vicinity of Fort Peck, Mont., to 150 provided about half as much sediment to the Missouri
million tons per year at Yankton, S. Dak., 175 million River as in the Missouri above the mouth of the Platte
tons per year at Omaha, Nebr., and approximately 250 River.
million tons per year at Hermann, Mo., near its Analysis of the sediment transport in the-Missouri
confluence with the Mississippi River. With the construc- River at Omaha shows that the load is composed of
tion of each of the main stem dams, beginning with the about 70 percent sand-size material whereas this fraction
closure of the Fort Peck Dam in 1936, the sediment was only about 30 percent of the total prior to closure
entering each of the respective reservoirs was trapped. of the upstream dams and armoring of the channel bank
The flow released from the reservoirs was clear and below Sioux City, Ia. Subsequent to closure of the Fort
essentially free from sediment, and the downstream load Randall Dam in 1952, the total suspended load at
was derived from downstream tributary contributions Omaha has been relatively consistent at approximately
and from material eroded from the bed and banks of the 25 million tons per year, versus the long-term average of
river. Currently, the river from the head waters of the 175 million tons per year or the average of approxi-
Fort Peck Reservoir to the Gavins Point Dam near mately 150 million tons per year during the period
Yankton, S. Dak., is almost fully controlled by the main 1940-1954. .Subsequent to 1953, there has been a
stem dams. Beginning at Gavins Point, the lowermost relatively consistent increase in the transport of sand-size
dam, the main stem of the Missouri begins anew as a material from a low of II milli.n tons per year to
sediment free stream. It begins immediately to derive a 20 million per year, a phenomenon which is difficult to
new -load from erosion of the- bed and banks and from explain on the basis of streamflow,-although- there has
tributary streams, but, to date, the sediment transport in been a small but reasonably consistent increase in annual
the river from the Gavins Point Dam to the mouth is but discharge during that period. It may be noted that total
a small portion of its previous load. sediment load in 1940, a year when discharge was

It is impossible at this time to isolate the exact effects somewhat less than that during the period subsequent to
of the various factors involved in this reduction of 1954, was 139 million tons, with the sand-size load
transport. Erosion of the bed cannot be evaluated being about equal to the later period. It is dangerous to
because the length of channel involved is such that make comparisons on the basis of any one year;
lowering of the bed is too small to be measured even however, it appears that the sand load, in relation to
though the total quantity of material moved might be annual discharge, has not been substantially affected by
appreciable. The banks of the river below Sioux City are the upstream dams and that the reduction in transoort is
almost completely armored, although there has been an primarily a matter of reduction in silt- and clay-size
appreciable movement and deposition of bank material sediments. there is some evidence that the finest sand
due to channel regulation works. A major factor in the fractions are being removed from the channel bed by a
reduction of sediment load carried by the Missouri River process of selective degradation; however, the available
has been the fact that the decade during the 1950's data are not yet conclusive.
approached drought conditions, and this, coupled with With respect to the reaches of the river between the
the requirement for withholding water to fill the main stem dams, the current sources of sediment are
reservoirs, reduced the flow to about one-half the erosion of the bed and banks and tributary contri-
normal average discharge. In addition, the flood flows butions. Degradation of the channel below each dam is
from the upper Missouri River have been eliminated and resulting in a progressive armoring of the bed, so that
discharges from Gavins Point have been reasonably this source of sediment will be available for only a few
constant. more years except for those periods when reservoir

There are two major tributaries to this downstream releases considerably in excess of those generally made
reach, the Platte River and the Kansas River. The Kansas in the past may be necessary. Bank erosion is continuing
is partially regulated by tributary reservoirs, but again it in some areas between the Fort Peck and Garrison Dams
is impossible to assess the exact effect of these reservoirs and the Garrison and Oahe Dams; however, some bank
on the sediment carried by the Missouri River, The protection works are being constructed in the latter
mining of sand and gravel in the lower i5 miles of the reach. There is only a very short reach of open river
Kansas River has lowered the low flow stage by about between the Oahe and Big Bend Reservoirs and none
one-half foot per year since 1952, and this, coupled with between the Big Bend and Fort Randall Reservoirs. No
flow regulation by upstream reservoirs has virtually appreciable bank erosion has been noted between the
eliminated contribution of sand-size and larger sediments Fort Randall and Gavins Point pools. There has been no
from the Kansas River. The Kanms River contributes consistent change in tributary sediment contributions
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except that the load of the Heart River has been Sediment dischaqges at selected locations on the
decreased substantially, apparently as a result of reset- Missouri Rover and major tributaries are listed in table 9.
voirs reasonably close to the mouth.

Table 9 - ANNUAL SEDIMENT DISCHARGES - MISSOURI RIVER AND MAJOR TRIBUTARIES

Wwuwd L @ snowden
(or C )lbtso)l Ydlowsime @ Sidney Williston I- ismek r ee

An12a6 Amnil Ast"" Annual Annual
Ammal Sediment Tons Annual Sedinent Tos Ammal Sediment Tonm Anwm Sediment Tons Annual Sediment Tons

Flow DWde Per. Flow Dicarp er Fow Dwbwp FeP Flow Dicha e fer Flow sdmap Per
in in AF in in AF im i AF in in AF in in AF

Water s Million Per Million Millim Per illin Milon Per Million Million Per mnMillion maim Per
Yew AF Toes Yew AF Tons Year AF __Tons Yew AF Tom Yea AF Toes Yew
1937 - .......

38 ---... - 3 ....
39 18.7 6.5 21.9 3.37 14.5 47.1 3.25

1940 6.6 5.2 16.8 3.23 9.2 26.5 2.88- ...
41 4.0 7.3 53.7 7.36 10.6 6i.4, 5.79 -

42 3 0 3.7 1.23 10.0 42.4 4.24 13.0 55.1 424 ,- ..

43 5.7 11.0 2.12 13.3 54.8 4.12' 18.5 73.0 3.95
44 ao.2 9.2 1.48 11.6 62.0 5.34 18.1 74.0 4.09
45 5.1 6.2 1.22 9.4 28.0 2.98 14.6 38.6 2.64 -
46 4.5 7.0 1.56 8.0 25.3 3.16 12.9 35.9 2.78. , - .....

47 8.1 12.8 1.58 11.0 37.5 3.40 19.5 63.9 3.28 21.0 94.2 4.49 -
48 10.5 14.7 1.40 10.4 48.8 4.69 20.7 60.0 2.90 21.6 77.2 3.57 23.7 97.8 4.13
49 9.0 11.3 1.26 7.6 15.6 2.05 16.6 31A 1.87 18.3 45.3 2.48 21.0 83.7 3.99

1950 6.4 8.8 1.38 9.3 23.8 2.56 16.2 38.1, 2.35 17.4 52.6 3.02 22.3 119.4 5.35
51 8.8 10.8 1.23 9.8 20.7 2.12, 18.9 36.4 1.93 20.1 47.1 2.34 21.2 70.5 3.33
52 --- 9.5 24:1 2.54 21.0 48.6 2.31 22.8 69.5 3.05 26.5 116.8 4.40
53 ..- 6.8 16.5 2.43 15.8 31.7 2.04 16.5 41.2 2.50 18.6 76.4 4.11
54 6.8 10.2 1.50 16.6 26.3 1.58 16.7 15.8 0.95 17.1 29.3 1.71
55 6.5 17.2 2.64 18.4 31.8 1.73 13.9 10.8 0.78 14.6 16.8 1.15
56 ... 8.6 13.5 1.57 15.6 23.7 1.52 14.9 9.9 0.66 16.1 18.1 1.12
57 9.9 25.9 2.62 15.4 32.3 2.10 11.3 5.4 0.48 12.1 26.9 2.22
58 ... 7.4 13.8 L87 12.2 14.4 1.18 12.7 5.8 0.46 12.6 13.7 1.09
59 5.7 3.4 0.60 7.8 16.0 2.05 13.6 16.1 1.18 13.4 5.3 0.40 13.7 3.0 0.22

1960 6.2 4.6 0.74 5.5 7.5 1.36 13.4 14.0 1.04 10.4, 3.4 0.33 10.4 0.6 .06
61 6.0 1.8 0.30' 4.3 7.1 1.65 10.3 10.8 1.05 11.7 4.1 0.35 12.4 0.7 .06
62 6.6 3.9 0.59 10.5 41.9 3.99 17.2 52.3 3.04 13.6 6.1 0.45 5.6 0.5 .09
63 4.4 4.1 0.93 9.6 33.1 3.45 13.8 35.1 2.54 10.4 3.8 0.37- 13.3 0.3 .02
64 4.7 1.8 0.38 9.8 31.6 3.22 14.3 37.6 2.63 14.4 6.5 0.45 -- -

ISee Table 15 for date of closure of main stem and major tributary reservoirs which may have affected sediment load at downstream
stations.
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Table 9 (Continued)

yINklon Sox city ... Plante @ Lonsie StJem,,
And Am" Amn -Anld Amend mmd

Amal Sedimen Tom An md Sediment Tons Anm" Sede Tom Amend Sediment Tom Ammud Sediment Tom
Fow Morag ft How D ,uwp ft now VDcMae Pa Flow Dndwu ft Flow D ,,pe ?a

in in AF in in AF is in A in in AIR in is AF
Water 1eon Mis ft Ilos Milis. ai Mills Mils i o Miis 1 s Pea Mi.on Mim r
Yew AF Tons Yew AF Tot Year AF Tons Ye. AF Tons Yean AF Toes Yew
1937 ....

38 .............
39 ..-............

1940 10.9 49.7 4.56 - 11.8 78.3 6.64 2.0 9.4 4.70 ...
41 13.9 139.1 10.01 .--- 15.0 139.5 9.30 2.2 9.0 4.09 ---
42 20.1 201.3 10.01 - 22.8 230.4 10.11 3.7 13.1 3.54 ---
43 24.7 149.4 6.05 26.4 179.6 6.80 3.0 10.5 3.50 -- -
44 26.1 230.3 8.82 --- 30.1 251.7 8.36 4.2 26.5 6.31 --

45 20.0 89.0 4.45 -. 24.4 156.5 6.41 3.9 19.8 5.08
46 17.1 92.3 5.40 -- 18.2 109.1 5.99 2.8 7.5 2.68
47 25.6 169.3 6.61 - 28.7 176.2 6.14 5.5 19.9 3.62 - -

48 25.7 138.2 5.38 - -- 28.4 150.1 5.29 3.7 8.9 2.41 -
49 23.1 102.2 4.42 --- 26.4 120.6 4.57 5.1 19.5 3.82 36.0 221.7 6.16

1950 25.0 147.4 5.90 -. 27.4 159.6 5.82 4.4 19.0 4.32 34.5 251.3 7.28
51 24.0 108.1 4.50 -- 31.2 219.5 7.04 6.1 38.3 6.28 43.8 332.3 7.59
52 31.0 174.9 5.64 --- 35.7 158.0 4.43 . . - 46.7 223.6 4.79
53 21.2 58.3 2.75 . - 24.1 80.5 3.34 - -- 7.2 --- 29.1 101.4 3.48
54 16.8 26.8 1.60 ..- 19.2 37.3 1.94 3.3 8.5 2.58 23.3 74.3 3.19
55 16.2 8.9 .55 16.1 12.1 .75 17.2 25.5 1.48 2.4 4.2 1.75 20.5 41.1 2.00
56 17.0 4.4 .26 17.2 14.1 .82 17.5 23.3 1.33 2.1 5.3 2.52 20.1 37.4 1.86
57 13.7 1.7 .12 14.3 8.0 .56 14.8 28.0 1.89 3.3 16.6 5.03 19.1 53.6 2.81
58 14.3 1.?, .09 14.6 7.3 .50 15.1 19.1 1.26 4.5 17.9 3.98 23.4 63.4 2.71
59 14.5 1.6 .11 14.9 10.6 .71 15.6 28.8 1.85 3.8 15.0 3.95 23.3 75.9 3.26

1960 12.7 0.6 .05 15.5 14.1 .91 17.3 30.9 1.79 6.0 30.8 5.13 27.8 80.1 2.88
61 14.1 0.9 .06 15.1 6.5 .43 16.5 25.6 1.55 3.3 4.4 1.33 23.3 49.6 2.13
62 10.5 0.6 .06 14.5 12.4 .86 17.6 43.5 2.47 5.3 21.3 4.02 28.0 72.2 2.58
63 14.9 1.2 .08 15.4 7.0 .45 16.5 30.2 1.83 3.6 11.4 3.17 22.4 39.8 1.78
64 15.2 1.2 .08 15.8 8.0 .51 16.5 26.3 1.59 3.9 19.2 4.92 22.8 63.6 2.79

Kanus D Donner Spfingp KanMs city Hermann
Annum Annual Annual

-Annual Sediment Tons Annual Sediment Tons Annual Sediment Tons
Flow Discharge Per Flow Discharg Per Flow Discharge Per

in in AI in in AF in in AF
Water Million llion Per Million Million Per Million Million Per
Year AF Tons Yew AF Tons Year AF Tons Year
1937 ..

38 ......
39 .........

1940 .........
41 .........
42 ...
43 ....
44 ..... ...
45

46 ... ... ...

47 .........

48 5.1 16.9 3.31
49 8.3 58.4 7.04 45.4 283,0 6.23 67.1 328.4 4,89

1950 6.9 54.4 7.88 42.4 292.1 6.89 66.8 297.2 4.45
51 21.2 173.9 8.20 65.8 493.9 7.51 100.9 423.4 4.20
52 6.3 22.1 3.51 52.5 242.8 4.62 74.9 255.9 3.42
53 1.2 1.8 1.50 31.2 103.5 3.32 40.0 94.6 2.37
54 2.0 120 6.00 26.4 73.2 2.77 29.6 68.9 2.33
55 1.3 4.1 3,15 22.9 45.3 1.98 34.2 65.8 1.92
56 1.0 2.2 2.20 21.5 83.1 3,87 25.5 42.0 1.65
57 3.6 19,2 5.33 23.1 66.3 2.87 34,0 66.8 1.96
58 6.8 29.3 4.31 31.9 102.9 3.23 53.2 149.3 2.81

59 5.0 19.7 3.94 30.0 100.8 3.36 41,3 99.1 2.40
1960 7.7 .16.1 4.69 37.5 109.3 2.91 57.5 122.1 2.12

61 6.7 '8,7 4,28 31.9 86,2 2.70 57.3 124.2 2.17
62 8.5 42.8 5.04 39,3 111.1 2.83 61.5 135.8 2.21
63 2.7 3.5 1.30 25.8 49.4 1.91 32.6 65.5 2.01 11940.51, near Ashland.
64 2.3 38 1,65 25.9 75.8 2.93 34.4 101.9 2.96
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CHAPTER 6

SURFACE WATER AVAILABILITY

COMPILATION OF HISTORIC purpose. In all, records of 483 stations within the basin
RUNOFF DATA and of 57 peripheral stations adjacent to the basin on

the south and east were selected for detailed analysis.
Selection was based on several criteria, including length

Records of Stroamfiow of record, degree of streamflow, control exerted by
existing reservoir projects and streamflow diversions,

The first streamflow measurement recorded in the attainment of representative areal coverage, and study
Missouri River Basin was a flood measurement on Clear data needs of the several Federal agencies and states
Creek at Golden, Colo., in June 1876. The first involved in the framework study.
streamgaging station in the basin was established by the In. general, records were selected for analysis only if
State of Colorado on the Cache la Poudre River near the period of record-exceeded 10 years, but records for a
Fort Collins. This station was equipped with a water- shorter period were included in some cases to obtain
stage recorder in 1884, it has continued in operation proper zreal coverage or to provide more detailed data
since that time, and it is believed to be the oldest for small areas. To the extent practicable, records were
recording station in the United States. The longest selected for gaging stations relatively unaffected by
continuous record of streamflow in the Missouri River man-made controls such as reservoirs or levees; but in
Basin, however, is for the Osage River near Bagnell, Mo., some areas, water resources development has already
where records are available since 1880. Measurements of progressed to the point that unaffected records are not
streamflow in the basin by the U. S. Geological Survey available. In such areas, preference was given to records
were begun in 1889 in Montana. The work was for gaging stations with development effects that had
expanded to Nebraska in 1891, to Kansas and Wyoming been relatively constant throughout the period of record
in 1895, to C01oradj in 1897, to North Dakota, South and records for stations with variable devilopment
Dakota and Missouri in 1903, and to Iowa in 1917. effects were selected for analysis only where better

Despite a slow and erratic start, collection of stream- records were not available. Also, in some cases where
flow records in the Missouri Basin expanded with major upstream reservoirs were constructed, streamflow
agricultural and industrial development to a network of records were split into two parts for analysis, before and
about 900 active streamflow stations in the mid-1960's after reservoir construction. Locations of the 540
when the comprehensive framework study was begun. streamgaging stations whose records were selected for
At that time, records were available for about 1,800 analysis are shown on plate 12.
stations, about half of which were then in operation and
about half of which had been discontinued. Periods of
record ranged from less than 5 years to more than 80 Streamflow Data Processing
years and averaged about 25 years. Records for the
entire network were available primarily in the annual In connection with previous streamflow studies, the
water-supply papers published by the U. S. Geological U. S. GeologicalSurvey had established a procedure for
Survey. processing daily streamflow records by electronic com-

puters to obtain statistical summaries of high flows, low
Selection of Streamflow Stations for flows, and flow durations. The procedure involved
Data Analysis punching IBM cards for daily discharges for each day of

record for each of the 540 stations selected for analysis.
Because of their great volume, analysis of all of the In total, about 14,000 station years of data were

streamflow records available in the basin, as a part of the punched, transferred to magnetic tape, and processed by
framework study was impracticable, and it was necessary computers to obtain station summaries and tabulated
to select a manageable portion of the records for this similar to table 10 for Little Beaver Creek near
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Table 10 - EXAMPLE OF STREAMFLOW TABULATIONS

lttle sm Cmia mm )Manmt*. N. Oak. i063350.00)
Lamds-ut 46016. o r 0358

"
. i" sE5; wec. 7.T, 332 N.. IL 106 W. on cf! bank 350 it Utcarnm from conacted ford.thrce.juss f o(a mle do% c 43n m from Corn!

Cwck. 3 mdcr .u.6s of banral. and S nmk p..eam from n,ouh.
mimp amm-615 sq mi. lpp oimatdc'.
AVOW d 1 -25 )'?Ms. 39.8 c46.
abmilks-tecords of chemskal anawyv" for the pu iod Decembet 1949 to Septemiet 1951 and suwnded edumn! loadi for dwc pctiod Autst 1952 tO September 1454 are

publdhed in reports of Geolopcal Suvty.

Dmamtio TA, of DW Didiip
0 1 2 3 4 $ 6 7 8 9 10 11 12 13 14 35 I6 17 18 19 20 21 22 23 24 25 36 27 28 29 30 31 32 33 34

YOm O tuad .em-, of Dlmys CFS4*s

1939 178 9 8 12 5 8 4 9 16 21 22 17 13 6 30 4 6 2 3 2 3 2 3 1 3 10382.9
1940 136 7 5 8 9 3 7 3 13 14 26 16 22 6 5 12 5 4 S 1 2 4 2 5812.3

3943 118 19 13 3 22 1 32 S 25 22 13 10 22 9 13 8 6 1 4 33 2 6728.7
1942 28 2 12 15 35 15 $8 37 13 7 38 21 8 28 16 3 7 4 3 83 4 2 13083.2
1943 23 2 24 37 9 27 24 32 -9 12 14 7 5 3 8 53 4 7 2 2 2 4 26781,6
1944 40 9 6 5 43 5 48 68 12' 11 15 18 37 10 8 4 S 1 1 3 5 2 3 2 5 38998.7
1945 39 37 16 4 9 5 23 4 17 45 21 23 29 19 24 11 7 10 3 4 3 1 4 2 3 2 2 17445.3
1946 54 4 4 5 3 2 34 13 62 63 2 21 19 9 17 -0 4 7 2 2 1 3 2 3 3 9766.7
1947 2 8 9 7 9 40 53 37 22 42 20 25 18 12 9 11 3 13 6 5 7 4 1 1 1 33803.2
1948 31 8 31 2 2 15 6 63 61 22 20 34 22 29 13 7 5 6 6 3 6 3 6 3 2 21312.8
1949 92 10 10 8 20 7 23 22 28 27 19 14 16 I5 8 5 3 4 5 3 8 5 5 4 I 1 199586
1950 37 16 18 10 9 6 15 9 28 54, 27 13 14 23 16 13 9 9 9 3 6 11 3 2 3 I I 23566.7

1951 25 5 6 30 20 9 29 37 67 58 26 16 16 4 11 4 4 3 6 3 3 1 1 2 1 7108.1
1952 68 48 11 4 8 3 23 18 47 36 11 21 13 5 14 -8 2 5 3 1 4 2 2 I 1 3 2 2 43228.1
1953 23 1 16 10 46 34 58 26 34 27 20 10 18 8 5 6 6 6 4 4 2 3 9893.0
1954 7 5 7 12 20 14 1] 29 91 64 8 1$ 30 13 15 7 3 3 6 3 2 1 5503.6
1955 64 21 24 2 10 13 49 25 13 21 11 22 17 4 12 12 7 5 6 2 2 2 1 633-1

1956 226 4 8 31 4 $ 8 7 18 23 12 7 7 8 4 4 3 33 3 1697.4
19S7 127 15 H 24 10 10 33 I 16 21 14 14 11 3 12 12 5 2 3 4 3 3 57304
1958 137 17 11 34 17 23 22 22 6 13 6 5 10 7 7 9 8 4 4 1 2 3041.0
1959 191 2 16 32 1 2 3 3 6 18 16 5 4 16 12 14 3 4 4 1 3 1 2 3 3 11.4.5
1960 141 0 9 25 16 7 13 14 22 27 26 15 3 9 4 11 5 2 3 3 2 I 2 9391.9

1961 256 7 9 213 33 8 4 21 8 3 3 5 2 7 4 1 I 1 1149.8
1962 134 9 5 6 4 15 12 13 21 IS 8 16 19 10 17 13 11 9 3 3 6 9 3 2 121852
1963 0 6 9 14 12 19 43 34 30 29 17 12 17 11 23 18 9 22 20 10 6 7'S 2 

1
' 17474.4

C~m CFS Total Accue P rcent aam CFS Total Accum Percent Class CFS Total Accum Percent CUM CFS Toal Accum PIrce,.t

.0 2204 9131 300.0 09 3.0 854 3876 42.4 18 300 135 335 5.9 27 3000 30 3 I
1 .1 271 6927 75,9 30 5.0 440 3022 33,1 19 150 61 400 4.4 28 5000 I 3 .0
2 ,2 214 6656 72.9 33 7.0 382 2582 28.3 20 200 88 339 3.7 29 7000 2 2 .0
3 .3 280 6442 706 12 30.0 465 2200 24,1 21 300 88 251 2.7 30 ,
4 I'5 242 6162 67.5 13 5.0 282 1735 19.0 22 500 46 163 1.8 31 .0
5 ,7 206 5920 64,8 14 20.0 362 3453 15.9 23 700 40 117 .3 32 .0
6 1.0 562 5714 62.6 15 300 269 1091 11.9 24 3000 37 77 .8 33 ,0
7 1.5 392 5152 56.4 16 50.0 159 822 9.0 25 3000 13 40 .4 34 .0
8 2.0 884 4760 52.1 17 70.0 128 663 7.3 26 2000 16 29 .3 35
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Table 10 (Continued)

"M__ O~tW~~p (I. Ow do Foll, W.6 mhof Cnmm i Loys InVw Eadial S..pmier 30
Ym I 3 7 Is 30 6 g 96 Ib 250 13 274 Anaud Pak

1939 1840.0 14100 764.0 368.0 100 96.3 78.1 5.2 68.9 56.7 37.9 28.4 5500
194 616.0 141.0 159.0 143.0 102.0 81.4 56.7 43.3 35.1 30.5 21.2 15.9 1130
1941 1250.0 902.0 513.0 252.0 129.0 67.6 49.4 49.9 41.1 34.8 24.3 1 8.4 2670
1942 12000 957.0 609.0 316.0 218O 123.0 120.0 101.0 82.0 168.9 ,9 42.3 2440
1943 30000 2160.0 1160.0 571.0 292.0 2179.0 49.0 189.0 1680 10 97.1 73.4 40
1944 4660.0 4260.0 3110.0 1580.0 292.0 415.0 409.0 319.0 2160 2110 141.0 1070 960
2945 2100.0 1900.0 1400.0 80o 439.0 20.0 174.0 137.0 113,0 93.0 63.1 47.8 2700
2946 18.0 8980 439.0 293.0 212.0 125.0 86.0 66.7 61.4 51.0 34.6 26.8 3700
1947 5000.0 2600.0 13600 752.0 596.0 342.0 242.0 213.0 191.0 165.0 17.0 92.6 5000
2948 1870.0 1200.0 796.0 456.0 251.0 157.0 120.0 136.0 126.0 1130 77.2 564 6700
1949 3000.0 23300 1520.0 945.0 5780 318.0 217.0 164.0 131.0 2080 726 54.7 3300
1950 38000 2990.0 14400 . 944.0 547.0 3280 242.0 190.0 154.0 127.0 84 8 646 4600
1951 1050.0 832.0 394.0 198.0 101.0 66.2 48.1 40.1 33.2 36.7 25.0 195 2230
2952 9090.0 7430.0 4910.0 26900 2390.0 701.0 469.0 353.0 284.0 233.0 157.0 !281' 12700
1953 1040.0 582.0 530.0 3100 165.0 107.0 74.9 65.8 56.1 52.5 368 27.2 2270
1954 1100.0 5090 226.0 2080 588 300 28.5 22.S 22.0 23.5 19A2 25. 4820
2955 706.0 357.0 239.0 129.0 88.3 55.5 41.5 42.6 36.7 30.1 20.5 154 2990
1956 214.0 127.0 65.7 31.9 18.7 11,11 12.6 100 22.0 9.3 6,2 4.64 1070
1957 2180.0 705.0 324.0 153.0 80 533 47.3 39.4 33.5 29.7 20.9 157 11200
2958 297.0 182.0 113.0 71.0 580 41.5 27.8 23.5 19.5 16.1 2i 8.33 1 W0
2959 1350.0 1170.0 1010.0 605.0 329.0 174.0 117.0 92.1 73.8 60-1 410 308 1290
1960 24000 1910.0 1060.0 516.0 263.0 134.0 948 76.6 61.3 50.3 34.2 25.6 3900
1961 260 127.0 54.9 51.1 262 13.1 8.7 6.6 6.4 1 s 4,2 3AS 6141962 22800 608.0 446.0 254.0 158.0 245.0 207.0 82.5 76.7 65,4 44.5 33.4 2270

1963 1320.0 875.0 4220 213.0 1980 133.0 134.0 21.0 2200 91.2 63.3 47.9 21

a Maximum daiy.

Lowers M, Diachkap. in CFS. for Ihe Fdlo as Numer o (Conascutlive Days in Yeur Dinniir April I
Year 1 3 7 14 30 60 90 120 50 183 274
1939 .0 .0 .0 .0 .0 .0 .0 4 1.4 2.3 14.4
1940 .0 .0 .0 .0 .0 .0 0 .0 .2 .3 1.7

1941 .0 .0 .0 .2 .8 1.2 1.8 6.6 21.8 30.4
1942 .0 .0 .0 .2 2.0 2.2 2.7 34 4.0 17.1
1943 ,0 .0 .0 .0, .0 .2 .5 1.0 2.7 1.7 98
1944 1 .1 .I .I .2 .2 I. 2.7 3.6 4.1 517
1945 .0 .0 .0 .0 .0 .4 .8 1 .9 2.1 1.8 64
1946 .0 .0 .0 .0 .8 2.9 1.6 16.0 22.8 19.3 42.0
1947 2.0 1.0 1.4 1.9 2.4 2.9 3.1 3,2 3,2 3,9 3 .1
1948 .0 .0 .0 .0 .0 .0 .2 2I 1.$ 3 266
1949 .0 .0 .0 ,0 .0 .I .3 2.0 23 I ) 2.3
1950 .0 .0 .0 .0 5 2. 13 2.s 1.7 22 4 8

1951 .0 .0 .0 .0 .I .2 .3 3.2 3.1 3.8
1952 .0 .0 .0 .0 .0 .0 .6 .7 .7 i,1 2,3
1953 .5 .5 .s .6 1.3 2.8 2.3 2.9 3.1 68 I2.
1954 .0 .0 .0 .0 .2 .3 .6 ,8 .8 1.6 20.2
1955 .0 .0 .0 .0 0 .0 .0 .0 .0 0 3.4
1956"- .0 .0 ,0.0Q0, 3 j ] _ff-" 2

1957 .0 .0 .0 .0 .0 .2 .4 .,7 ,8 4.6
1958 .0 .0 .0 .0 .0 .0 .0 0 6,5
1959 .0 .0 .0 0 0 A 2 1 ,A L2 10 3A
1960 .0 .0 0 .0 .0 .0 0 0 0 0 8

96 .0 0 00 0 0 1 .04
1962 0 .0 :0 11 ,5 ,8 8 __I ] 1.4 . ...... 4 _I35 5
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Marmarth. N. Dak. Similar printouts were prepared for southeastern part of the-basin, and it exceeds 20 inches
each of the 540 stations and were bound in separate in some areas along the mountainous western rimn of the
volumes, one volume for each subbasin. to form aback- basin.
ground data souice for subsequent studies. Generalized estimates of mean annual runoff in the

Missouri River Basin are presented on plate 13. These
estimates were based on average annual runoff for the

Flow-Duration Relatonships period of record at the streamgaging stations selected for
detailed analysis, supplemented by data from other

The flow-duration tabulations show, for each water stations in some areas. Actual data for preparation of the
year, the number of days with discharges within each of map were taken from the latest:available U. S. Geolog-
some 20 to 35 class intervals of streamflow. The selected ical Survey Surface Water Records Report for each basin
class interval limits are listed in a separate tabulation, state,-which was generally for the 1964 water year at the
along with the total number of occurrences in each class time these studies were made. Drainage areas above each
interval, the accumulated total, and the percent of time gaging station also were obtained from these same
during the period of record that the lowest discharge in publications.
each class was either equalled or exceeded. Table 10, Streamflow records at the stations used varied in
compiled from computer printouts. contains a sample length from about 10 years to over 50 years. In order to
duration table of daily discharge, reconcile these differences in period of record, about 30

so-called pivot stations with periods generally in excess
of 40 years were selected. Historical mean annual runoff

High-Flow-Sequence Tabulations values at all other stations were compared with runoff
values during common periods at appropriate pivot

Streamflow recordswere also-processed by computer stations and were then adjusted for consistency with the
to obtain, for each station, a higlt-flow-sequence tabu- pivot station records.
lation showing the highest mean discharge for periods of In construction of the mean annual runoff map.
I, 3, 7. 15, 30, 60, 90, 120, 150, 183, and 274 major emphasis was given to runoff data for small-area
consecutive days in each water year. The maximum gaging stations. Therefore, the map as constructed
instantaneous also is presented for each year where represents runoff from the land surface into small
available, as is the mean annual discharge for the water streams and does not recognize losses that occur due to
year. A-sample high-flow-sequence tabulation, for Little evaporation, evapotranspiration, bank infiltration, and
Beaver Creek near Marmarth, N.Dak., is also shown in consumptive use as these flows move downstream.
table 10. Therefore, runoff values shown by the map for the larger

basins are somewhat higher than values obtained by
consideration of gaging stations for the larger areas.Low-Flow-Sequence Tabulations

Also obtained by computer were low-flow-sequence FLOODS
tabulations showing tile lowest mean discharge for
periods of 1, 3, 7, 14, 30, 60, 90, 120, 150, 183, and Peiodic heavy runoff, at rates high enough to
274 consecutive days in each climatic year. The year produce flooding is characteristic of almost all parts of
beginning April I was used for processing low-flow data the Missouri Basin, even those where average annual
because a general flow recession usually begins in the rainfall amounts are least. Flood runoff constitutes a
summer months and may persist through the winter significant portion of the basin's surface water supply
months. If the water year ending September 30 were and tile magnitude of flood flows is a significant factor
used, a single low.flow period might be reported as two in design of water resources development projects.
separate events. A sample low-flow-sequence tabulation, Floods in the Mis'souri Basin may be the result of
for Little Beaver Creek near Marnarth, N. Dak., is also inten.e or prolonged rainfall, melting of the winter's
shown ill table 10. snow cover, or a combination .of these phenomena.

Rainfall floods are the most frequent. Flash flooding,
caused by local cloudburst-type rainfall, is experienced

Mean Annual Runoff in all parts of the basin during the summer months.
General floods, caused by pliolonged rainstorms of

Runoff which enters Missouri River Basin streams greater areal extent, are most frequent in the spring and
varies widely from place to place and from year to year. sumlner months in the more humid lower portion of the
In large parts of the northern and western plains area, basin, bul they occur also in the hilly and mouniunous
average annual runoff is less than one inch. In contrast, areas of tile vestern basin in late spring and early
average aimual runoff approaches 15 inches in tile summer. Floods resulting from melt of the plains snow

58



'04

30 / 3404

5~ -n

4s1

I~

2t.D ref
_44

LOCTIN MAP-

#161
L2 /



CANADA------

UNITED ST7ATES

A RN

3151ts
0349

34?4?"

'-34

As s

At s S O'T.' 4 a

II MIr



ES PBSILDEU

I ~S U 8.3£ S I N S

0042

1 ~~~PAPENISAA RIVERSDODDRE

: : E SSO D R V R I V E 
R TR I B RE S

VNSA S RVER

20. - AAE2 MISSOURI RIVER TRIBUTARIES )
FINN.1 

111SDDR RIVER WANSEIV, AND AREAS
% Is IN ,PER AND "D:E, VISS IS S PI AND

I RHUDSON-DBAY BASINS

400

IET 11111 U1 111 FID '0 111FEID10.9

40601

( IV'D
1 11I

it"6 I

'-"08D

0401 .10069
0090?

1,1 .0 LOAINOsSRAFO
1A 4910 6

I8- "s '- F DLCO DEAIE SRAALSE

I .678 IMI~N.I MISUIRIENAI
itt vII

0,MISSOURI IE BASIN ITRAEC OMTE

-~ PLATE 12



0.5

8 4 2 0.5

16

20

20

16 M.?

117
12

4

4 812
16

16

20 WY 
0.25

2 0.5
16
12

8' 4 2

4 a 
2

............

lot

12
12 20

2
LOCATION MAP 16 12

2 1 0-50.25
42 2

MISSOURI RIVC,? 8ASIN 1:



-- - -- CANADA

0.5UNITED STFATESt

14ORTH DAKO A

0.25 
AR!&s

11AREASi1

Ai,

-w

of(

su2

S U H

CL-



&REIS 11114 LESS THAN
t It.CH S;OF104OFf

A

1h 
AP(ZS ii1 I 0 1
INCHE S II0101pm 7-

AREAS'
THAN415

t AREAS$ gild GREATERt

, 1O!IS 4 INCHS OF RUNOFF -

LAKELAKE 
0R 145015 I

M I NE O AAS$[ A N 0 to 0 ON M[CORD rSTAIO , DATA|ll

I /44

8
IJUNE 196p

,o GENERALIZED ESTIMATES
F OF MEAN ANNUAL RUNOFF

/ IN INCHES

cC 14
~COMPREHENSIVE FRAMEWORK STUDY

! 4 MISSOURI RIVER BASIN

• L.- '"MISSOURI BASIN INTER-AGENCY COMMITTEE

k PLATE 13

- I



cover are most frequent in the plains area of the upper other two types. They occur most frequently during the
and middle basin. General floods due to melting of the winter, and precipitation is in the form of snow.
mountain snow accumulation alone areuncommon. but Because of the significance of flood flows in design of
mountain snowmelt becomes a major factor when heavy water-resources development projects, hydrometeoro-
rainstorms occur during the snowmelt period, logical investigation of some 160 flood-producing storms

in the Missouri -Basin has been accomplished, involving
Flood-Producing Storms compilation of published and unofficial precipitation
Fcdata, preparation of mass curves of rainfall, and-deriva-

The amount of precipitation, either rain or snow, that -tion of rainfall depth duration relationships. Locations
w thi e Missouri Basin may of and pertinent data for representative major rainfallany particular locality within stomsthaMhiesccrreraeihowabsfiur 30 Iai

experience during a storm or series of storms is a storms that have that the e rshown by figure 30. It is

function of tile atmospheric moisture present and the interesting to note th e storni which centered near

rate and duration of vertical lifting of the air mass. The estb a drld re rod of ine whe 12

basin experiences all of the storm mechanisms recog- inches of rain fell in 42 minutes at Ho t.

nized as lifting processes - frontal lifting, lifting due to
Major flood-producing storms in which precipitation

convergence associated with a low pressure center or a ajor f lood-rodcn stom sin hich p rtpresuretrouh, psloe ad orgrahic iftng i ti was primarily in the form of snowfall alsohiave occurredp ressu re tro u g h , u p sio p e a n d o ro g rap h ic lift in g in th ein t l M s o u i R v r B i .O e of t e m e n t a e w smounaintisares, ir assconectve nstbiltyar~ in the Missouri River Basini. One of the more notable wasm ountainous areas, air m ass convective instability , and at s oc te wi h il f o d s f A p l 19 2 o i e
squall lines. The primary source of moisture for all ttssoiRted ie flods of april Red ontestorms is the Gulf of Miexico. Missouri River, the Mississippi River. arid thle Red River

lor odteGucing orm ein. t Msof the North. The water equivalent pattern of tile snowF lo o d -p ro d u c in g sto rm s in t ie M isso u ri R iv e r B a sin c v r o e i e M s o r a i l i s a e , s d t r i e
may be classified synoptically into three types. In storms coverve t uri arin Plains 1rea, as deemned
of the first type, the-basin is under the influence of a by a survey during farch 17-20, 1952, is shown by
cool. high-pressure area of modified maritime polar or figue d ij eltdgio thi snow p a
continental polar air. Moist tropical air from the Gulf of associated ice jan s resulted in the naximiuni flood of
Mexico is brought into the basin by circulation of a record along the Missouri River from Williston, North
low-pressure area in the southwestern portion of the Dakota, to just above the mouth of the Kansas River.
United-States. Overrunning of the cool high pressure by
the moist air mass together with the westward upslope Floods of Record
of tile basin produce sufficient lift to cause precipita-
tion, Moisture content of the troPical air mass-and the Description of the many major floods that have
velocity and duration of the moist air inflow determine occurred in tile Missouri Basin is beyond the scope of
the amount and intensity of the rainfall or snowfall this appendix. Publicatiops exist in which such material
produced, is presented. Among these are annual flood reports

In storms of the second type, a persistent pressure prepared by tile Corps of Engineers, U. S. Geological
trough oriented in an approximate north-south direction Survey Water Supply Papers summarizing flood events
between the Pacific Ocean and the Rocky Mountains for specific years, and special reports prepared by these
produces a southerly flow of air on the east side of the agencies, the U. S. Weather Bureau and other Federal
trough. Moisture is brought into the basin at the same agencies, and the states involved.
time from the Gulf of Mexico, or in rare cases, from the Sonic flood events, however, have been so notable as
Pacific Ocean west of Mexico. Storms of this type occur to warrant specific mention. The 1881 flood in the
during tile stuinier when the Bertida high is strong upper Missouri River Basin and tile 1844 and 1903
enough to penetrate the south-central part of the United floods in the lower basin produced crest stages and peak
States and cause stagnation of the western trough for discharges which, at sonic locations, have not since been
several days. The persistence of this pattern causes a exceeded. The 1927 flood on the Missouri River,
continual inflow of unstable air which eventually results resulting from a combination of mountain snowmelt in
in numeious, locally intense thunderstorms, the upper basin and heavy rainfall in tile central and

Storms of the third type are caused by migratory lower basin, is notable because of its great flood volinie.
frontal systems moving into the basin from.the west. If The 1950 and 1952 early spring floods were outstanding
maritime tropical air is present or if the front stagnates examples of major floods caused almost entirely by
us,1l tropical air is transported into the basin froi the melting of the plains snow cover. Ifitense rainstorms of
Gulf of Mexico, precipitation results. Precipitation may relatively short durtion caused the great 1935 flood on
occur on either side of the cold front and is often the upper Republican River, tie severely damaging 19065
intensified by the movement of a stable cyclone wave flood in northeastern Colorado, and, in conjunction with
south of (ie anea of occurning precipitation. Storms of residual mountain snowinelt, the severe 1964 floods in
tie third type are more frequent than storms of the northwestern Montana. The 1951 floods in eastern
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FIGURE 3

LOCATION AND PERTINENT DATA FOR
MAJOR HISTORICAL STORMS
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FIGURE 31

WATER EQUIVALENT OF PLAINS
SNOW COVER IN INCHES

17-20 MARCH 1952

'4'

,I

7 -i/ g. 
.

Kansas and inj Missouri were outstanding examples of shown by thlis plate nmay occur if flows are significantly
floods resulting fromi a prolonged series of rainstorms. greater or significantly less than bankful. The approxi-

miate travel tinies shown are based on data obtained
Travel Time of Flood Peaks tltiough observation of actual flood events or, where

such data were not available, on information furnished

In connection with analyses of streaniflow on the by tlie Weather 'Bureau. the Bureau of Reclamation, ind
Missouri River as well as on tributary streams, ime of t(le Corps (if Ingincers concerning channel character.
water travel is a significant factor. The approximate istics.
travel tiute of a flood wave fiomi various locations in thie
basin to the miouth of the Missouri River is shown by Record Peak Flows
plate 14. The travel times shown are based on banklull

conditions and on the assumiption that thie flood wvave Peak flows of record in cubic feet per second per
will be p~assed through any reservoir in the basin as it square nmle of drainage area at streamgaglng stations and
occurs. Substantial deviations fromn the travel limies other selected %tes throughout the Missouri Basin are
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shown by plate 15. For a given size of drainage area probabilities of recurrence of historical drought periods
there is an obviously wide range of peak flow.Variations and of the ability of resultant low streaniflows to neet
in precipitation, topography, and soil are the primary water requirements for water-quality control. municipal
factors responsible for this. and industrial water supply, irrigation, and other water

Uses.

DROUGHTS AND LOW FLOWS
Subnormal Precipitation

A drought is an extended period of deficient precipi-

tation and runoff. However. it has no universally
accepted quantitative definition. As stated in U. S. All parts of 'he Missouri Basin have experienced
Weather Bureau Research Paper No. 45, "Meteorological numerous periods of subnormal precipitation. This is
Drought," by Wayne C. Palmer, 1965, "Drought means illustrated graphically on plate 5, presented previously in
various things to various people. depending on their Chapter 3. which shows the adjusted averge precipita.
specific interest. To the farmer, drought means a tion over each subbasin. over the Missouri Basin above
shortage of moisture in the root zone of his crops. To Sioux City, Ia., and over the entire Missouri Basin for
the hydrologist, it suggests below average water levels in each year of the period of record.
streams, lakes, reservoirs, and the like. To the economist The severity of rainfall deficiency. of course, varies
it means a water shortage which adversely affects the over, the basin. Table I I shows for each subbasin or part
established economy. Each has a concern which depends of a subbasin the minimutm average precipitation exper-
on the effects of a fairly prolonged weather anomaly." ienced over the area in any one year and the ninimutn

Historical precipitation and runoff records for the average annual precipitation experienced over the area in
Missouri Basin show that the basin is subject to a wide any period of 5 consecutive years. The I-year minitn
variety of drought conditions, ranging from short-term shown for the entire Missouri Basin is 68 percent of the
drought in small areas to long-term, widespread droughts long-term average annual precipitation. The I-year imra-
such as pligued the entire basin in the 1930's. No imuis for the subbasin areas vary from 46 percent to 66
attempt has been made in this appendix to establish percent of the long-term average atmual precipitation
arbitrary criteria by which drought severity tigltt be antounts. The 5-year minitiumt shown for the entire
judged. Rather, in the drought and low-flow studies itt basin is 81 percent of the long-term average, and the
connection with the comprehensive fraimework plan, 5-year itimiittums for the subbasins vary front 67 percent
emtphasis has been :placed on determination of the to 81 percent of the Iong-ternt :verages.

Table 11 - MINIMUM ANNUAL AND MINIMUM 5-YEAR AVERAGE VALUES OF PRECIPITATION
OVER THE MISSOURI BASIN AND OVER ITS SUBBASINS

Minimum Average Precipitation in Inches over Basin or
Subbasin Area Shown

Subbasin or Basin Area I-Year Year 5-Year Average Period
Upper Missouri 8,6 1872 11,6 1933-37
Yellowstone 8.8 1872 12.8 1933-37
Western Dakota 8.8 1936 13.3 1933 37
Eastern Dakota 11.1 1864 15.5 I02-36
Platte-Niobrara

East of 102o Longitude 12.4 1864 15.4 1860-64
West of 1020 Longitud.e 9.6 1876 13.1 1873-77

Middle Missouri 13.3 1843 223 1839.43
Karv-oi

East of 990 Longitude 13.0 1843 214 1933-37
West of 990 Longitude 11,2 1894 15,0 1952-S6

Lower Missouri 24.7 1q01 29.8 1952-56
,Missouri Basin above Sioux City, la. 10.4 1936 12.8 1933- "7
Total Missouri Basin 1 13.5 1936 1 16.1 1 1933-37

The extended drought of tie 1930's was the ntost during tle period 1873-1882. In tie Middle Missouri
critical of record in the Missouri Basin and, for the basiln SbIbasin, it was most critical during the period
as a whole, rainfall deficiency during the period froit 1838-1847.
1930 to 1939 was the iost critical of record. Individual In planning to nteet water reqtiietenls. it is neces-
subbasins, however, have had itore critical periods of sary to consider inclusiont of carryover storage in
rainfall deficiency. In the Platte-Niobrara Stibbasin West reservoirs to compensate for periods of deficient prep-
of 1020 longitude, rainfall defiLiency was most critical tation and ruitoff. StLe precipitation records itt tile
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Missouri Basin are generally available for much longer Since systematic streamgaging over the entire
periods than are streamflow records, evaluation of the Missouri River Basin began, in about 1928, there have
probability of recurrence of past drought periods has been two periods of extended and severely subnormal
been based on precipitation data. Figure 32 shows runoff. These occurred in the .1930's and in the 1950's.
pertinent data .nd sample curves of multi-annual preci. Subnormal runoff in the 1930's was of longer duration
pitation probabilities that have been developed -for the and of greater areal extent than that which occurred in
total Missouri Basin area. Similar curves have been the .1950's Subnormal runoff in the 1950's, hiwever.
developed for eachof the individual subbasins, and for particularly during the period from 1952 to 195o, was
the basin area above Sioux City, Ia. of major severity in Colorado. Kansas. Missouri. and

From the multi-annual precipitation probability Iowa.
curves, the probabilities of specific amounts of precipita-
tion in one year or in periods of 2, 3, 5, or 10 STREAMFLOW VOLUME-FREQUENCY
consecutive years can be determined. As shown by~these ANALYSES
curves, the minimum observed precipitation over a
period of 5 consecutive years, in the entire Missouri Hydrologiefrequency estimates are required in many
Basin and in each of its subbasins, has a recurrence phases of planning, design, and operation of water
interval as shown in table 12. Based on this study, it may resources development projects in order to adequately
be concluded that the minimum 5-year precipitation appraise the representativeness of past flood and drought
which has been observed in each of the subbasins except periods and to estimate the magnitude of future hydro-
the Platte-Niobrara and the Middle Missouri represents a logic events that water resource projects may experience.
greater precipitation deficiency than might logically be High-flow volume-frequency data are used in connection
expected in a period of record of about 100 years. This with establishment of floodcontrol storage volumes and

is particularly true for the Missouri Basin above Sioux in connection ith selection of design floods for levee

City and for the total Missouri Basin where the and channel-improvement projects. Low-flow volume-

minimum 5-year precipitation experienced in about the frequency data frequently are useful in connection with
past 100 years has an estimated recurrence interval of establishment of conservation storage volumes. Two
several thousand years. separate types of streamflow frequency analyses were

made. One involved the compttation of volume-

Table 12- RECURRENCE INTERVAL FOR MINIMUM frequency curve statistics from actual statior records
OBSERVED 5-YEAR PRECIPITATION and the plotting and coistruction of the resulting curves

MISSOURI BASIN AND ITS SUBBASINS by a computer-fed plotter. The second involved the
development of generalized relations, based on correla-

Recurreece IntervalI tions between frequency curve statistics and basin
Subbasin or Basin Area In Years characteristics, for subsequent use in developing fre-

Upper Missouri (122) 400 ( 1,280) quency estimates at any location in the-basin, gaged or
Yellowstone ( 74) 200 ( 550) ungaged.
Western Dakota ( 80) 222 ( 590)
hatern Dakota ( 82) 217 ( 560)
Pilatte-Niobrara

East of 1020 Longitude (360) 1250 ( 4,500) Data Available for Analysis
West of 1020 Longitude ( 25) 50 ( 100)

,ddle Mis;souri ( 48) 100 ( 220)Kanias 42 As previously indicated, daily streanfflow records of

East of 990 Longitude (103) 213 ( 740) 540 streangaging stations in and near the Missouri River
West of 990 Longitude (119) 333 ( 920) Basin were placed on IBM cards and magnetic tapes.

I.ower Missouri (117) 250 ( 890)
Misouri Basin above Siou City (700) 3846 (20,500) Although these daily streamflow records were readily
Total Misour'i Basin (460) 2222 (10,600) available for analysis, a number of the stations were

excluded from tuie streaniflow frequency studies because
tIn the recurrene.iniervail iumn, the middle value is the their records were of a duration too short to pernit
estimated recurrence interval in years. 'rhe values in paren-
th."esare the ')O percent conridence liit. reliable projection, their records were affected too

greatly by upstream control, or their drainage areas were

Subnormal Runoff larger than desired for the study,

Subnormal precipitation, of course. is primarily High-Flow Volume-Frequency Curves
responsible for subnormal runoff. 'rite severity of sub- from Station Data
normal runoff tonditions, however, is influenced also by
high temperatures, high winds, low humidity, and type i ligh-flow volumefrequenc, curves were plott ed for
of land use. about 475 of the 540 stations for which daily recoids
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FIGURE 32
AVERAGE ANNUAL PRECIPITATION AND MULTI-ANNUAL PROBABILITIES

YEAR j 1 2 3 4 5 6 7 8 9
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had been placed- on IBM cards. These curves were proposed'by L. R. Beard in his publication. "Statistical
plotted and drawn for eight time periods, ranging from Methods in Hydrology."
the instantaneous peak flow to the annual volume, High-flow volume-frequency analyses were performed
utilizing actual station data without, adjustment or for each subbasin. The steps involved in the generaliza-
generalization. Sample curves for the Yellowstone River tion procedure utilized are described briefly in the
near Sidney, Mont., are shown on figure 33. The points following subparagraphs.
were plotted and the curves were drawn by a CALCOMP
Plotter, utilizing an on-line RCA 301 computer. The a. In each subbasin, the streaniflowstations selected

Ploterutiizin anon-ine CA 01 ompuer.Thefor frequency analyses were divided into so-called
points plotted for each period for each station were
based on the formula: pivot stations and satellite stations. Pivot: stations

were selected on the basis of length of record,
Exceedence Frequency per 100 Years= M reliability of record, and geographic location.

N+I b. For each station, for each year of record, dis-
where: N = Number of years of record charges were determined in cubic feet per second

M = Order of magnitude (rank) of event for the water year peak discharge and in mean
cubic feet per second for themaximuin 1-, 3-, 7-,

The frequency curves drawn through the plotted points 15-, 30-, and 90-day discharges and the annual ]
were based on fitting the Pearson Type III function by discharge.

use of moments of flow logarithms in accordance with c. For each station logarithms were computed for

the procedure developed by L. R. Beard, Hydrologic each of the above discharge values.
Engineering Center, Sacramento District, Corps of En- d. Fromtie array of-logaritlmis of annual iaximui
gineers. The first two moments (mean logarithm and discharge values for each of the eight specified
standard deviation) were based on data from each periods of time at each station, tie mean loga-
individual station. The third moment (skew) was based rithm, the standard deviation of the logarithms,
on average skew-coefficients developed by the Washing- and the skew coefficient were computed for each
ton District, Corps of Engieers, as follows: station. These three statistics defined the coin-puted cumulative frequency curve for each period

Periods Skew Coefficient at each station.
e. Computed values of the mean logarithm and

Instantaneous 0 standard deviation at satellite stations were ad-
1 day -.04 justed by comparison with corresponding values at
3 days -. 12 pivot stations.

10 days -.23 f. For each station, those drainage basin and climatic
30 days -.32 characteristics affecting streamflow analysis which
90 days 37 were to be correlated with the adjusted mean

year -.40 logarithms and standard deviations were selected
and their values were determined.

Curves for the 475 stations are presented in a series g. Multiple correlations between the selected drain-
of working papers, one for each subbasin, entitled, age basin characteristics and the adjusted mean
"Iligh-Flow Volume-Frequency Curves for Selected logarithms, and standard deviations were per-
Durations." formed to establish regression equations for use in

computing means and standard deviations for the
generalized high-flow volume-frequency curves.

Generalized High-Flow Volume-Frequency i. Runoff coefficients and frequency indices for use
Analyses in the regression equations were determined.

Even among the streamflow stations selected for i. Appropriate skew coefficients for each duration
were determined. Pending completion of a regional

frequency analyses, the periods of record vary in length skew study for the Missouri Bashn, tie skew
to an extent sufficient to produce significant variations coefficients proposed by the Washington District,
in the reliability of streamflow volume-frequency rela. Corps of EnAgineers. and listed previously were
tionships based upon individual station flow records tised.
alone. The reliability of these relationships, however, call
be improved by generalization techniques, and these The climatic and drainage basin characteristics which

generalization techniques catl be used also to develop exert some influence on high-flow volumes are numerous
volume-frequency relationships at ungaged locations, In and • tried. The more significant factors involved are

- -. the analyses perform'd for the comprehensive frame- contributing drainage area, mainmtrean length, valle\
work study, generahization techniques have beenti used as slope, basin altitude, distance to drainage area tentroid,
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HIGHFLOW FIGURE 33
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infiltration capacity. normal summer precipitation. nor- The exceedence frequency of the points plotted for
mal winter precipitation, rainfall intensity, drainage area each period at each station was determined by tile same
shape. waler equivalent of plains snow cover, water formula used for high flows:
equivalent of snow-cover above 5.000 feet elevation and
above 8,000-feet elevation, and percent of total drainage
area above each of these elevations. er

Each of these factors was considered in analyses of

streamflow in connection with each subbasin to which it Whlere: , N = Number of years of record
was applicable. The significance of each varies from M Order of magnitude (rank) of event
subbasin to subbasin. Some aie of greater significance in

connection with evaluation of mean logarithms of
annual maximum flows; others are of greater significance werebaen fittingdthenPearou tpe l nt

were based onl filling tlhe Pearson Type !III function by
in connection with evaluation of tile standard deviation use of moments of logawitlins of tile annual minimum
of these logarithms. Table 13 shows for each subbasin fow values in accordance with the procedure developed
the drainage basin and climatic characteristics of greatest by L. R. Beard. The first two moments (mean logarithm
significance in connection with evaluation of the means and standard deviation) were based on data from each

and standard deviation of the logarithms of annual maxi- individa station w te epi tat, for th
nluil flws.individual station withn tile exception that, for those

mlum flows.
cases where the low-flow series contained zeio flow, a
small increment of 0.1 cubic foot per second wasLow-Flow Volume-Frequency Curves from substituted for each zero value. The third moment,
skew, was based on smoothed average skew coefficients,

Low-flow volume-frequency curves were prepared for weighted for length of record from the individual station
50 streamgaging stations in the Lower Missouri Sub- data for the subbasin, excluding from tie computations
basin. Curves were drawn for periods of I. 3, 7, 14, 30. those durations for each station where more than
and 90 consecutive days and I year. one-fourth of the annual miunium flow values were

Table 13 - DRAINAGE BASIN AND CLIMATIC CHARACTERISTICS
AFFECTING STREAMFLOW ANALYSES

t. Factors Closely Related to Mean Logarithms of Annual Maximum Flows for Eight Durations

'40

.~~ .. 01.
-'U-

Subbasin Z Z tZ 6

Upper Missouri X x
Yellowstone x X X
Western Dakota X x
Eastern Dakota X x X
Platte-Niobrara x
Middle Missouri x
Kansg X

,Lower Missouri x

II. Factors Closely Related to Siandard Deviation of Logarithms of Annual Maximum Flows for Eight Durations

0 'U-= o 0

Upper Missouri
Yellowstlone x
Wecstern Iakotax
E~asternu i)akota .sx

lIatte-Niobrara\

.ower Missouri
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zero. Annual frequency curves were plotted with zero oni, of its existing coniputer program, ittI • ! ,
skew. Skew coefficients used are shown as follows: conduct monthly reservoir .rgulatioi studc. tot ditiri -

ual potential reservoirs for a specified be period itd t,,
Periods Skew Coeffiient recycle aj necessary to determine the optnunen t aom'ist

I day -.40 of storage required to meet speiftiel J:mind. tinder
3 day -.32 specified shortage conditions.

7 day -.25 These studies were ,cuiducted tor a 4ri.%cjr Ia,,:
14 day -.20 period. generally 1927-1)b. utilizing strcanith.v &-a
30 day -.14 from long-record eations in the are.a. with int -_rig
90 day -.05 monthly flow data determined by multiple-,orrelation
Annual zero analyses in accordance with the (enter'- ;on nputer

program 23-67. Monthly Streaniflow Simulation. hi-
For those stations and periods where zero flows were flows to each potential reservoir were determined b%

experienced during a significant number of the years of consideration of drainage area and nean annual rUnolfff
record tile arbitrary assignment of a mean flow value of at the darn site, as conipared to the sane factors at the
0.1 cfs introduced considerable bias in the computed most appropriate gagingstation.
curve. In those cases, a curve eye-fitted to tihe plotted A generalized area capacity curve was developed for
points, ignoring the points representing tile arbitrary the Missouri River Basin by consideration of area
assigned values of 0.1 cubic foot per second was used in capacity curves for existing and planned reservoirs in the
lieu of tile conputed curve. This eye-fit curve was not basin. The equation of the curve used in these studies
extended downward below the lowest non-zero value, was
Computed volume frequency curves were plotted by a
Benson-Lehner Delta Card Plotter. utilizing an online A = 0.35 S0.8 1

RCA 301 computer. Sample curves for the Grand River t

near Gallatin, Mo., are shown on figure 34. A = surface area of reservoir in acres
The curves in figure 34 and other curves of this St =reservoir storage in acre-feet

nature were used to determine preliminary values of
reservoir storage requirenents for water supply and Although this curve may not be strictly applicable to
water quality control in the Lower Missouri Subbasin. any particular reservoir it is adequate for determining
Since these curves were without respect to season, reservoir evporation in s framework planning studies.

however, the effect of the phase relationship of water Evaporation estimates were based on USWB Technical
Evapoatio andnic wwter deaaed oiu notB Technpidabl

supp~ly and water demand could not be dependably Paper No. 37. "Evaporation Maps for th'e United States,"
deternined. Accordingly, low-flow volune-frequency by Kohler, Nordinson and Baker, 1959, modified as
curves were prepared only for this one subbasin and d 4 to aver o naescribed i chapter 4 orecognize mvrgenonthly
dependence on such curves was abandoned in favor of acompterstud ofresevoi coservtio stoagere. precipitation onl tie reservoir surface and average 11on1tl-
compuiter study of reservoir conservation storage re ly runoff from the land area covered by the reseivoir.
quirements. A 100-year sediment storage a1llowance was provided

in each reservoir and was assunmed to form a dead-storage
Computer Study of Reservoir Conservation pool. These sedinent allowances were deternined frorli
Storage Requirements generalized relations developed essentially as discussed in

chapter 5 of this appendix.
The most widespread water requirements investigated The comiptiter progranm which utilized these physical

during the comprehensive framework study were those data took the conputed nonthly inflovs and ran a
for water supl)lY and water quality control. Early sequential nonthly reservoir regulation study for the
estimates indicated that supplemental flows might be 40-year base period to determine the storage required to
needed at tip to several thousand locations throughout meet the specified monthly water quality control and
the Missouri Basin. Subsequent screening to omit loca. water supply deinanls under specified shortage con-
tions where flows were obviously sufficient to meet ditiotas. Shortage index criteria proposed by L. R, Beard
demands willitout storage, or insufficient to meet de. in tie publication, "Estimaling Long-Term lequire-
inlawlls even with muaximtu development of potential nents and Firm Yield of Rivers," were adopted. Beard's
stoiage sites, ieduced the number of locations to shortage index is defined as the sum of squares of ihe
about 500. alntl shortages expressed as a ratio to tie annual

Delerminuation of reservoir storage re(luirenieils to deumand, converied to it I 00-year base. A sho tage ildex
meet these denands was accomplished by utilizing the " 0.25 was adopltd for these studies, This index
services of the Ilydrologic Engineering Center, Sacra- represents one anllnual shortage of 50 percent in a
niento l)istrict, Cot ps of Engineers. The Center miodified 100-year period, 25 annual shortages of 10 per, enl, or
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any combination of annual shortages for which the sum Streamflow records, of course, reflect the constantly
of squares of the shortages totaled 0.25 in 100 years or changing levels of water resources development and
0.10 in the 40-year base period used. If only water streamtlow depletion. To be useful as an accurate
supply demands or only water quality control demands measure of surface water-supply availability; historic
existed at a given location the computer recycled as str'eamflow data must be adjusted to a common level of
necessary to determine the storage required to meet the water resources development and water use and a
0.25 shortage index criteria. If demands for both corresponding common level of streamflow depletion.
purposes existed, the computerprogram gave priority to Accordingly, available streamflow data have been ad-
water supply demands, then determined the storage justed to the level of water:resources development that it
necessary to meet water quality control demands with a is anticipated will-be reached by 1970 and the level of
0.25 shortage index. If in this computation the water streamflow depletion that it is estimated will-be reached
supply shortage index, was equal to or less than 0.25 the at that level of development. Year 1970 conditions were
storage indicated was considered acceptable and the selected for this purpose because the level of water
computer proceeded to the next station. If the water resources development in 1970 could be anticipated
supply shortage index exceeded 0.25 the computer with reasonable accuracy at the time these studies were
recycled adding storage as necessary to lower the initiated in 1964, and because it was considered desir-
shortage index for water supply demands to 0.25. This able to have the estimates of water availability current at
sometimes resulted in lowering the shortage index for -the time 'the comprehensive framework studies weie
water quality control to less than 0.25 and, therefore, scheduled to be completed.
future refinements-in the program are indicated to be
desirable. These probably will use a buffer zone concept-
to compute storages required to meet the desired
shortage index for each function..However, tlhe studies Assumed 1970 Level of Water Resources
accomplished are believed-to be satisfactory for frame- Development

work planning particularly since the problem of a

shortage index for water quality control or water supply
of less than 0.25 occurred at only a half dozen or so Water resources development projects originally
stations. assumed to be in operation in 1970 included all projects

Results of the computer study are summarized in existing at the time these studies were initiated in 1964,
table 14. Locations where the computer study indicated all projects under construction at that time, and those
the demand could be met by the natural streamflow additional projects which the constructing agency then
without regulation have been omitted from this table. anticipated would be funded for construction by 1970.

Major reservoirs in this category, and their approximate
total storage capacity, are:

HISTORIC STREAMFLOW ADJUSTED
FOR 1970 DEVELOPMENT

Prior to 1865, streamflow in the Missouri Basin was Chatfield Reservoir. Colorado 235,000 acre-feet;
largely unused except for transportation by water. At Clinton Reservoir, Kansas 397.200 acre-feet;
about that time, the early settlers and homesteaders, Grove Reservoir. Kansas 157.000 acre.feet:
their numbeis swollen by uprooted Civil War survivors, Round Mound Reservoir, Kansas 176,000 acre-feet;
started irrigation and mining veitures and began filing Rathbun Reservoir. Iowa 551,700 acre.feet;
for water-use permits in substantial numbers. Some Melvern Reservoir, Kansas 363,000 acre.feet;
additional irrigation development was induced by estab- Fort Scott Reservoir, Kansas 235,500 acre.feet;
lishment of Indian reservations. Stockton Reservoir, Missouri 1,674,000 acre-feet:

By 1898, streamflow depletions in the Missouri Basin Kaysinger Bluff Reservoir,
averaged about 3 million acre-feet annually. By 1910, Missouri 5,209,Q00acre-feet;
they averaged about 5.6 million acre-feet amnually.
Between 1910 and 1949, water use increased at a slower
rate, with depletions reaching an average annual level of
6.9 million acre-feet in 1949. Since 1949, with accel- Additional smaller reservoirs and small irrigation projects
crated Federal water resources development, water use also fll into this same category, but only those with the
has increased much more rapidly. It is estimated that, mote significant regulation or depletion effects have
during the period from 1949 to 1970, depletions will been listed. All of the major water resources develop.
have increased by 4.9 million acre-feet, on an average nient projects included in tihe assumied 1970 level of
annual basis. development are listed in table 15.
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Table 14 - RESERVOIR STORAGE REQUIREMENTS FOR WATER QUALITY AND M&I DEMANiDS
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Table 15 (Continued)

S Abjoi Reswvogs Affectiniig 1970 Flows Major lrrijation rojcts Assmed D~epleting By 1970

Subsit ________ Apmtcy CapaciyJOdr Name Ageny AcMe Remaks
(Acrefeet)

Cherry Creek CE 96,000 1948
Chatfield CE 235.000 Future
Kortes BR 4,800 1951

Platte River Glcndo BR 795,000 1958 Glendo Unit BR 32,000
McConaughy CNPPIJ) 1,948.000 1941 Tri-County -CNPPID 116,'800
Shermian BR 68,000 1962 Farwell-Sargent BR .67.100
Davis Creek BR 30,300 Futujre -1 1

Kendrick BR 24.300
Colo.-Big Thompson BR 720,000 TransbasinK import3l

isobrara Box Butte DR 31,000 1946 Mirage Flats BR 11,300

_______Merritt BR 74,000 1964 Ainsworth Bnt R 3,0
MideiitnIndian Creek CEq 8,600 Future I~00 ______

Kanopolis CE 432,900 1946
Hlarlan County CE 840,500 1951, Franklin BR 18,200

Superior Court land -BR 9.800
Tuttle Creck CE 2.367,000 1959
Wilson CE 776,000 1964
Milford CE 1.160.000 1966
Perry. CE 770,000 1966
Clinton CE 397,200 Future
Grove CE 137,000 Future
Bonny BR 1:70,000 1951 Armnel BR 800

Kansas Swanson'Lake BR 254,000 1953 Meeker-Driftwood BR 16.400
Enders BR 75,000' 195t1, Frenchman HBR 21,100
Harry Strunk BR 89,000 1949 Cambridge DR 15,600
Hlugh Butler BR 87,000 !962 Red Willow BR 11,200
Norton BR 135,000 1964. Almenia BR 5.400
Lovewell BR 92,000 1957 Courtland-Scandia 131 62.000
CedarBluff BR .377.000 1951 Cedar Bluff BR 6.600
Round Mound BR r176,000 Future Ellis B R 4
Kirwin BR 315,000 1955 Kirwin AI 11.500
Wabiter BR 261,000 1956 Webster B R 8.500
Wacon(Ia Lake BR 976,000 1968 Glen Elder DR 02 _____

RathbunCE 551,700 16
Melvern cc 363,000 Future
PomlonaI CE: 246,500 1962

Lower Missouri For t SCot t CE 235,500 Future
Stockton CE 1,674,000 1968
Kaysinger Bluff CE, 5,209.000 Fulture
Pommede 7brre CF 648NO0 1960 _____ ______

Garrison CE 24,400,000 1953
Qahle cf. 23,600,000 1958

,)ainl Steil) Big Bend CE 1.900.000 1963
Missouri River Fort Randall CE 5,700,000 1952

lGavinls Point CF 540,000 1955 ___

Irrigated acres include bothi new% developments and old lands receiving suplemenltal watersunpptics.
Privately developed irriga lion acreage is not shown, bilt depletions wvere accounted for in 1 970 flowv tabula tton%.
Major reservoirs in operation for inany years have not been included, such as On ffalc 4sill in V'yol ingj alud I .i)ke 0~ IA
Missouri.

INo depletion before 1970.
2 Irrigation acreage not firm butit curreintly appears to be 72.700 onl tLoNVer Miaias. 6.700 onl Sliadebil,. and 1.0100iiisi
3O)ther import projects are Moffat Tunnel. Roberts Tivinel. Grand] River Diltch, Eiigles oodIIm-tiv '

(Iivering 401I,000 acre-feet from Colorado River Blasin in to the Denver aIrea and 6.000 aviv-fe' I in:it, 44,-

4imptort averaging i 35,000 acre-feet annually from St. Mary River to Milk River lia, been t rvated 1* % *dj '
4M& I andi Flood ('on trot.
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Swowdim DqIdoi. 1970 DSdopIUt broken down by geographical location only. Increased
depletions during the period from 1949 to 1970,

Adequate information concerning both steamflow 4.9-million acre-feet, are broken down also by activities
and water use are available only since 1910. Detailed to which the increased depietions are attributable.
studies of streanflow depletion, accordingly, were made Plate 16 shows the increased depletions graphically,
for the period frorn1910 to 1970. Streamflow depletion with the same breakdowns used in table 16 but in
estimates were made for all types of water resources and somewhat more detail with respect to the activities to
related land resources development. Geographic distri- which the depletions are attributable. Plate 16 shows
bution of the projects included in the assumed 1970 also the surface water availability over and above the
level of development necessitated individual depletion 1970 level of depletion.
estimates in many of the smaller stream basins. The The estimated increase of 4.9 million acre-feet in
Missouri River subbasins, therefore, were divided into average annual depletions between 1949 and 1970 is due
smaller areas, each comprising the area above some to the following activities:
meaningful locality such as the mouth of a stream, a
stata boundary, or a major dam, and each relating to a
specific streanmgaging station. In all, some 110 smaller MW/ens of
areas were analyzed. Together they comprise the entire Act/Pity Acre-Feet
Missouri River Basin. Irrigation 2.1As previously indicated, streamflow depletions in the Evaporation from Major Impoundments 1.8
Missouri River Basin in 1910 totaled 5.6 million acre- . Fish and Wildlife 0.1
feet on an average annual basis. Depletions increased by Land Treatment 0.3
1.3 million acre-feet, on an average annual basis, during Minor Impoundments 0.4
the period from 1910 to 1949, reaching a total of Rural domestic water supply 0.1
6.9 million acre-feet. It is estimated that they will have Municipal and Industrial water supply 0.2
increased by another 4.9 million acre-feet on an average Forestry 0.1
annual basis by 1970, reaching a total of 11.7 million
acre-feet. The historic growth of streamflow depletions TOTAL 4.9
in the basin, and the projected further growth to 1970,
are illustrated by figure 35.

The evaporation value in the preceding tabulation,
FIGURE 35 represents net evaporation from lakes and major reset-

GROWTH OF STREAMFLOW DEPLETIONS voirs. On lakes and reservoirs that were in existence
12 throughout the period of streamflow record, evaporation

-depletion was not estimated since streamflow records
0 ,,already reflect such evaporation.

Irrigation depletions were estimated in several ways.
/ For almost all large irrigation projects, depletion esti-

A / mates were readily extractable from available reservoir-
eration and water-supply studies. For smaller projects

for which such detailed studies were not available,
A ,*X ITT ,--depletion estimates were based on diversion require-

ments and return-flow allowances deemed applicable for
the geographic area and, irrigable area involved. For
ground.water withdrawals from stream floodplain areas,

or net depletions were applied directly in the months
pumping was accomplished. With withdrawals at some
distance from a stream, where pumping affects only the

Iwo 70 so 9o 1900 10 20 30 40 50 110 1970
YEAR stream base flow and only after considerable lag time,

net annual depletions were applied to base flows by
months uniformly throughout the year and were limited

The increases in depletions during the period from to the extent that base flows were available. With
1910 to 1949 and during the period from 1949 to 1970, withdrawals remote from any stream, no streamflow
by subbasins and smaller stream basins and for selected depletions were charged since local aquifers rather than
locations along the main stem of the Missouri River, are streamflow are depleted and, when the ground-water
summari:!ed in table 16. Increased depletions during the tables decline sufficiently, the aquifers will be lost as a
period from 1910 to 1949, 1.3 million acre-feet, are source of water supply.
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T"bl16 - SUMMARY OF ESTIMATED AIVERAGE ANNUAL DEPLETIONS IN THE MISSOURI BASIN

1 910 1936 11149 - r - -kw

fig I___ I hIed

UPER IMSSOURII
I Develead River lbsin 6&185 91.2 14.0 77.2 70.7 6.9 0.7 0.4 200
2 Ruby River Sait 6-230 40.6 40.9 -0.3 - 0.3 130
3 =hoe iver Sasin 6-253 - 7.3 -7.3 - 7.3 790
S e5 ro River Valley Area 6-345 4.7 4.7 4.7
6 MIadison RiveBasin 6.410 - 3.6 1 .6 7.6 - 9.4 0.2 1.170
7 Galatin River Bain 6-5S 24.1 24.3 28.0 -.4.3 0.4 650
9 Missurui Vally Am above Toiing 6-545 70.1 45.0 25.3 2S.1

I I Smilth and DearbornRivers Ame 9.4 -25.0 34.4 2-3.0 30. 0 1.4
10 Soan River Basin 6490 132.3 96.3 15.9 5.1 10.0 -0.2 0.2 490
33 Murias-Teton Rime1r~iut 6-3095 35. 34.0 101.7 33.7 40.0 .13. 9.3
34 Artow~iadth River Bigins 6-13ISO 33.3 11.3 SA6 -0.8 6.S
:S Musselshtell River Basin 6-130S 46.3 20.0 26;1 23.3 - 2.9 5.8 130
17 Mmnoai Valey Area to rort eck 6.1320 14S.2 - 9.0 354.2 30,0 95.0 29.2

Evaporation from Fort Peek 443.0 443.0
Subtotal above Fort Peck Dam 1.1226 637.2 463.4 277.3 31. *16.9 53.2

35 liflk'River Basin 6-374S 77.8 77.3 36.9 3.0 39.9 430
36 Potplar River Satin 6-1810 3.7 3.7 0.6 3.1 300
37 Missouri Valley Area to Williston 6-3300 402 36.0 24.2 32.0 32.2

Subtotal Fort Peck to Garrison 133.7 36.0 139.7 49.3 3.0 5S____ 3.2 34.0-
Total 1.258.3 673.2 383.3 326.8 152.8 -16.9 3084 14.05 7,276

YFLLOWSTONE
1S Yellowstone River above Livingston 6.1925 6 8 6.89 80 - 1.3 0.3 2.500
39 Stillwater River Sasin 6.2050 3.5 33 3.5 630
20 Clark% Fork River Sasin 6-2085 4.3 4.11 4.7 1.8 3.4 720
23 Shieklvitoulder-Rock Creek 6.2343 30.2 3.35 24.7 1.0.2 1 .4 5.9
22 Wind River Batin 6-2590 393.9 304.3 89.6 36.2 53.8 -6.4 6.0 960
23 Greyboll River Basin 6-2775 10.7 300 0.7 0.3 06 320
24 Btighorn Valley Area above K~ane 28.3 0.3 21.8 23.3 6.3
25 Shsoshone River Basin 6-2850 332.9 36.2 76.7 76.3 0.9 -1.6 3.1 310
26 Bighrorn Valley Area to St. Xavier 6-2870 26.4 26.4 23.8 -0.2 0.8
28 Tongue River 6-3083 16.2 4.3 33.7 7.6 3.8 1 .9 4.2 280
29 Yellowsr6nc Valley to Miles City 6-3090 35.6 10.4 23.2 36:6 -3.0 9.9 1.7
30 Upper Powder River Basin 6.3170 33.4 3.5 9.9 3.0 .06 7.5 383
33 %fiddle Powder River Sasin 6-3243 4.3 3.2 3.1 3.1 2.0
32 Lower Powder River Basin 6-3263 342 2.9 33.3 3.6 3.1 6.6
33 Lower Yellowstone to Sidlney 6.3293 305.3 80.3 24.8 32.1 1____ 2.7 _____

Totml 629.9 268.9 363.0 213.1 82.3 -33.9 65.3 36 26 800
WESIERN DAKOTA

I Little Mivsouri River Basin 6.3370 28.7 3.0 23.7 8. 1.3 34.0 390
Subtotal above Garrison I)anr 28.7 3.0 23.7 8.2 3.5 14.0

2 Knife Rime Blavin 6-34035 5.2 0.9 4.3 1.9 2.4 330
3 Heart River Basin 6-3490 23.8 3.4 22.4 9.3 8.0 0.1 3.3 1.3 340
4 Cannonball River Biasin 6.3540 9.4 3.2 8.2 4.2 0.A 3.9 340
5 Grind River Basin 6-3380 33.3 3.2 48.3 23.8 34.3 0.2 3.0 3. 0 350
6 M.oreau River Basin 6.3610 20.8 3.8 35.0 7.8 7.2 370
7 Upper Cheyenne ier Basin 6-4015 75.8 4.2 73.6 47.4 9.7 0.31 14.4 401
8 Belle Fourche River Biasin lAyo, 6.428S 3.8 0.4 3.4 7.0 .33.1 $5 so
9 Lower Clieyenne [Linir 64393 76.2 3.0 73.2 33.0 1.3 is's 3.4

Subtotal Garrison to Oahe 264.5 20,3 244.4 347.6 40.3 -10.6 57.2 9.9
30 Bid River Basin 64433 1 5.11 7.3 8.3 2.0 0.4 5.9 3010

Subtotal Oa.vli to Btig Bend 33.8 7.3 it., 2.0 04 5.9
11 %%lurie ivet Basirn 6-4320 56.3 34.3 42.2 39.4 06 21

Subtotal Big Bend to Ft. Randall 56.3 34.3 42.2 39.4 ____ 0.6 0 1

Total . 365.5 46.9 338.6 377.2 40.3 -8.3 99.3 9,97 2.430

l'AS IIRN 1)AKOIA
I Msisouri Valley Willivon to

Bisrirarck 78,5 9.4 69.3 $4.0 4.7 30.4
Subtoial abov e Garion 1) in% 68,3 9.4 58.7 54.0 4.7
Sublolal below Garrisiri 1 0.4 304 30.4

2 issouri Vsalley 3tiurrarcl, i), . 04 . .
Niobrisge167 63 04 J12 . I

3 Nis'souri Valley mobritlgo to Pierre 27.0 7. 39.2 34.7 21.5 2.0
Subtotal GArrion to Oahec 34.3 14A1 4011 39,8 6,7 3435

7 M41sinui Valk), Pierre to Sion% (try 77.8 37.2 606 -44.2 0.7 30.7 3.0
Suibtotal of Oahe to GavintrPoint 37.2 59.8 44.2 07 9,9

4 Jime, River Bavin 64785 62.3 4 4 57.9 48.2 2.4 2.3 _.0 230
S Vcnirulliori River liiin 64790 32.3 0.6 33.7 30.2 0.5 3.0 so0
6 Big Siou\ River Basin 6485 40.9 3.6 37.3 27,0 ____ 2.9 7.4 580

loIJI 15 -35 49.3 2:66.2 03,4 2.4 0.7 1 26.8 29~ ,3

Locrationr of gaging station' 'In rtatest 12 and 37.
21lncludvie INVt. rleetrpirnts causing depletions during tire perioirt( recrord, 'the" are generally Inrsignificarnt, but vcepltirrs arg' V4t. Ilerid in Area 17 of Uppier Montrti

.Snlrlrasin arid Area Io Ir [astern liabirta Snlbastin associated vvith tiarnisrn Diversioin Unit. Neithrer It cirirpiried to dat, but %Nil] eva3rrrate $0 0 andi ir0.0 ihorasaid A. 3.

3In, 'urtes svtlet cuttinig. thrinning, and management practices wichi Increase runoff.
j ~feistv on all land, (I*V~deal Andu private) frorm- land treatment (cirnionring. rtracing. drainage arid Water stpreadinrg). irrlnoi mponntuils (farm pngrid. daugiuis, crosioni

grints, fishcferi. recreAlon puit arnd small Irrigatlion reservirs nt all agencies. gruprr andI inidividuials) rind upsrreoirr vv alsleJent vtructural ireasrures,
Rurl tnnrstcarntlevve. 10.4 Mining ~- 0.3 M& I - 31.1

Rtuadrnettejrdliesrvl" - 7,5 \lilting - 2.3 M&l I 4.$ lireinalp-iser - 1.7
7 Itural drunlici nd lrsettoc. I.) Minilng -1.4 MI 7.2~ tirlsirreri rd letre.22.k liermal printer 10.4
9 la~prrrailrri froint fiv irarn lrn 1eserviris irs thIs reachi vwill dcvic aroirrler 1. 1 mrllionr actefeet.
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T"bl 16 (Continued)

t o 3 so 1970..i R v

PLATM-N4IORARA25
I Nuih btte vaa incori& 6200 21.11 1.2 20.7 18.4 3.3 - 1.3 0.320
2 Se wau ail abo.Aova 64420 611S 441.5 17.4 32A6 1.5 -21.3 3A 1.2
3 No. Platai-111ya.Aovato Wha. "4570 34.0 3.0 31.0 3.1 20.9 - 3.51 3.6 6.7
4 Lassauie River~ab Dis "705 SA 0.3 5.3 6.3 .3.2 .2 06 70
S No. ftftu1"hwhalsooLAe. 64460 23.3 1.7 21A 16.7 4.9

= f UPU.~habvSORM.CWb. 6.7075 2.2 2.3 .4.5 .5. 0:7' 240
7 -aregiAal.Co j 6-7200 SII 06 -9.4 0.1 0.5 .10.0.. 70
8 St. Valm Riouvauwc.Iinrdo 6.310 -6.1 0.8 -6.9 -6.6 -0.9 06 140
9 gW4 Thompson othe bsn.Caco. (.1440 .20.6 0.6 -21.4 -20.7 - 1.4 0.7 60

10 Cache LhiCeo.Wyo. ~ 6-7525 .32.011 2.2 -34.2 -28.0 - 7.2 1.0 so6
I So.PrawsfeimssS.1111fthlo Woas '6-7S3 4S.4 1. 44.3 40.1 - 1.3 4.3 -1.2
12 so: ritw from Wal~ib leftsoJkmg -7640 22.8 2.2 20.6 13.0 0.4 7.2
13 bledhrLoop iverBasin 6.7830 205. 34.3 171.3 153.3 7.1 5.9 630
14 North LovisRhweBsi 6-790 39.6 23.7 16.1 14.9 1.2 310
15 Loop aiodCedatrRwnf aslin 6-7145 628 11.2 71.6 27.0 2.3 423l
16 ENCINOn River Bai 6400 64.2 7.4 36.6 5.0 0.6 740
I7 Milte RheBainto A*1Ad 6.6010 365.1 2.11 362.3 324.0 59.1 20.2 -41 O

Tota toPlatuer leain, 9002.9 140.3 7626 635.3 91.9 -44.8 59 .0 1212 3,172
Is Lippeeifclsaibaul 6-4573 16.6 0.3 16." 13.1 24 3.0 70

19 Smu aim begin 64S"S 100.2 100.2 100.2 60
20 Mideirwarsalim 6d4615 6.1 4.1 7.0 1.1
21 Lowr Nloreaain "SO65 .30.4 0.3 -30.7 -33.5 2.9

Total inNiobraraas 9$n6.7 0.6 WI. 66.6 2.4 ,6.9 _1,030

TOWa 999.6 140.9 656.7 742.1 94.3 44.8 65.9 1.2 4.102

2 Floyd Riverbasn 6400 4.2 06l 3.4 0.5 2.9 130
7 U.ttleSlosiesuqin 64067 15.9 2.3 13.6 1.3 12.3 550

X4 #.pe River~~ Bot072 C.0 1.2 4.6 0.4 4.4 1605 5.44in Rivta Bel" -66065 3.6 0.5 3.1 0.5 4..6 90
6 I'lverRiver Basin 64095 t0's If 6.6' 1.0 7.8 200
7 NoValley S.C. to Omahai 41.2 4.1 37.1 13.7 21.4
9 No. Valley OmAb to Neb. City 636 2.6 61.0 32.86. 22.2

10 Little Nensahagasi 6-61I5 16.7 0.6 16.1 7.3 8,8 210
I1 Nlsnabotaers-0'a -sn 6-8100 24.9 5.1 19.s 2.7 17.1 670
22 Nemals Riverasin 648150 26.9 1.6 25.1 11.6 1345 450
13 TarkioRiveasln 6.9130 5.1 1.2 3.9 3.9 1 30
14 "4dway River Bain 64817S 9.4 3.7 5.7 0.9 4.8 I 370
IS Mo. Valley Nb.Ciy to St. Jr W6, 26.5 1.0 is's

16Platte %uet (is.-Mo.) 6.6203 11.3 3.1 6.2 8.2 550
Is No 

5sa liySt.ioe. toK.C. 14.5 3.1__ 11.4 ____ ___ ____ 11.4 _ __

icxzluins Kansas basin)
Total 379.3 32.1 347.2 75.7 6.0 167.3 98.213 7,670

KANSAS RIVER
1.2 South Fork Republican River Basin 6-8275 10.5 10.5 2.5 6.4 1.6 30

3 Arikatee River IMu 44.0 44.0 28.5 23.2 2.3
4 Frenchman Cryock sasin 6.6355 43.0 431.0 35.8 4.6 2.6 60
S Red Willow.Medicine Creek Areas 81.4 81.4 64.3 9.3 7.8
6 Beaveir-Sappa-lPrairde Dog Basins 100.9 100.9 43.7 45.0 12.2
7 Lower Republican Basin 107.6 107.9 $9.1 30.4 I 18.3

8.9 Smoky Hill1 River Basin 648655 60.8 4.4 56.4 9.6 28,7 18.1 200
10 Salinec River Basin 6-6693 40.6 40.6 0.7 22.0 17.9 240
I I NorthFork Solosmonliver 6-6725 36.1 1.4 36.7 1219 13.3 10.5 120
12 South Fork Solomon River 6.6740 26.4 0.5 25.9 9.2 7.5 9.2 120
13 Solomon River Ravin 6.8769 35.8 1.5 34.3 24.4 9.9 W5
14 Bil Blue River Basin 6-6620 43.3 6.l 35.2 22 8 12.4 530
IS Little Blue River Basin 6-6640 20.2 4.0 16.2 11.7 4.5 I50
16 Lower blue River Basin 52.3 4.5 47.8 5.3 30.0 12.5
17 Kantsas River Basin 74.9 3.7 71.2 13.7 33.21 ____ 24.4

Total V!'5.6 28.2 767.5 319.8 267.9 1.2 564 4,1S4
LOWERIMISSOURI

6 Blue River Basin IMo.) 6.8935 0.5 05 0.2 0.3 90
7 Little Bluec Basin (Mo.) 6-8940 1.4 I.4 1. 70
6 Crooked River Basin 6.6950 0.5 0.5 05 60
9 Mo Valley K.C. to Waverly 9.2 9.2 9.2

10 Wakenda Creek Blasin 6-8960 .0.0. 90
11 Grand River Basin 6-9020 43.4 23.9 19.5 19$ 2,600
12 Chauriton Rlie Basin 6.9055 16.3 1.1 15.1 O.4 11.9 2.9 770
13 Lamine River Basin 6.9070 1.9 0.7 1.2 1.2 320
14 Blackwatcr River Blasi 6.9060 2.8 05 2.3 2.3 490
1S Mo. ValleyWisvcrly to Boonville 9.6 9.8 9.8

16.20 Osage River Basin 119.3 .12.9 106.$ 2.3 8,1 16.A 6,600
22 Gasconade River Basin 6.9335 5.3 06 4,5 3.4 1.1 1.700
23 Mo. Valley Boonville to Hlermanno 46 1.7 3.1 ____ 3.1 ____

Total 1 260.0 141.5 216.5 1 2.19 1100.0 1 3.4 1 67A I 44 S1$ 17,263
2

1ntludes IVWL developments causing depletions during the period oI record. iticy are geiisaly insignificant, but esceptions art U-1, hend in Are-a 17 of Upper ti'hsouii
Subbasin and Area I of Eastern 00, sin Subbasin Associated with Garrison Diviseriin Unit. Neither Is cipicrlc ito date. but %N111 evaporate $0.0and 005 Uihonvtvnt AAI

3irctudris eledive cutting, thinning, and management practices which increase runoff.
AIFffectL on Alt lands (Federal and pihalt) from land treatment (contouring. terrueing, drainage and wkater spreading).minor Impsrunldiens flawm ponds. dsuts, erosisrs
ocoilirol. fisheries. recreation ponds and small Irrigation reservolrs of alt agencies. groups and lndividuasl)and upsteam ssairrshc structural measures.

IMo" 'Jgtseelto., (accion In Areas 7, 8,9, an. 10 are increased return flosvs from import.
t11,urul domeice And Ivesoc 2.1; Mining - 4.2; M&I - t0O0 (effluent) 4md 1.2 cOfnmed~lidopoV-e sltivrsn - 42.3 in Area 1 S ictuins 41.0 to Awea 17 fon depls'iton
or41.3t thermal power -. 2.4.
turall domestic and livestock - 60.0 Mining.- 0.2 M&16I - 31t.0

1
4

1tural domestic and Ilyi~etocl - 11.7 Mining - 0.2 M&I - 3.7
13 Rural dmeile an d tisestoc k - 10. 1 Mining - 0.4 M& I .- 34.3 77



Table 16 (Continued)

11910 190 Im m [ F1af ftFC Wa 1u

Fromt Upper Misouri Tita. 681.6 216.2 465,.4 277.3 1511 -16.9- 53.2
Evaporation at Fo.t Peck Ret. 441.01 441.0

FORT PECK DAN 1,122h6 657.2 46S54 277.3 151.8 16.9 53.2
Fort Peck to Garrison Dan

From Upper Muowri Trib. 13S.7 16.0 119.7 49.S 1.0 55.2 14.0
From edlowtroeBasin 629.9 268.9 361.0 213.1 $23 15.9 65.3 16.2
From Western Dakota Tib. 28.7 5.0 23,7 8.2 I.S 14.0..
FrEatrain atam kn. 345.09. 5.0 54.0 4.7.
Evrto at e sTRe. W.01 9.4 55 54. 47-".. .

GARRI"I DAM 2.530.0 956.5 1,573.5 602.1 780.1 -313 192.4- 30.2
Garrison to Oahe Dom

Fromt Western Dakota Trils., 264-5 20.1 244.4 147.0- 40.3, -10.6, 57.2 9.9
From Eastern Dakota Tribi. 54.1 14.1 40.0 19.8 *- *.5;7 14.5
Evaporation at Oahte Re&. 420.01 420.042.

OAHE DAN 3,268.6 * 9%0.7 2.277.9 769.5 1'240.4 -41.1) 235") 54.6

Oahe to big Pend Dam
From Western Dakota Tribs. 15.8 7.5 .32.0 *..0.4 5.9
Evaporation at Big Bend Ret. 76.01 76.(0 76, 0

BIG BEND DAM 3.360.4 998.2 2.3S212 771.5 1,316.4 -4l.S -61.2 54.6
Big Bend to Fort Randall Dasm

From Western Dakota Tribt. 56.5 14.3 ~ 42.2 19.4 & 06 22.2
From Eastern Dakota Tujib. 52.4 11.4 41. 29.5 0.7 7.4 3.A
Evaporation at fort Randall Resi 1.0 77.0 f 77.0

FORT RANDALL DAM 3,546.3 1.023.9 2,522.4 820.4 1.593.4 -40.2 290.8 59.0
Fort Randall to Gasinit Point

From Eastern Dakota Tritrs. 25.4 5.8 19.6 14.7 3.3 16
From Niobrara Basn 96.7 0.6 96. 86.81 2' 6,9
Evaporation at Gasint Point Rtet. 27.01 27.0 27.0

GAVINS POINT DAM 3,695.4 1,030.3 2,665.1 921.9 L422.8 -40.2 301.0 59.6
Gavini Point to Sioux City 115.5 8.6 106.9 85.4 2.4 5.7 131.4

SIOUJXCITY. IOWA 3,810.9 1,038.9 2,772.0 1.007.3 1,425.2 .40.2 306.7 73.0
Sioux City to Omaha 82.2 10.9 71.3 19.4 51.9

OMAIIA.NERRASKA 3.893.1 1,049.8 2,843.3 L,026.7 1.425.2 .40.2 3586 73.0
Omaha to Nebraska City

From Middle Missouri Tribs 6362.6 61.0 32.8 60 22.2
From Platte Riser Basin 902.9 140.3 762.6 655.3 91.9 .44.3 59.0 L.2

NEBRASKCACITY. NEBRASKA 4,859.6 1.192.7 3,666.9 1,714.8 1.523.1 .8513 439,8 74.2
Nebratka City to Ran-as City

From Middle Missouri Tribi. 233.5 18.6 214.9 23.5 93.2 9&2
From Kansat River Basin 795.6 28.1 767.5 319.8 267.9 16C42 15.6

KANSAS CITY. MISSOURI 5,888.7 1,239.4 4,649.3 2.058.1 1.791.0 .85.0 697.2 1880)
Kansas City to Boonville 130.6 26.2 104.4 0.4 11.9 47.1

BOONVILLE. MISSOUIki j~m 1.26S.6 4.753 7 21058.7 1,802.9 -85m ~ 143 1811.
Boonville toHermann 129.4 15.3 114.1 2.31 88.1 34 203 44.8

HERMANN. MISSOURI 6,148.7 1 1,280.9 4,867.8 12.061.0 1.1191.0 -81.6 764.6 232.8

Estimated evaporation fromi Main Stem Reservoirs baw~d on Operation Study PGOR-19A. Thee vAlues ~ere subltantiatcd upon c~ompletion of an operation Study
conducted for eomprehensive basin planning~ and using average annual trbutary depletions sho%n 0 Irre.
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Depletions by municipal and industrial water'supply Stumflow Regulation, 1970 Development
and rural domestic water supply were based on the,
increased usage for these purposes indicated by compari- Large reservoirs frequently are designed to draw
son of population and actual use rates in 1940 with down or refill over a period of years. Thus, in any
1970 projected population and 1970 projecteduse rates specific year, they might reduce or increase natural
per person. Consumptive use of water for these purposes streamflows byamounts varying over a substantial range.
range from 20 to 30 percent of the gross water Since monthly operation studies are available for all
requirement. Depletions were applied uniformly 1-rge reservoirs, the effect of any reservoir on natur-I
throughout the year. Depletions for thermal power streamflow under conditions of 1970 development was
plants are included in the depletions for municipal and readily determined by the difference between the
industrial water supply except where the power plant planned 1970 release and the historic release for any
intakes had obvious non-urban locations. specific month. For a reservoir not historically in

Land treatment measures considered to have a sig- operation, the effect was determined by the difference
nificant effect on water supply include contour farming, between the planned 1970 release and the naturolt
terraces, waterspreading, farm ponds, and drainage im- streamflow.
provements. Except for drainage improvements, these
measures normally cause some depletion of streamflow Some reservoirs were in operation throughout the
in most watersheds in the Missouri Basin, with the period of streamflow record, but past operations were
magnitude of deplktion influenced, by &h location not representative of those that will be necessary under
geology, soils, and climate of each watershed and the 1970 conditions and demands. In such cases, new
percentage of watershed area to-which land and treat- operation studies were made, and the monthly releases
ment measures are applied. Procedures used to estimate shown by the new studies were compared with historic
depletions are explained in the U.S. Department of monthly releases to determine the effect on streamnflow
Agriculture Technical Bulletin No. 1352, "Development under 1970 conditions of development.
of a Procedure for Estimating the Effects of Land and
Watershed Treatment on Streamflow," a publication Reservoirs that were constructed and beganoperation
which was the result of a cooperative study by the Soil during the period of streamflow record required special
Conservation Service, the Agricultural Research Service, consideration. In each such case, actual flows during the
and the Bureau of Reclamation, period the reservoir was in operation were modified to

Small reservoirs usually operate on a cyclic pattern. obtain flows as they would have been without the
Generally, they fill in late spring, are drawn down reservoir in operation. Anew operation study consistent
through the summer and fall months, and begin to refill with 1970,,release requirements then, was made, begin-
after the winter period ends. They regulate natural flows ning with an assumed full seasonal storage. The differ-
by reducing high flows and increasing low flows. ence between the monthly 'releases hown by the new
Noemally, they deplete stp"imflows only to the extent operation. studies and the reconstituted naturl flows
of net evaporation losse.. was adopted as indicative of tie regulating effect of the

9J reservoir.
Forestry depletions were estimated for reservoirs and

stock ponds on lands administered by tie U. S. Forest
Set-vice, and were limited to net evaporation losses. Remaining Surface-Water Supply,
Forestry accretions were estimated for areas on which 1970 Development
forest harvest has been accomplished or is planned
during the period from 1949 to 1970. Past studies have
shown that an average annual wate.r yield of one Tabulations of remaining monthly streamiflow vol-
acre.foot per acre is representative of forested central times under conditions of 1970 development have been
Rocky Mountain watersheds. Measuremients at the derived for 110 locations in the Missouri Basin. Plate 17
Fraser Experimental Forest, as well as ,,ither Colorado shows the locations for which these 1970 conditionI ftidies, have shown that forest cuttlig increases water streamflow tabulations were derived. Table 17 is an
yields by 25 to 35 percent. An increase of 22.5 percent example of the 1970 condition streamflow tabulation
was used in the Missouri-B ,siin studies-to allow for tie for Hamburg, Ia. All of the monthly tabulations aie
effeci of regeneration of the earlier cuttings during the included in the working papers prepared by the Ily(dol-
study period. Effects of construction, forest fires, and ogic Work Group.
other changes were considered to be offset by reforest-
ation and other forest improvement measures. The net As previously indicated. the total annual volume of
effect of forest immanagement on historical streamflow is remaining surface water supply under 1970 conditions
an accretion, or negative depletion. ot development is shown for each subbasin on plate I o.

79



Table 17 - MONTHLY'AND ANNUAL STREAMFLOWS FOR ,1970 DEPLETION LEVEL
NISHNABOTNA RIVER ABOVE HAMBURG.JOWA

Year (k'. N.Y. Mc. J-. Feb Ma. Ap. -Mw

192021
22-
23

24 ___ ___

1925
26
27
28
29 23.9 53.3 67.6 26.1 24.0 253.8 127.8 78.7 63.7 118.4 23.6 20.9 881.8

1930 24.8 35.3 125.7 17.1 ' 50.9 23.2 16,7 30.9 30.6 4.0 10.2 5.9 275.3
31 6.9 8.8 -6.5 6.5 " 4.8 5.1 5.4 10.7 89.7 18.3 18.3 41.1 220.1
32 59.7 139.0 89.2 140.0 146.6 122.6 84.0 108.1 154.7 67.3' 182.8 48.9 1342.9
33 27.2 29.5 30.4 61.5 18.7 30.8 1 33.4 18.9 6.8 9.8 19.8 23.4 310.2
34 7.9 6.3 8.2 18.3 7.8 8.1 1 6.2 1.3 17.6 9.7 0 15.1 106.5

1935 12.0 17.1 6.9 30.8 73.1 . 28.9 3.5 10.0 72.2 12.8 4.5 5.3. 235.1
36 10.3 18.6 5.6 3.9 ,29.7 233.5 19.4 20.0 32.7 C, 0.9 91.6 466.2
37 16.9 5.6 8.1 6.1 129.9 150.5 22.2 45.6 18.3 22.13 21.4 2.4 449.0
38 2.4 2.6 1.7 1.9 2.3 6.5 9.0 23,0 26.4 25.9 41.8 73.7 217.1
39 6.9 8.6 4.5 4.4 18.0 189.3 8.6 5 0.0 71.3 63.3 4.2 431.6

1940 4.0 2.9 3.0 1.3 0 39.1 11.1 6.4 9.3 55,4: 149.8 9.1 291.4
41 5.3 8.4 7.6 10.8 16.2 20.6 26.9 10.7 148.2 26.0 8.1 75.0 363.8
42 98.4 62.0 47.7 61.5 45.0 85.9 47.8 137.0 133.0 98.3 37.1 51.3 905.0
43 18.3 13.9 19.1 13.5 98.4 54.1 25.4 70.9 156.6 38.0 64.0 19.9 592.1
44 7.7 30.0 7.4 IO., 13.6 32.0 68.4 178.3 291.4 100.6 95.3 31.0 846.5

1945 35.4 20.7 11.8 16.1 37.6 148.6 145.8 333.0 277.4 130.5 104.4 32.5 1,293.8
46 24.5 21.1 17.6 65.8 125.1 106.t 37.3 61.6 99.2 33.1 74.3 119.3 785.5
47 98.8 65.4 39.2 32.4 42.5 65.6 ,162.2 1221 976.8 176.5 51.8 22.1 3,855.4
48 20.2 26.5 21.0 17.8 ;91.3 250.9 63.2 36.2 13.3 55.5 35.2 24.5 655.6
49 9.9 18.1 35.6 84,1 65.4 290.2 46.1 42.7 118.7 43.6 18.3 17.4 770.1

1950 19.3 11.3 12.3 7.1 77.6 94.4 13.8 141.0 78.1 50.5 57.2 16.2 V 578.8
51 40.9 17.9 12.6 10.0 38.3 159.9 155.8 324.4 360.0 193.3 129.5 77.3 1,520.6
52 59.1 47.5 28.9 44.6 58.7 139.9 137.5 107.0 210.8 131.0 116.8 71.6 1,153.4
53 30.8 29.9 30.2 28.7 88.2 90.5 86.0 91,6 78.9 36.5 20.4 8.9 620.6
54 8.7 11.6 7.7 4.0 17.7 11.8 15.8 19.2 43.7 4.8 98.9 21.0 264.9

1955 33.1 15.4 32.8 10.9 24.:0 336.8 44.3 22.4 . 23.8 33.5 4.8 4.8 346.6
56 3.5 4.1 2.5 3.2 2.1 6.8 4.3 11.1 5.9 42.2 36.1 38.6 160.4
57 8.8 14.2 6.6 3.1 9.4 11.9 24.2 '42.2 1747 25.7 11.5 19.0 351.3
58 17.8 26.0 27.5 18.9 57.7 68.7 36.1 23.0 16.4 289.2 122.2 136.8 840.3
59 36,7 23.7 14.9 11.0 48.5 98.4 64.2 274.1 141.4 75.3 62.8 30.2 881.2

1960 32.2 23.8 25.3 32.5 34.0 140.9 274.0 133.4 91.3 85.2 113.0 80.8 1.066.4
61 46.4 37.5 30.2 19.8 49.2 185.3 120.7 75.7 99.0 56.5 49.4 59.4 829.1
62 701 69.5 51.8 55.0 90.1 262.0 134.5 191.5 213.1 88.3 43.2 45.0 1.314.1

31.3 25.0 21.5 20.0 34.0 171.9 35.6 52.6 26.1 14.7 18.0 23.8 474.5

1965
66
67
68 _____

69
1970

20.. 05s.9 60.5 81,6. 1-24.3 64.3 " 54,8 39.1 677.3

I) 1i1n', 'w,.Ia 2,,06 .S. 111L I tS(;S Sia. No. 8 100
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MISSOURI RIVER MAIN STEM RESERVOIR The zone is then filled, to the extent inflows permit, in
REGULATION the March to -July high-water season and then drawn

down for multiple purposes during the low-flow season

Genmal which extends from late summer through winter.

The Missouri River main stem reservoirs have been Cairyover Multiple-Use Zone- This zone of 41,160;000
operating as a system for about 15 years. During this acre-feet, 55% of the total storage, provides a reserve of
period the reservoirs have filled to normal operating multiple-use storage for serving navigation, power, irriga-
levels while providing s,!rvice to four primary and several tion, and other conservation functions during prolonged
secondary purposes. In serving these functions the low-flow periods of up to several years duration. In
system has completely regulated the flow of the Missouri event of a recurrence-of an extended drought period
River from FortPeck, Mont., to Yankton, S. Dak.; has such as the 1930's, it would be necessary to empty this
markedly affected streamflows on the lower Missouri storage zone to maintain a satisfactory level of service to
River, and,, to a lesser degree, on the Mississippi River. all functions.
The actual-,operation, during a major portion of this
period, has been atypical, since the reservoirswere in the Inactive Zone- This zone provides an assured minimum
process of filling. In addition, during the 1954-1962 pool level for power, irrigation pump diversions, recre-
interval, reservoir inflows were generally well below ation, fish and wildlife purposes, and provides storage
normal. capacity for sediment accumulation. It contains

17,640,000 acre-feet, 24% of the total.

The Main Stem Reservoir System
General Criteria for System Regulation

The six Missouri River main stem dams are located in
the reach from just above Yankton, S. Dak.,'to Glasgow, In the planning :f&r, and the operation of, the main
Mont., as shown on plate 17. The dams are earth fill stem reservoirs, the general,. :iteria and procedures have
with appropriately sized outlet works, spillways and been:
power installations. The spillways have discharge capa-
bilities ranging from 250,000 to 827,000 cfs and the a. To maintain adequate seasonal and year.around
outlet works have discharge capabilities ranging from storage capacity available for flood control on the
zero (at Big Bend and Gavins Point) to 128,000 cfs at Missouri River.
Fort Randall. Hydropower installations range in size b. To provide the water requirements of irrigation
from 100,000 kw to 595,000 kw, totaling from flows before regulation of the remaining
2,048,000 kw. Pertinent engineering data for the indi- water available to supply other purposes.
vidual projects, andthe system. are given on table 18. c. To pattern the releases from the lower end of the

The reservoirs contain an aggregate storage space of main stem system to supply the varying seasonal
75,240,000 acre-feet, somewhat greater tian three times requirements of water quality control, and naviga.
the average annual flow of the Missouri River at. the tion which provides adequate water levels for
lowermost dam. Functionally, the main stem reservoirs municipal water intakes.
and powerplants operate as a hydraulically and electri- d. With internal adjustments in the system and
cally integrated system. All reservoirs except Big Bend moderate adjustments in outflow from the system,
have the storage divided into four zones, as listed in to sustain the highest system power output con-
table 18 and described below. sistent with the other primary functions of flood

control, irrigation, and navigation.
Exclusire Flood Control Zone- The too zone of
4,840,000 acre-feet, 617 of the total storage, is reserved Flood control operations of the main stem reservoirs
exclusively for flood control. Impoundments in this are aimed at controlling floods on reaches of the
zone are evacuated as soon as downstream conditions Missouri River between reservoirs, and minimizing flood
permit. in the interest of having space available to damages from Gavins Point Dam, downstream to the
,.),trol future floods, should they occur. mouth of the Missouri River. The main stem reservoirs

are operated in conjunction with many tributary reser-
Annual Flood Control and Multiple-Use Zone- This voirs and the lower river levees and -local protection
zone, which lies immediately below the Exclusive Flood systems for control of floods on the Missouri River.
Control zone. contains 11,600,000 acre-feet, 15% of the The principal ficticas of the main stem reservoirs in
total storage space. Reservoir regulation criteria are serving irrigation are to provide water from storage
designed to enpty this zone by I March of each year. during periods of deficient flows, to reduce diversion
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Table 18 - SUMMARY OF ENGINEERING D4iTA - MISSOURI RIVER MAIN STEM RESERVOIRS

lIEN SIJICT FIRT lCK GoIN WV50.

Location of oa 6e5r Glasgo.. Montana tear Garrisone a. Oak. vear Pierre- s. oak.
z hivpr lle 1960 ,ileage Nile 171.5 ile 1)69.9 Nile 1072.3
3 Total 4 ienrrtentol Dra;naof 51.500 161,00 (2) 123.900 243.a90 () 62.090

4 reas. s.2re le
SapprolmAt' length Of full 1)4. ending ner Zortnman, Port. 17S. ending ,ear Trenton. 0. 0. 23I.-ending hear liswrck, a.peseryoi' ('k. Valley W.I-e)

5 $horellro - k, $,) 1520 (a). J234) 1)40 (It. 1831.1) 2260 (61. 5Ism.s)

6 A.'ralle total A 1.19" tl 9.900 ;s:2OO 16.300 20.400 3.200
:,no. in cf'

1 Max. Osicaarqe of Record near 137.000 (1--- les) P4e.000 (April 1952) 640.000 (April asi)
Oansite in Cf.

a Construction started - Cal. yr. 19)3 19 4 1;44
9 in operat ion (4) Cal. yr. 1914. 1915 1162

.Awll NIAUNITo
10 Top of Lan.- lev. It. -$1 220.5 1075 1660
.1 Length of oa in feet 2L.026 (..Uid6..a *eilisa¥i 11.UO (1 .l2.454 *DSJI..v) 4,)00 (4*05.4464 *pIlnay3

S2 0aming "eitrt. feet (s) 220 I0 200
.3 he Mot 4ele. feet (S) 250.5 202 245

14 MIX. ease aioth. total A ./0 3500:2700 )400:205C 3500.1500
verms. feet

15 At-tn.0nt Format ions (u,41., . Searpaw shain And Gtacial Till Fort Union Clay-Shale Pierre shale

16 7ype of fill nydraulic A rolled earth fill Rolled earth fill lolled earth fill 4 shale terms
17 Fill Quint it. Ou. yds. 126.420.000 665.00.000 $5.000.000 A 37.000.000

v0 Volume of concrete (c. iy'.) 1.200.000 1.500.000 1.046.00019 DOte of closure 24 June 1937 1 April 1951 ) august 190-

SPILLWAT DATA
20 Lo:atlon Right O3S - remote Left bank - adjacent tight bank - remote
21 CreSt Elevation, r0l 2225 1825 IS96.6
22 Afdtf (,..oId s p....) in feet 020 gated 1336 qated %54 gated
23 N0., ize ol Typ Of Gates 16-40-x25- Nertical Lift Gates 28-00-291 13inter 6-50'23.51' Tainter
21 Oesilr OisC¢arg( Capacity. cfs 271.000 it elev. 2213.3 427.000 at elev. 185'.5 J04.000 at eltc. 64..
25 oiOChrqe Capacity a' naxin.n 230.000 660,000 00.000

Cperatinq POol. cfr

I(5(IVOIN DATA (6)
26 max. OperatinI Pool El,. a Arc) 22$0 MSt 247.000 a¢cres 105 ASl 3$2.000 acres 1620 ms )7,000 acres
27 may. hor. Oe.. Pool Elev.4 Area 2246 s)l 2)9.000 acre, 1850 msl 368.000acres 1617 msl )0.000 acres
.0 0sne flood Conrol Ctay. A Area 22)4 .ol 215.000 acref 1037.5 ms) 323.000 acres 1607. msil 31).000 acres
29 "i'. O Pfo. PoOl tlev. 6 Area 2160 mnl 93.000 arit 1775 ml 129.000 acres 15140 NSI 119,000 acres

Storare allocation, EI-y. & CaP.
30 (xtclusve Floow cotr i 2250-2246 1."00.000 s.. 1854-1950 1.$00.000 a.f.(:li 1620-1417 1.100.000 a.f.
1 Flood Control A Maltiplo use 2246-2234 2.700.000 a.f. 1650-10)7.6 4.300.000 a.f (31) 1617-1607.5 ).200.000 a.f.
3Z Carryover multiple use 2234-2160 11.100.000 3.1. 1037.5-1775 13.600.000 a.f.(5jI 107.5-1540 13.000.000 s.f.
3) Inactive '160-2030 4.300.000 a.f. 1775-1w7) $.000.000 a.f. 1540-1415 5.500.000 A.f.
.4 Gross 2250-2030 19.100.000 a.f. :654-1673 24 .40.000 a.0.41*) 1620-1415 23.600.000 A.f.
35 Reservoir tilling lih' iated November 1937 Oecember 19si August 1956
30. Initially reacted Mir. ope, Pool 27 may 1g42 7 August 1955 3-april 1962
37 Est. Annual Sedient 10ifle0 17.600 a.f. 38.100 A.f. 32.300 a.f.

OUTLET WORKS DATA

3$ Location Q1qdt bank Right tnk Rignt bank
39 houmbr ar0 010o O onui'aiM 2-24' dia. (No' 3 a 4) 1-26, dia. and 2-22' dis. 6-19.76' dia. uOstream: 10.25'

Oh., downstrean

40 tenoth of coravits in feet (0) NO, )-4.W6. No. 4-7.240 1529 3496 to 3659
.1 No.. size and type of service 1-26, did. 0 lrtirricl o2te 1-1,12,.1'. taunter gate per 1-1 'oz2 per conult, vertical

gatet 6 por's 7.6'x6.' rn6 (e. OndUt for f ine regulation lift: 6 cabe suspension a00
4tpenid4) in each control sfaft 2 hydraul Oi .epnSion ( fn*

-2 entrance Invert Elevaficn 209 1671.9 1425

43 Avg. Discharge Cap. per conduit (lev. 2210.22.500 CfS-45.000 cfs (ly. 106.32.700 cfs-9$.OOOCf$ Elev. 1620,10.$00€S-111.000Cfls
A total

4u Present 1311.aar 0lev. resIt 20))-2037 10.000-2$.000 CfS 167-1661 21.000-60.000 cf: 1424-1426 26.000-50.000 cfs

POW[* FACILITIS AND DATA

65 AV. Gross f0e0 5vaila211 ii feet 201 1$4 Iis
46 %.noer an ;,ye f conduits 4o. 1-2A'8 di.; No. 2.22's-dia 5.29' 0,0. 241 penstocks 7-24' die.. nedded penstocks
41 lvngth Of conduits in feet (a) h0. 1-$1,13: NO, 2-0 .35 1.'29 From 3.200 to 4.005

.4 Surge TanS P481i 3-0 0' 0i.: PM82i 2-1'0di 6' 5ia,, 2 per penstock 70' dia., 2 per penstock

.9 NO., type a4n !peeq 0f turbitiO $.francin. flOI-2-126.S. 5-Fracins. 90 rpm 7-Francis. 100 rpst
1-10. 'rpm P402-2-126.6 rpm

60 O;Ach, cap, % At1el Hesd-cfs PHI units 1&3 120'. 2-1.0' 100' 37.000 cfs 1i56 5).200 cfs
7.600 cfs, Pi2-2-tlo-7200cfS

51 &vrerator atinji. k. 2-)6.000: l-11.000; 2-40,000 00.000 01000
.2 Pl)nt capacity, .. 16.000 400.001 56,000
51 Oepend5Ole tCaoaito. Iv (n) 160,000 30.000 512,000
0 tnveta7C rnerqy . Milllon knh 960 1.816 2.)02

5s lrit aa) GVn.. Aul m tt Vt1 4.1y 1943 - 4U0 :491 January 1916 - October 1960 April 1962 - June 1963

REMARKS
(1) lnclud6, 4,2:0 square 1#les of non (4) sforde first availabei for (0) #en*d on co-pieted syst. and

rontfrilurion *to., re61l,0o0 of Float Ibest Available $$*ret data

(2) Includes I.J320 quake nIl). of non. (j) Do.-.ini height is height fto. Io- (7) Riovt e.ulltgon Is .froantd by
ionftrlnuing off.* "atot fo ni... Operalnd Poof file ever Io.-retn d spill.y

(3).lth pool af biae of flood qnftrol. Macinn. brigt it ito. &oVreno and 04,0u4 lufifnte*Ireao4,d tO fop OF don
CoPrp of Engifteers. U.S. Army o

Conoiled by Missouri River Division
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Tabe 18 (CUntinued)

114 ND FP SmALL GAVIN POINT TOTAL

21 m. iapstream Chaaerlain.S.m pear lake Asies, s. Oak Bair Yionton. S. Dk. I
mile to?.& Mile 04".0 Nile sli.i
V.?, 0 (t), 5.040 263.4"1 (8) 14.150 219.4go (S) 16.000 3

so., erw--t near Pierre. S. 0. 107. ending at gig slendI Dom 25, ending) rear hiooerara, aetir. ;is miles Is

200 (Ji1.4*) ? ) to (St. fzos) 5.940 miles 5
iq.0 1.100 31.400 1.900 0

4"0.0"41 (4pritJ lost) 447,000 (April spot) 440.000 (April ##$1) 7

199 1999 1912
1,9 -113 1911 9

144O 13" t2)4 40

iO YO~ roecalio. *plll.Mv) 10.700 (..iAllaos Olilloor) 9.700 (-tmlt-d el ti/o,,) 71.594 feet 1
i1 10 as t63 feet 12
91 165 74 1)
1200;700 43 0:1250 10:4510 1a

Pierre shale & aioorara Chali. Niobrara Chalk sitorara Chalk C l le Shale 1s

*oled earth, shale, chalk fi Rolled earth fill i chalk berms Rolled earth a chalk f;I 16
17.000.000 21.000.000 A 22.000,000 7.00.000 350,128.000 Cu. yds. 17
540.000 961.000 30e.000 5.S4.000 cu. yds. to
29 July 196) 20 Julye1912 )lJuly 1955 19

Left WINh - adjacent Left bank - adjacnt Right bank - cdjacent 20
1)65 1,06 100 21
)76 ged 1000 gated 66 gated 2

*-40'x)' Tainter 21-4Ox291 TItalit 14a-4exol' rainter 23
390.9e at 01ty. 1933.6 0I0090 at Tley. 1379.3 See.e0 at elev. 1221.t ±9

2)2,00i 109.000 345.000 2

192) msl 60,000 acire 1375 ms 102.000 acres 1210 mil )3,000 acres t.200.000 acres Z6
1020 ISl 5,000 acres 1365 sal 91.000 acres 1208 ml )0,000 acres 1.16.010 acres 27
1e20 %fl 16.000 acres 13o Ntl $0.000 acres 1209.5 osl 26,000 acres 1.01).000 acres 20
1e15 Nol 99.000 acres 1)10 met 36.000 acres 119 1S" 16.000 acres 112.000 acres 29

142)-142O 175.000 alf. 1375-1365 1.000,000 A.f. 1210-1200 65.000 a.l. ,.e0,O000 a.f. 30

0 1)3$-130O t.300.000 A.f. 120l-1209.5 100.000 a.f. 11,60,000 a.f.

1420-14115 260.000 .f. 150-1)10 2.200.000 A.f. 1209.5-1191 200.000 A.f. 41,140,000 a.f. 32
1415-1)41 1.41.000 A.f. 1310-1210 1,200,000 Wf. 1195-1160 175.000 a.f. 17.600.000 a.f. 33
1423-3345 1,900,000 4.f. 137S-1240 5.700.000 aW. 1210-1160 $50.000 a.f. 75.Z40.000 s.f. 3
ovesfer 1963 January 191) AuguSt 19155 35
21 March 19g 29 fOvecler 195) 22 December 1955 36
9,900 a,?, 140600 9.?. 2.500 if. 11.,00 a.f. 37

Left bank 30
None (pj 4-22

° 
diameter Non# (1) 39

1013 40
2-1'1xi)' per conduit1 . vert ical 41
lift, cable suspensiron, also
sac vert. lift fine rejolal-
$ng gate at ds. 

$1d of

tunnel 130

1)85 (II) 122t 1190 11j) 42
Elev. t37$..00ocfs-129,OOOcfS

1351-15Z (13) 2,000-50.00cfs ll1-10)9 25.000-50.000 cts IS6,-1164 30;000-50,000 cfs 44

69 1Ito 7 770 feet 5
None; direct intake S-209 0;&., 22' penstocks None; direct irt1ae 46

1,014 5.00) feet .7
59-9 19

° 
die. 2 per alternate pen- sore

stlock
b-fused Slade, 11.l rpm $-Francis, $1.1 rpm J-Kaplan. 75 rm 30 unit% 49

617 10.000 cta 112, 41,100 cfs WI )3.300 cfs $0

$18,00 40.000 33,333 5t
446.000 320.000 100.000 2.08,000 * $2
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pumping heads, and to provide flow regulation to offset in conjunction with Fort Peck Reservoir. The degree of
the depleting effects of upstream tributary irrigation hydraulic and electrical integration ofsystem operations
piojects on the water supply available for lower river gradually increased as additional reservoir space was
use. Actual-operation of the reservoirs as far as irrigation provided, as power units catne into service, and as
service is concerned piincipally involves maintaining storage levels in individual reservoirs increased. Regula.
adequate pool levels and river flow rates to supply the tion during this period was not typical of what may be
irrigation pumping stations during the growing season, expected in tile future due to the occurrence of an

Operation of the main stem reservoir system for abtoormal 8-year drought period. the requirement for
navigation involves releasing water from the lowermost filling approximately 45 million acre-fee- of storage
reservoirs of the systn at sufficient rates for mainte- space. the ever-changing nature of the storage -,pace to
nance of adequate channel depths in the 730-nile, be filled. the increasing numbers of power units in
open-channel. Missouri River navigation project between service, and tile delay in development of irrigation
Sioux City and the mouth of the Missouri during the diversions front the reservoirs.
navigation Neason. Ice conditions normally limit naviga- During the interim period until the reservoirs were
tion releases to an 8-nonth season. from late March to finally filled to normal operating lev2ls in 1967. service
late November In future years, some reduction in length to power and to navigation was below normal. Naviga.
of navigation seasons will be necessary occasionally in lion seasons were generally shorter than the normal
series of critically low flow years. Releases during tile 8 months and firm power contracts were enteied into it
non-navigation season are made to maintain satisfactory a somewhat slower rate than would have been desirable.
water quality in the river, although these releases are Full service was provided to flood control during the
ubstantially lower than those needed for navigation, initial fill period, since storage available for filling

Itydroelectric power is proluced by making essen- generally greatly exceeded the storage allocated to flood
tially all releases through the powerplants, with the control and releases were at reduced levels in the interest
releases at the various projects being specially nro- of filling storage. The reservoits have fulfilled only a
giammed t'oi maximum power consistent with tile other small portion of their irrigation function since the
major functions. For example. during the non-navigation proposed large Federal projects have not been placed in
season when energy generation is lower at the down. operation, however, private irrigatots are accomplishing
suteam powerplants, due to seasonally lower water some irrigation by pumping from the river and ieser-
releases frotn the system. the upstream plants are voirs. Recteational usage of tile reservoirs has increased
operated at high load factors and the downstream plants each year :,nd numerous special operations of individual
ale opetated at low load factors, except for Gavins reservoits have been undertaken to enhance fish and
Point, Winter releases from the upstream plants which wildlife developments. The accomlplishments of tie main
tire excess to lower river water requirements are mostly stem reseivoir system during tile interim period of'initial
recaptured in Oahe and Fort Randall, and saved to serve fill are summarized in table 19.
the lower liver in the ensuing navigation season.

Although the service iequirements foi tile various Regulation of the System Under 1970
individual functions are not completely compatible, the Development Conditions
amount of storage capacity provided and the flexibility
available from complete integration of tile six projects In order to evaluate tile effects of the filled resetvoii
into a multiple-purpose system operation. provide for sysiem during a long period of hydrologic record, a
excellent service for all main f',t'ions. This integrated o
multiple-purpose operation of the Missouri River main lior the period 1898-1968. This study demonstrates tdle

stei reservoirs for the iprincipal purposes of flood srvice that cotld be provided, and the d(own stleam

control. irrigation, navigation, water quality, and power effects theteof. utiliig inows tlhe system md to

generation also provides ample flows for mnicipal water downstream reaches afler depletion of streailllows by

upp ly and provides quite well for fish and wildlife and 1970-level projects. This 1970-level regulatimn study of
recreation activities. Also, special opeiations which make the main stem reservoirs was based on the following
tie reseivoifis even more attractive for these latter conilitions and objectives-
purposes call oflten be worked into tie over-all system
operation progtam. a. I istorical streamflow, as obtained largely fiout

USGS iecords, but thilizing estimates during some
periods for which records ate unavailable.

Historic Regulation of the System b. Streanflow depletions for the 1970-level of (ide
velopme nt, essentially in accoldlance \,ilh the

To a degiee. system regulations bega't in 1953 when average annual dei)letiois listed in table 1 , except
iort Randall ain( Garrison eseivoirs wete Ilu st egulaled at\ discussed below.
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Tabe 19 -ACCOMPLISHMENTS OF MISSOURI RIVER MAIN STEM RESERVOIR SYSTEM

Actual Actual Poe Gen ______ ____ ______ Fiscal
Adjustedi Flow System ITitYew Recreational

Calendar Sioux Sioux at End Gross Homndy Yew Season Levels Commercial Damags Of
Yew City _ it of Year Enn Pak Revenue Le5h 1 .06 Tonnam Prevented Reservoirs

(MAF) (MAF) (MAF) (Bilion (NW) (S MilOn) (Monlks) (cf52) (Million (S Million) (Million
KWH) Tons) Visitor Days)

1953 25.4 22.8 14.2 0.6 984 2.04 7 25-31-35 0.2 10.7 0.64
54 19.1 17.3 14.6 0.8 1964 2.34 7 25-31-35 0.3 0.0 1.14
55 16.1 16.1 13.6 1.4 2984 4.34 6-1/2 25-31-35 0.4 0.0 1.2
56 19.1 16.8 14.0 2.3 435 5.74 7 25-31-35 0.3 0.7 1.6
57 21.8 14.4 20.0 3.0 666 8.9 6 25-31-35 0.3 8.2 2.1
58 16.6 14.6 20.9 3.6 669 11.5 7 25-31-35 0.6 0.0 2.4
59 20.1 14.8 24.4 3.8 723 12.4 7 25-31-35 0.8 10.2 2.8

1960 20.1 16.0 26.8 3.4 736 12.3 7-3/4 25-31-35 1.4 95.2 2.7
61 12.2 13.5 23.9 3.9 844 13.7 6-1/2 25-31-35 1.6 1.6 3.2
62 30.3 16.3 35.2 3.9 849 15.1 8 25-31.35 2.2 15.0 3.5
63 20.1 15,6 37.7 5.5 1266 17.6 8 25-31-35 2.3 10.9 3.2
64 I23.7 16.0 43.1 6.2 1306 22.0 8 25-31-35 2.6 41.7 3.9
65 I32.3 17.1 55.0 8.5 1622 26.2 8 28-34-38 2.3 354 4.4
66 I19.1 19.7 51.7 8.6 1754 31.5 8 28-34-38 2.6 46.5 4.9
67 30.83 19.4 58.9 9.7 1922 32.1 8 31-3741 2.6 23&~8 6.6

61j240 20.43 94 1. 2001 37.0 8-1/3 31-37-41 2.3 8. 1 7.1

Adjusted to 1950 level of basin development2Entry denotes trrget flow levels at Sioux City-Omaha. Nebraska City. and Kansas City, in 1,000 eft. 'I hus,,25-31-35 indicates
target flows of 25,000 cf% at Sioux City and/or Omaha. 31.000 ets at Nebraska City. and 35.000 cfs at Kansas; City. From 1965
through 1968 the target levels represent the general level of Nervice provided.3 Based on preliminary data.4 1istimated.

c. The loss of main stemn reservoir storage by sedi- 9. Kansas City, Mo.
mientation at the current level (June 1969). 10. Boonville, Mo.

d. Maintenance of itlinimium releases to meet down- If. Hermanni, Mo.
stream requirements for water quality control and Historical monthly inflows to each of tlte Missouri
water supply. River reaches defined above were obtained from USGS

e. T'he maintenance of the highest navigation stream- records and USGS estimates (Water Adequacy Reports
flow rates at downstream control points as prac- and GS Circular 108 dated March~ 1951). These weie
tical with the available water supply. supplemented by Corps of lingineers' records at the

f. Mlaintenance of an adequate reserve of storage main stemn reservoirs and estimates for some periods at
sp~ace in each reservoir to permit controlling of particular locations where USGS data were not available.
inflows to inimfiize damages during downstream These estimates were developed to be consistent witht
flood situations. the USGS data available at upstream and downstream

g. Maintenance of release rates fromn each reservoir stations.
for maximium power generation consistent with These historical inflows represent flows during a
the other purposes stated herein, changing level of' water resource development. During

In order to conduct the study and evaluate the effects the early years of the 1898-1968 recoid p~eriod con-
of reservoir regulations, thie Missouri River was divided sidered, water resource developments weine few and
into0 specific reaches, defined by the main stemi reservoirs depletions to the water supply were nominal or non-
and Missouri River niavigation control points. below the existent. However, in the later years of the period, water
system. These reach boundaries are defined by the resource developments and resuilting sticamflow (leple-
following specific locations: tiolis were essentially eqlual to those present at the

I.Fort Peck Dami l970.level of development. In order to piovide a1
2. Garrison Daiin consistent sedeis of monthly flow jecoids rot thie
3. Oahe Damn 1970-level, it was necessary to adjust the historical flows
4. Fort Randall IDam to represent flows that would have occutrred had the
5. Gavins point Damn 1970-level projects been in full operat iont fi thte entire

-6. Sioux City, Iowa period,. 1898- 1968. Since iuativ of the adjtistineuts were
7. Omialha. Nebr. thie ave rage value for a part icu hir mlonth f'oi(the enitine
8. Nebrask:t City. Nebr. period, it was necessary to mlodify thle adjttstinlent', to



recognize the variation in water supply from year to Storage space has-been provided in certain USBR
year. This was accomplished by means of abbreviated tributary reservoirs which will be regulated to replace
reservoir regulation studies for each reach which con- annual flood control and multiple-use space in the main
sidered several factors. stem system. With this space available, it is possible to

a. Amount of multiple-purpose reservoir storage in regulate individual main stem reservoirs at a higher level

the reach in 1970 (exclusive of flood control when an adequate water supply is available with no

storage and inactive storage). adverse effects on the system's flood control function. It

b. Maintenance of specified minimum flows for water was assumed in this study that 1.200,000 acre-feet of

quality control and water supply. replacement storage space would be available in the year

c. Limitations on the maximum percentage of the 1970, located primarily in Canyon Ferry and Tiber

reach inflow that could be depleted each month. reservoirs. The availability of this replacement storage

This abbreviated study resulted in a series of monthly space effectively increases the system storage at the base

depletion estimates, or streamflow adjustments, which of the annual flood control and multiple-use zone by a

averaged essentially the same as the average annual corresponding amount or, under the 1970 conditions.

values listed in table 16, but varied month by month from 58,800,000 acre-feet to 60,000.000 acre-feet.

during the 1898-1968 period, depending on water The nameplate ratings of power installations at each

supply and the above factors. plant as used in this study were as follow:
Fort Peck 165,000 kw

The 1970-level main stem reservoir regulation study Garrison 4000 kw

was conducted several years after initiation of the 1970- Gahe 595,000 kw

level depletion study and after the Resources Develop- Big Bend 468,000 kw

ment Work Group has rescheduled, based on later Fort Randall 320.000 kw

information, several of the projects. In order that the Gavins Point 100,000 kw

Missouri River main stern reservoir regulation study 100,000 kw

would be reasonably consistent with the project schedule TOTAL 2,048,000 kw

envisioned by the Resources Development Work Group, The maximum peaking capabilities of the powerplants
several adjustments in the timing of the previously were limited to the greater of either (a) the maximum

assumed project developments were made. This involved which has been actually experienced, or (b) 107.5

transferring the Garrison Diversion Initial Unit, Mid- percent of the nameplate capacity, with the exception of
State Division, North Loup Division, and Narrows Unit Big Bend and Gavins Point. At Big Bend, a maximum
from the 1970 development level to the 1980 develop- capability of 115 percent of nameplate was assumed,

ment level. Depletions by the other reservoir projects while at Gavins Point the nameplate capacity was
which the Resources Development Work Group re- considered the maximum. Actual maximums assumed at
scheduled from 1970 to 1980 were relatively minor each plant were as follow:
(reservoir evaporation only) and rescheduling of these Fort Peck 205 megawatts
projects was ignored for purposes of conducting the Garrison 460 megawatts
1970 reservoir regulation study. Oahe 660 megawatts

Monthly evaporation rates for the main stem reser- Big Bend 538 megawatts
voirs were obtained from the working paper on Evapo. Fort Randall 360 megawatts
ration by the Work Group on Hydrologic Analyses and Gavins Point 100 megawatts
Projections. The selected annual net evaporation (lake TOTAL 2,323 megawatts
evaporation plus runoff minus precipitation) depths for Maximum permissible mean daily release rates used for
normal climatic periods are as follows: this study, on the basis of present information on

Fort Peck 27.5 inches non-damaging downstream channel capacities, were as
Garrison 20.0 inches follow:
Oahe 20.0 inches Op aien Mean CFS During
Big Bend 19.5 inches Open Water ice Cwcr
Fort Randall 19.0 inches Fort Peck 25.000 12,500

Gavins Poini 18.0 inches Garrison 75,000 30,000
Oahe 100.000 Powerplant

For the extreme drought period of 1930-1941, detailed Capacity

estimates of evaporation were made, ':onsidering wind Capat

velocity, humidity, temperature, and precipitation data Big Bend 100,000 Powerplant

actually observed in the vicinity of' the reservoir areas Fort Randall 100,000 15000

during (he drought period, Monthly distribution of the Gavins Point 00,000*
annual evaporation was based on an analysis of available
reservoir surface temperature and piecipitalion data. *15,000 cfs from Fort Randall plus intervening inflow.

86

IJ



No limitations were placed on daily powerplant peaking Nebraska City and Kansas City. The main stem reservoirs
operations as a result of ice cover conditions, except at are currently being regulated to provide these increased
Gavins Point. Gavins Point peaking was limited to not flow levels at these locations and the 1970-level regula-
more than 40 percent departure from the mean release or tion study assumes the requirement will continue. As
to 66 megawatts, whichever is greater, in order to avoid yet, no flow increase other than that which naturally
objectionable surge downstream. Minimumpermissible occurs has been established for points below Kansas
mean daily release rates, selected for this study largely City. The 1970-level main stem reservoir regulation
on the basis of water intake and power peaking study utilized navigation flow rates of 25,000 to 31,000
requirements, were as follow: cfs at Sioux City and Omaha, 27,000 to 37,000 cfs at

Fort Peck 3,000 cfs Nebraska City, and 31,000 to 41,000 cfs at Kansas City,
Garrison 6,000 cfs depending on the status of storage in the main stem
Oahe 6,000 cfs reservoirs. Flows above these levels would benefit
Big Bend 6,000 cfs navigation by minimizing dredging and permitting
Fort Randall 3,000 cfs greater loading depths. Regulation experience has also
Gavins Point 3,000 cfs indicated that only a portion of the runoff which

At all reservoirs above Fort Randall, selected minimum originates in the respective reaches below Gavins Point
releases in the study were more than adequate to meet Dam can be effectively used in meeting downstream
estimated water quality requirements in the affected target flows; this factor was considered in the studies.
downstream reaches. During the navigation season, the Any deficiencies in the reach inflows below the required
required releases from Fort Randall and Gavins Point target increments must be supplied by reservoir releases.
were well in excess of those required for such purposes. The level of navigation flows to be maintained,
During the non-navigation season, releases from Fort between the minimums and the assumed maximum
'Randall in excess of the selected minimum were sched- beneficial rates, was assumed to be a function of system
uled when necessary to maintain the variable minimum storage on I March and on I July. Selected criteria
water quality control requirements at Sioux City, allowed an increase or decrease in rates at these times.
Omaha, or Kansas City, whichever was controlling at the The length of the navigation season was established on
time. The maximum water quality control flow require- the basis of total system storage at the end of each
ments utilized were 3,000 cfs at Sioux City, 7,500 cfs at month during the period, March through June. Any
Omaha, and 9,000 cfs at Kansas City. Maximum required shortening of the season was made at the end of
rcquirements would be applicable for the summer the season. In this manner, the season would always
months, June through September. During the winter open on I April at the mouth of the Missouri River, but
period. December through February and the month of could be shortened to close before the 8-month.
May, requirements were 60 percent of the maximum and I December date. Shortening of the season, when
during the remainder of the year 45 percent of the maxi- necessary, was made by quarter-month increments. Flow
mum. These requirements were established by considera- levels during shortened seasons were always at the
tion of current sewage treatment practices along the established minimums.
river and maintenance of satisfactory dissolved oxygen Additional rules relating to the length of the naviga-
levels in the river and provide an interim level of water tion season which were incorporated in the criteria were
quality control. Projected requirements for the 1980, as follow:
2000, and 2020 levels of development differ from those a. At least I month's notice must be provided before
used in the 1970 study and should not be considered to the navigation season is lengthened. For example,
be a demand in lieu of providing effluent treatment which if indications on 30 June are that the navigation
will meet tie staiOards established for all water users. releases should end on 31 July, the season will not

The authorizeu V-foot deep by 300-foot wide naviga- be extended beyond 31 July, even though storage
tion channel on the Missouri River from Sioux City to on this latter date would indicate an extension was
the mouth is still under construction. Until this con. possible.
structiot is completed and sufficient time elapses for tie' b. At least 2 month's notice must be provided before
river to complete the work of forming the navigation the navigation season is shortened. For example,
channel, the exact magnitude of flows required for if, on 30 April, the table indicates that navigation
satistactory navigation cannot be determined. Operating releases should end on 31 July, the season will not
experience to date has indicated that increased flow be shortened prior to this date on the basis of
levels are required to maintain similar Wading depths as storage on 31 May,
one progresses downstream in the navigation project. c. An exception to previously stated criteria con-
While no increase appears necessary between Sioux City cerning tie ending date of' tie navigation season
and Omaha, the increase amounts to (,000 cfs between was that, if inflows and storage balance among tie
Omaha and Nebraska City ,nd 4,000 cfs between projects were such that the maintenance of a
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navigation season length of less than 8 months defined as the succeeding I March storage level which
required system releases in excess of the minimum would occur with the current navigation level provided
navigation level, the season was lengthened to the subsequent inflows to the system were normal. The
extent necessary to restore the required storage maximum system target was represented by storage at
balance while maintaining minimum navigation the base of the annual flood control and multiple-use
flows. space. Targets at Big Bend, Fort Randall, and Gavin;

The selected maximum releases for all projects above Point were always at the base of their annuid flood
Gavins Point were assumed to provide effective flood control and multiple-use space. Storage targets at the
control regulation through their immediate downstream other projects were related tocthe system target. Targets
reaches. At Gavins Point, the flood control function of were computed at the beginning of each monthly time
the system was recognized by limiting releases through- period through the study and the difference between the
out the entire record period to the levels which were actual storage and the target sotrage was used for
considered necessary for flood control purposes. During scheduling releases above selected minimum values from
the navigation season, this flood potential was defined the projects. During all years with, 8-month navigation
by the antecedent precipitation index (API). For study seasons, winter releases from both Fort Peck and
purposes. this potential was converted into limiting Garrison were limited to 12,500 cfs and 30,000 cfs,
flows at Sioux City, month by month, through the respectively. These are the maximum winter releases that
entire period of record. can assuredly be made under ice, although actual

Prior to I August, system releases in excess of those operations in some years have demonstrated that releases
assumed to provide the maximum beneficial service to approaching poweeplant capacity from both projects are
the navigation function were made only after it became possible for extended periods under stable ice conditions
apparent that sufficient storage had been accumulated in without causing flooding. With less than 8-month navig.
the annual flood control and multiple-use zone of the ation seasons, winter releases from these two projects
system to satisfy all conservation requirements to the (above established minimums) were based on assumed
succeeding I March. After I August, system releases in power requirements. As a further means of increasing
excess of those needed for navigation were madeonly the winter power generation, the Fort Randall pool was
when they appeared necessary to evacuate the annual drawn down to elevation 1320, some 30 feet below its
flood control and multiple-use storage space prior to the normal level, starting 3 months before the end of the
succeeding I March. During the ,non-navigation season navigation season. Its refill 'during the winter months
system releases were a function of system storage at the allowed greater releases and corresponding generation
end of the navigation season during all years that an from the upstream projects than would have been
8-month season was provided. T:-_' ,criteria resulted in possible if the drawdown had not occurred.
non-navigation releases froail Fort Randall approxi- The generation of energy also affected the rate at
mating 20,000 efs less than average flows maintained at which releases were made from 9pecific projects other
Sioux City during the preceding navigation season. Since than Fort Randall and Gavins Point. Energy require-
average navigation flow levels at Sioux City ranged from ments could increase the level of powerplant releases at
25,000 to 35,000 cfs. non-navigation season flows at any of the upstream projects, subject to flow restrictions
Sioux City following an 8-month navigation season under ice. Specific energy targets for each period
ranged between 5,000 and 15,000 cfs. If it was necessary examined were developed from seasonal load curves
to reduce the length of the navigation season to less than furnished by the Bureau of Reclamation, these targets
8 months, subsequent not6i-avigation season releases being dependent on the navigation flow level being
from Fort Randall were 3,000 cfs unless higher releases maintawned and, when a season of less than 8 months
were required to supply water quality control occurred or was anticipated, the targets were dependent
requirements. Gavins Point passed the Fort Randall on the length of the navigation season.
releases plus the incremental runoff between these two Conclusions, resulting from an analysis of this study,
projects. are as follow:

At the beginning of the study, storage in each a. The study demonstrates that the reservoir system
reservoir was assumed to be at the base of the annual with the assigned flood control storage capacities
flood control zone. Regulation of the specific projects was fully effective for flood control for all runoff
comprising the system was based on target storage levels conditions experienced during the 1898-1968
for each of the projects and t'he system as a whole. These period, as adjusted to the 1970 level of basin
targets were utilized to maintain balanced system storage development. A reserve of exclusive flood control
insofar as practical, and represent desirable storage levels storage space was maintained at all times while
on the following I March date, provided that, in their maximum releases were limited to less than 25,000
attainment, other criteria governing system regulation cfs from Fort Peck and less than 75,000 cfs from
could be met. The system target storage level was Garrison. Sioux City flows were at all times at or
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below the level pernitted by the downstream other purposes exceeded these requirements. How-
flood potential, and storage was evacuated to near ever, during non-navigation periods following
or below the base of flood control (with allowance periods when less than an 8month navigation
for replacement storage space) prior to the spring season had been provided, these water quality
flood season of each year. requirements established the system releases. This

b. Sufficient releases were maintained from the refer- occurred in 5 out of 71 years.
voirs to meet any requirements for irrigation at or e. The nameplate output and the December peaking
below the-projects. The effects of -1970 irrigation capability at the end of the fourth year of the
projects on inflows to the system and releases drought of the 1930's (December 1933), are as
from the system were considered throughout the follow:
study. No large-scale irrigation prOjects utilizing Alwepkte December 1933
water directly from the reservoirs were in opera- Rating Cvability
tion. (1,0) ii) (1,000 kw)

c. Navigation flows of 25,000 to 35,000 cfs at Sioux Fort Peck 165 185
City were maintained for full 8-month, navigation Garrison 400 399
seasons, 23 March through 22 November, for 66 Oahe 595 5.,6
years of the 71-year study. As a result of drought Big Bend 468 538
conditions in the 1930's, navigation seasons of less Fort Randall 320 277
than 8 months' duration with navigation flows at Gavins Point 100 66
minimum rates (25,000 cfs at Sioux City) occur- System Total 2048 1991
red for 5 years of the study. The minimum length
of the navigation season was 6-3/4 months. The f. Average annual energy generation for the entire

distribution of navigation season lengths through period and the generation for the fourth year of

the 1898-1968 period is shown by the following the drought (1933) are summarized as follow:
tabulation: A verge Annual
Season Length, Years Generation 1933 Energy

Months Experienced (Millon kwh) (Million kwh)

8.00 66 Fort Peck 1008.2 738.5

7.75 1 Garrison 2312.8 2001.9,

7.25 1 Oahe 2647.1 2093.8

7.00 1 Big Bend 1001.7 889.8

6.75 2 Fort Randall 16l4.3 1449.9
Gavins Point 646.3 599.5

TOTAL 71 System Total 9230.4 7773.4

d. Water quality requirements on the Missouri River g. The average monthly distribution of system energy
were met throughout the study period. During all and peaking capability for the entire record period
years with full 8-month navigation seasons, and in and for the fourth year of the drought (1933) are
all years during the navigation season, releases for as follow:

Average 1898.1968 1933
nPeking Peaking

Month Generation Capability Generation Capability
(Million',kwh) (Mw) (Million kwh) (now)

16-31-March 35S 2178 329 2148
April 7i, 2181 581 2137
May 773 2182 679 2140
June 742 2189 808- 2132
July 922 2187 673 2104
August 958 2185 782 2085
September 800 2151 624 2055
October 803 2104 680 2006
1.15,November 367 2072 306 1969
16-30 November 390 2062 337 1040
December 778 2113 643 1991
January 720 2139 579 2025
February 596 2146 516 2042
1-15 March 300 2148 236 2053

9230 7773
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Salient features of this study are shown in graphical reduced and, in the case of the 1930 drought, the season
form on plate; 18. These include a comparison of the length reduced in five of the drought years. The graph of
annual vokimet at Sioux City at the approximate power service illustrates the level provided through the
1949-level of water resource development, tncontrolled record period, the reduction in energy generation which
by the main -stem reservoirs, and the controlled annual accompanied the two drought periods, and the signifi-
volumes at this location. System storage at the cant reduction in capability which occurred as a result of
1970-level is shown through the 1898-1968 period the 1930 drought. While masked at many ti .es due to
indicating an essentially filled system with the exception releases required -for other purposes, the energy load
of the severe drought period of the 1930's, when storage curve assumed for these studies can also be discerned
levels approached the minimum carry-over levels, and from the seasonal pattern of energy generation. Criteria
the moderate drought of the late 1950's and early for firm power sales from the main stem reservoir system
1960"s when a significant decrease in storage levels are nominally based on the peaking capability at the end
occurred. System releases (Gavins Point outflows) reflect of the fourth year of the drought of the 1930's
the cycle between navigation and non-navigation releases (December 1933) and on average annual energy genera-
and also indicate the years when high releases were tion. Capability in excess of firm power sales would be
required toevacuate storage for flood control purposes. available for disposal as peaking power.
The graph showing service provided the navigation Detailed results of this study, month by month
function illustrates the essentially full service which was through the 1898.1968 record period, and sumnmariza-
provided with the exception of ?he drought peiiods tions of these and other elements of the stidy are on file
referenced previously when the service level (as indexed in the Reservoir Control Center, MissouriRiver Division,
to average navigation season flows at Sioux City) was Corps of Engineers.
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CHAPTER 7

GROUND-WATER AVAILABILITY

SIGNIFICANCE OF GROUND WATER Any saturated material through which water moves
fast enough so that water can be produced from wells is
termed an aquifer. Saturated rocks through Which water

Compared to a mighty river serving as an artery of ,moves so slowly that they are not capable of yielding
commerce, or even to a babbling brook in a sylvan Water to wells and whi'h retard the movement of ground
setting, ground water is quite unspectacular. Filling water from one aquifer to another are called aquitards.
openings in the rocks beneath the land surface, it is Aquitards may contribute to the available water supply
almost everywhere hidden from view. Only in the few by very slow drainage into adjacent aquifers from which
places where it erupts in geysers or flows from springs water is being withdrawn. Saturated rocks through
does it attract attention. Results of its use, however, which there is practically no ground-water movement are
often may be spectacular. Great satisfaction may be called aquicludes. Aquicludes yield practically no water
derMved from the sight of lush crops irrigated with water to wells, they yield practically none to-adjacent aquifers,
from wells, or from the-knowledge that a commiunity's and they constitute effective barriers against movement
ground.water supply will be dependable even through of ground water from one aquifer to another.
protracted periods of drought. If not overlain by an aquiclude, the uppermost

Despite its unimposing nature, ground water has aquifer at a given locality is referred to as a water-table
played and will continue to play an important role in the aquifer. and the water in it is said to occur under
economic development of the Missouri Basin. Its wide- water-table conditions. In a well that taps such an
spread occurrence in quantities sufficient for domestic aquifer, the water level coincides with the water table at
and livestock needs has enabled agriculture to expand the well site. Aquifers that are overlain and underlain by
into areas remote from perennial streams. Its great aquitards or aquicludes contain- .,ater that is confined
abundance locally has permitted municipal, industrial, under pressure and are referred to as artesian aquifers. If
and irrigation development in many places where sup- the pressure is, great enough, water will flow from the
-plies of surface water were inadequate for these pur- top of a well tapping an artesian aquifer. When the first
poses. Except for ground water, which provides a base wells were drilled into the Dakota Sandstone beneath
flow, many surface sreanis would flow only after the James River valley in eastern South Dakota, natural
runoff-producing precipitation. Ground water is less pressure was sufficient to produce flowing wells through-
likely to be contaminatc,. than is surface water, its out the area. With the drilling of each new well the
chemical quality and temperature are more uniform. and natural pressure has progressively decreased and water
it is practically free of sediment. Protected from the levels have dropped. Pump lifts of 100 feet or more are
elements, it constitutes a water supply equally reliable now required, in many locations, to raise the water to
throughout all seasons of the year. the land surface.

Some of the water contained by rocks is connate; it

HYDROLOGIC PRINCIPLES has been in.the rocks since they were first formed. Some
is the result of downward transfer of moisture front the

Terminology land surface. Much of the water now in the rocks has
entered them since their formation: and in most places,

Of the water beneath the land surface, only that in the uppermost ground water is at least partly water that
permanenlt or virtually permanent zoncs of saturation is was receniv ol lie land surface. Transfer of water from
called ground water. Soil moisture ad water in other the land surface to the zone of saturation is referred to
ordinarily nonsaturated zones are not included. In a few as recharge. It is natural recharge if it is (ite to natural
localities, the top of a saturated zone may coincide with infiltration of' precipitation and influent seepage from
the land surface, but in most places, water-saturated streams. It is artificial recharge -tf due, accidentally or
rocks can be reached only by digging or di illing down to intentionally, to the results of man's distribution and use
then, of water.
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Relative Capacity of Aquifers where the water table is near the land surface. Practically
all ground-water discharge occurs in valley areas. Where

Unconsolidated coarse-grained sediments such as well valley bottoms are broad and flat and the water table is
sorted sand and sandy gravel have the greatest capacity within a few feet of the land surface, discharge through
for both storing and' transmitting water; and, accord- evapotranspiration may greatly exceed ground-water
ingly, they make the most productive aquifers. The discharge into stream channels.
tremendous storage and transmitting capacity of un-
consolidated deposits of sand and sandy gravel is Ground-Water Recharge
demonstrated by the several thousand irrigation wells,
each commonly yielding 700 to 1,500 gallons per Basinwide, the principal source of ground-water
minute, in south-central Nebraska. Consolidated coarse- recharge is precipitation that infiltrates the ground at or
grained sediments such as sandstone and conglomerate near the point v here the precipitation falls. In any
also may be good aquifers if the intergranular spaces are locality, intensity and amount of precipitation, absorp-
only partly filled with the cementing material. tive capacit) of the soil, vegetation, and topographic

Unconsolidated fine-grained sediments such as silt characteristics are all factors that influence the amount
and clay and their consolidated equivalents such as of recharge from this source. Seepage from stream
siltstone, shale, and mudstone may have a storage channels is another source of ground-water recharge.
capacity as great as that of the coarse-grained sediments, Also, in floodplain areas, the quantity of recharge
but they transmit water much less readily. Accordingly, resulting from temporary flooding may greatly exceed
they ordinarily are not good aquifers. that resulting from precipitation over the same area

When newly formed, most carbonate rocks had during several months or even years.
practically no capacity to store and transmit water. Some ground.water ,recharge is artificial, resulting
Some have been transformed into important aquifers, from works or actions of man, and it may be either
however, as a result of recrystallization, development of unintentional or deliberate. Seepage from canals and
fracture systems, and solution activity. Limestone reservoirs, blockage of nbtural ground-water outlets by
aquifers generally have rather small storage capacities reservoir impoundments, leakage from water-distribution
but great capacities to transmit water. Big Spring near systems, and outflow from-septic tanks are all examples
Toston, Mont., with a fairly constant flow of about of unintentional ground-water recharge. Such recharge
27,000 gallons per minute, is believed to issue from an has occurred in nearly all areas irrigated with diverted
extensive solution channel in the Madison Limestone. streamflow; in fact, the water table in some irrigated
Success in obtaining a water supply from a limestone areas has risen 'enough to c ": waterlogging. An
aquifer ordinarily depends on whether the drill intersects outstanding example of uninten,.uial recharge exists in
one or more solution channels or open fractures. Gosper and Phelps counties, Nebraska, where seepage
Dolomite, also a carbonate rock, may have a moderately from the water-distribution system of the Central
high capacity to store water and to yield it to wells. Nebraska Public Power and Irrigation District has caused

Few metamorphic or igneous rocks can store or a water-table rise of more than 60 feet under parts of the
transmit large quantities of water. Most are fractured to area.
some degree, however, and in some places may yield Deliberate recharge of aquifers is practiced at only a
enough water for domestic needs. Success in obtaining few localities in the 'Missouri Basin. Some areas adjacent
water from these rocks depends on the degree of to streams are flooded, by pumping from the streams
openness and the number of water-filled fractures that during periods of high flow which exceeds the demands
are penetrated in drilling. Failure to obtain adequate of downstream users, in order to add to ground-water
supplies of water from these rocks is fairly common, storage beneath the land. Later, when all streamflow is

needed to supply downstream users, the water added to
Ground-Water Movement and Discharge ground-water storage can be salvaged by pumping from

wells. An artificial recharge project tinder construction
All water in the zone of saturation is moving toward at Lincoln, Nebr., will provide for injection of water into

points of discharge at the land surface. )irection of the underlying Dakota Sandstone, during the cooler
movement is the same as the direction of decreasing months of the year, thereby creating a supply that can
head. The rate of movement is very slow, generplly be pumped during hot weather to help meet peak
ranging from a small fraction of an inch per day to no demands. Water injected into the sandstone will be from
more than a few feet per day. Natural discharge of the city's main supply, which is conveyed by pipeline
ground water occurs continuously. Flowing springs and from a well field on the Platte River 30 miles to the
jains in the fair-weather flow of streams are visual northeast. Another type of artificial recharge is under
evidence of natural ground-water discharge. Less ap. consideration for the well field itself. It will involve
parent is the extraction of ground water by plant roots diversion of Platte River flows into man-made recharge
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ponds within and adjacent to the well field, thus large-scale pumping will not create a significant im-
lessening dependence on infiltration from the river for balance between discharge and recharge.
maintenance of the supply. In many areas, however, the withdrawal rate from

Experiments now underway near Burlington, Colo., wells is so great that establishment of a new balance
involve: killing vegetation and spreading a I-inch layer of between discharge and recharge is not possible. This
gravel over the experimental area to induce greater re- situation is already developing in some of the High Plains

charge from precipitation. The gravel mulch prevents area where withdrawals for irrigation greatly exceed the
rapid runoff and decreases evaporation losses. Prelimi- combined effects of increased recharge and decreased

nary results of these experiments indicate that ground- natural discharge.Curtailment of withdrawals is the only
water recharge from precipitation can be increased feasible solution, and this is the natural economic result

several-fold in this way. as the cost of withdrawals increases with depletion of
A tremendous quantity of water flows out of the the ground-water supply.

Missouri River Basin each year. Additional opportunities
-exist, accordingly, for spreading floodwaters or other
surplus waters to- induce greater ground-water recharge. GENERAL AVAILABILITY OF

While the cost of diverting streamflow to sites where GROUND WATER

artificial recharge is practicable has largely limited such
development to date, some conjunctive-use operations Data Available
for surface and ground waters already exist. One large
irrigation system of this type has been authorized for Springs and seeps, streams that continue to flow in
development, to overcome current ground-water deple- dry weather, waterlogged soils, and stands of lush
tions and to stabilize the ground-water level for con- vegetation in a generally arid area are clues to the
tinued use for all purposes. presence of ground water at shallow depth. They afford

little or no indication, however, of the areal extent and
Discharge-Recharge Balance thickness of the saturated rocks or of their capacity to

transmit water to wells. Furthermore, an area may be
Under natural conditions, -with no pumping from underlain by thick water-bearing rocks with a surficial

wells and no artificial recharge, the average annual evidence thereof.
recharge balances the average annual discharge of ground In some parts of the Missouri River Basin enough
water. Short-term rates of discharge and' recharge, testholes and wells have been drilled so that subsurface
however, are rarely the same, since discharge is con- conditions to depths of a few hundred feet are known in
tinuous whereas recharge is intermittent. This imbalance considerable detail. Information concerning the occur-
is reflected in short-term fluctuations in the water table rence of ground water in the shallower rocks throughout
and in the quantity of ground water in storage. The the Kansas portion of the basin, most of the Missouri
annual range of natural water-table fluctuation may be and Colorado portions, much of the Nebraska portion,
only a few inches in broad intervalley areas where the and the southeastern Wyoming portion is prese,,ted in
depth to water ordinarily is substantial, but it may be published reports. For the rest of the basin, detailed
several feet in valley areas where the water table is nearer information concerning sources of supply shallower than
to the land surface and where rates of both natural 500 feet is available only for scattered areas or point
discharge and natural recharge ordinarily are greatest, locations. Considerable information on artesian aquifers

Pumping from wells affects tile natural long-term at somewhat greater depths also has been published.
balance between discharge and recharge of ground water, principally for South Dakota but also for many localities
When the quantity of water pumped is small, the effect in Montana, North Dakota, and Wyoming. The published
is virtually negligible unless tile quantity of ground water reports vary in the amount of detail they contain. Somc
in storage also is small. When annual pumpage is large, are of a reconnaissance nature, merely describing the
however, lowering of the water table is the inevitable geology and occurrence of ground water as deduced
result. The Luminensurate decrease in the volume of from observations of rock outcrops and an inventory of
ground water in storage is progressive unless a new wells. Others contain extensive detailed information,
balance between discharge and recharge canl be estab. Those describing ground-water resources most coin-
lished through decreasing the rate of natural discharge, pletely contain estimates of grou id-water volumes based
increasing the rate of recharge, or both, Where a good on systematic test drilling, evaluation of hydraulic
hydraulic connection exists between a stream vith a properties based on aquifer tests and other data, records
perennial strong flow and anl aquifer with the capacity to of punpage and of water-level fluctuations during
transmit water rapidly, for example, pumping from wells periods of several years, and estimates of aquifer
close to the stream may induce a compensatory increase response to projected water-supply developments. Few
in the rate of seepage from the stream such that even of the reports contain factual information concerning
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the water-supply potential of aquifers not already Ground Watir in Storing
tapped by wells.

In nearly all of the basin states, most of the available, Approximate quantities of ground water in storape in
data concerning ground water has been collected during selected areas of the Missouri Basin have been estimated
studies financed jointly by the U. S. Geological Survey from values of aquifer thickness, areal extent, and
and cooperating state agencies. Exceptions are Missouri, average storage coefficient, the latter being the volume
where most of the studies were made by the Missouri of water that,;-.',-uifer releases or takes into storage per
Division of Geology and Water Resources, and South unit of surf.,ce area per unit of change in head. These
Dakota, where many were made by the South Dakota estimated quantities are shown by the map on plate 20.
Geological Survey prior to initiation of a Federal-State The quantities of water in storage in these areas are
cooperative program in 1959. Many areal studies have not necessarily proportional to the quantities of water
been made by the U. S. Geological Survey in Colorado, that can be withdrawn. In some situations, as pointed
Wyoming. Montana, the Dakotas, Nebraska, and Kansas out previously, withdrawals from an aquifer may cause.a
as part of the Department of the Interior's program for reduction in natural discharge or an increase in recharge,
development of the.Missouri River Basin. or both, and eventually a far greater quantity of water

Estimates of, grfund-water availability presented later can be withdrawn than the amount that can be stored in
have been based, to the extent practicable, on the an aquifer' at one time. In other situations, the total
specific ground-water data that exist. In unstudied areas, quantity that can be withdrawn may be substantially less
they have been based on the best geologic and hydrol- than the quantity in storage because the rate of yield to
ogic data available. In some areas, the experienced wells will progressively decline to the point that further
geohydrologist may infer the ground-water potential withdrawals will become economically impracticable
with reasonable accuracy by integrating, observed sur- before storage is exhausted.
ficial evidence of saturated rockswith a knowledge of
the lithic characteristics and structure of rock strata and
an understanding of subsurface hydrology. In other ANALYSIS OF PRESENTLY USED

areas, however, surficial evidence of saturated rock is AQUIFERS

lacking and data on subsurface conditions are so meager
that the best current evaluations )f ground-water re- Generally, an aquifer may be regarded as important

sources must be regarded as highly tenati'v., or potentially important if it contains water of good
quality, if it yields water freely to wells or is capable of
doing so, and if it currently has a significant quantity of

Ground Water Available to Wells water in storage. In some cases, however, aquifers
without all these characteristics may be important for

The quantity of water available to wells varies widely, other reasons. An aquifer with only a meager quantity of

in accordance with the hydraulic character of the water of marginal quality, for example, may be of seat

underlying rocks. The' estimated quantities dvailable to importance inanarea where no better source of supply

wells throughout the Missouri Basin and the depth to exists. Conversely, an aquifer with all these character-

water level for areas where water-depth data are available istics may be unimportant if its depth below the land

are shown by the map on plate 19. surface is so great that the cost of water withdrawal

This map shows areas where properly located and makes such withdrawal economically impracticable.

properly constructed wells generally are cspable of The following descriptions of the more important

yielding water at rates within certain specified limits, water-bearing stratified rocks begin with the geologically

The water would be of a chemical quality satisfactory youngest and conclude with the geologically oldest. This
The ate wold e o a hemial ualty atifacory order is the same as that in which rocks ordinarily are

for most ordinary uses, since local areas in which large orentrated duang as at ' whic fic inarie

yields of salty or otherwise highly mineralized ground petated ng drilling at aty specific site. A brief

water may be available have been excluded from the statement concerning thle wvater-yield potential of ex-
datesigations. Thaaie mapdes not inicae t tl truded igneous rocks is included, Estimates of the

map designations. The map does not indicate the total quantity of water in storage are presented for many
quantity of water that may be obtained at any specific aquifers capable of yielding w-.ter to wells at rates of
locality or from any specific aquifer. Such deter- 300 gallons per minute or more.
minations generally can be made only on the basis of
special investigations.

The map indicates depths to water level only in areas Rocks of Quatenary Age
where water-level data are available and the estimated
yield per well exceeds 50 gallons per minute. In artesian Unconsolidated deposits of Quaternary age provide
areas, with favorable topographic conditions, wells may more that) half of ti water withdrawn from ,ells in the
flow, Missouri River Basin. These deposits are tapped by wells
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in- each of the basin states, but thir current importance portant aquifer of this type. Water storage is estimated
and their potential for further-development vary from at about 800,000 acre-feet. Test drilling indicates that
state to state and from place to place within individual the preglacial valley was as much as 400 feet below the
states. Probably not more than 25 per cent of the total present land surface.
volume of Quaternary deposits s capable of yielding Riht4 an--ributaries of the Missouri River in South
water freely to wells. Colorado, Kansais, and Nebraska Dakota formerly flowed in valleys that continued
are well endowed with deposits with a high yield eastward beyond the present Missouri River into what is
capability, and peat quantities of water have been now the glaciated area. In at least two places, the
withdrawn'from them annually for many years. sediments filling these ancient valleys constitute impor-

Quaternary deposits include the alluvium beneath tant, aquifers. One of these, in north-central South
present-day stream valleys, the alluvium filling ancient Dakota east of the present mouth of the Grand River,
stream valleys, wind-deposited silt and sand, and a has an estimated 3,100.000 acre-feet of water in storage.
variety of-sediments derived from rock debris left behind The other, in southeastern South Dakota near present
by melting glaciers. In the following descriptions, de- Lake Andes, has an estimated 3,000.000 acre-feet of
posits in the glaciated part of the basin are covered first, water in storage.
followed by those in the-nonglaciated part of the basin. Other aquifets of significance in filled pre-glacial

Throughout nearly all of the glaciated area, the valleys exist in the glaciated portions of Nebraska,
Quaternary deposits consist mostly of glacial till, an Kansas, and Missouri. In Nebraska and Kansas, moder-

unsorted mixture of clayey rock flour and larger rock ately large supplies of water are obtained from wells
fragments ranging in size from silt and fine sand to tapping these aquifers. In Missouri, these aquifers are the
cobbles and boulders. Saturated till usually will yield principal source of fresh-water supplies in the glaciated
some water to wells, but the rate of yield generally is area.
small and the water may be highly mineralized. Scat- Aquifers in stratified sand and sandy gravel deposits
tered within the till are thin and areally small bodies of of the second type, in. filled or partly filled drainage
stratified sand and sandy gravel capable of yielding ways developed by melt water from one or more of the
enough wzter for rural domestic and livestock needs. earlier glaciers, exist in south-central North Dakota and

Many farm wells derive water from this source. Because in eastern South Dakota. The most significant of these,
of their generally small volume, such aquifers usually are in Hand, Spink, Beadle, and Sanborn Counties, South
not capable of sustaining high yields, and many wells Dakota, is estimated to contain 20 million acre-feet of
tapping them are likely to become dry during extended water.
drought periods. The Big Sioux River valley in South Dakota is an

Thicker :nd more extensive bodies of stratified sand example of stratified sand and sandy gravel deposits of
and sandy gravel also occur within the glaciated area. the third type, in filled or partly filled drainage ways cut
These are of three types. The first consists of permeable by melt water from the last ice sheet. Here the valley
sediments that filled or partly filled preglacial' stream was cut to depth somewhat below the present floodplain
valleys. The second consists of similar deposits that filled and then was partly filled with glacier-derived sediments.
or partly filled melt.water channels and other depres- These sediments are estimated to be able to store an
sions in the land surface that existed between glaci- estimated 7,900,000 acre.feet of water.
ations. The third consists of similar deposits in For most of its length below Great Falls, Mont., the
melt.water channels and other depressions formed present-day Missouri River is either within or close to
during the waning phase of the last glaciation. The first the glaciated part of the basin. Only in some reaches is
two types usually are buried beneath layers of glacial till; its valley underlain by deposits of sand and gravel thick
the third, type usually is the uppermost Quaternary enough to be important as aquifers. Those in eastern
deposit. Montana and western North Dakota, underlain by the

The buried valleys of the ancestral Missouri River and filled valleys of the ancestral Missouri and Yellowstone
some of its ancestral tributaries in northern Montana rivers, have already been described. Other reaches
constitute an important aquifer of the first type. underlain by alluvial aquifers of significance are between

Estimated storage here is about 1,700,000 acre.feet. The Garrison Dam and the upper end of Oahe Reservoir and
buried valleys of the ancestral Yellowstone River and between the mouth of the Niobrara River and the mouth
some of its ancestral tributaries in southeastern Montana of the Missouri River. Aquifers in the former reach store
and northwestern North Dakota, generally underlying an estimated 200,000 acre.feet of water. Those in the
the modern Yellowstone River, constitute another imi- latter reach store an estimated II million acre-feet of
portant aquifer of this type, with an estimated water above Kansas City and another 6 million acre-feet

1,200,000 acre-feet of water in storage. Nearby, in below Kansas City.
northwestern North Dakota, the buried valley of the The valley of the Big Blue River from northern
ancestral Little Missouri River constitutes another im- Seward County in Nebraska to the junction of the Blue
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River and the Kansas River at Manhattan, Kans., and the extensive Quaternary alluvial. deposits is the Laramie
Kansas River valley from that point to the river's mouth basin in Albany County. The maximum thickness of the
are also just within or close to the glaciated part of the deposits is about 45 feet ard the rocks immediately

S souri basin. In Nebraska, moderately large yields are under the alluvium are nearly impermeable, so large
ot'uined from wells in areas where the alluvial dep"its supplies of water cannot be developed from conven-
of the Big Blue River valley are underlain by similar tional wells. However, radial collectors or infiltration
deposits filling an underlying earlier valley; but where galleries located where seepage from either the Laramie
only the alluvium of the Big Blue River valley is present, or Little Laramie rivers could be induced would-prob-
well yields are much smaller. In Kansas, the alluvium of ably provide a fairly large supply.
the Big Blue River valley is thicker and generally capable
of yielding 300 gallons per minute to wells Even greater Long stretches of several stream valleys in that large
yields from wells, as much as 1,500 gallons per iinute, part of the Missouri Basin between the mountains and

are common in the Kansas River valley. Ground water in the glaciated part of the basin contain alluvial deposits

the alluvium of the valleys bordering the glaciated area generally capable of yielding moderately large to large

in Kansas is estimated at 1,500,000 acre-feet. quantities of water to wells, 300 gallons per minute or

Where the valleys of the Elkhorn and Platte rivers are more. These deposits underlie not only the floodplains

within the glaciated part of eastern Nebraska, the but also terrace remnants bordering the floodplains. The

deposits of sand and gravel underlying them promise to more important stream-valley alluvial deposits in the

become increasingly important as sources of water area between the mountains and the glaciated portion of

supply. Average daily pumpage in 1966 from the the basin are listed in table 20. It should be noted that

Lincoln city well field near Ashland, Nebr. in the Platte the valleys of the Platte River, the Loup River, and other

River valley was 27 million gallons. Another large supply streams in east-central Nebraska are not included in this

has been developed recently by the Omaha Municipal table. The alluvium beneath these valleys is not restric-

Utilities District in the Platte River valley about 20 miles ted to the valleys themselves but is a continuation of and

downstream from the Lincoln city well field. virtually indistinguishable from an extensive sheetlike

Quaternary deposits outside the glaciated portion of complex of unconsolidated fluvial deposits extending

the Missouri Basin are especially important sources of beneath the adjacent uplands. Descriptions of these

ground-water supply now and will become even more stream valleys are included with a subsequent descrip-

important in the future. Deposits along the edge of the tion of the sheetlike deposit.

glaciated area probably consist partly of glacier-derived The Quaternary deposits underlying the valleys of the
sediments and partly of sediments derived from non- South Platte River and its tributaries are the most highly
glaciated areas; those elsewhere consist entirely of developed of the aquifers listed in table 20. A large
sediments derived from the nonglaciated areas. Wind- percentage of the water pumped from wells is used for
deposited sand of Quaternary age, especially in irrigation, and most of the rest is used to meet municipal
Nebraska, is important to the water-supply picture in needs. In the valley of the South Platte River itself, a
that the sand absorbs water readily and transmits it to high rate of recharge due to application of surface water
underlying coarser-textured deposits. for irrigation so nearly balances current withdrawals plus

Several intermo !,ne basins that contain substantial natural discharge that the quantity of water in storage
thicknesses of water-bearing Quaternary deposits exist in remains nearly constant. In some of the tributary
southwestern Montana. In the Gallatin River valley - valleys, however, withdrawals have caused significant
Trhree Forks area, in the vicinity of Bozeman, alluvial reductions in storage. About three-fifths of the wells in
deposits and underlying older rocks are estimated to the South Platte River valley yield between 300 and
contain 1,200,000 acre-feet of water. An estimated 1,000 gallons per minute. Most of the remainder yield
600,000 acre-feet of water is stored beneath the Town- more, but only a few yield in excess of 2,000 gallons per
send valley with another 200,000 acre-feet beneath the minute.
Helena valley. The aggregate quantity of water beneath The most important Quaternary deposits of sand and
other intermontane valleys in southwestern Montana gravel in the Missouri Basin underlie an area of 22,500
approaches 5 million acre-feet. The thicker alluvium in square miles in eastern Nebraska and noirthern Kansas.
all of these valleys is capable of yielding 1,000 gallons Their existence is due to creation of a sediment trap
per minute, or more, to wells that are properly designed when glaciers blocked eastward-flowing streams, ponding
and constructed. Streamflow into the valleys and runoff their flow until it spilled over interstream divides. The
from the relatively impermeable rocks forming the sand and gravel deposits, together with interlayered and
surrounding slopes combine to afford generally ample overlying fine.grained sediments, accumulated to a thick-
sources of replenishment. ness exceeding 400 feet in places, enough so that not

In that part of Wyoming within the Missouri Basin, only the preglacial valleys but also many of the
the only intermontane basin known to contain areally preglacial divides were buried.
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Tabe 20 - GROUND-WATER STORAGE IN STREAM-VACLEY ALLUVIAL DEPOSITS
NON-GLACIATED AND NON-MOUNTAINOUS PORTION

OF THE MISSOURI-BASIN
= Estimated

Water in
Vay Loeaton store

(Acm-Feet)
Sun River Northwestern Cascade County, Montana 50.000Missouri River Central Cascade County, Montana
Mussdshell River Western Muselshell C-ty, Montana,-to junction with the Misqouri

River 100,000
Yellowstone River Central Park County, Montana, to border of glaciated area at

Intake. Montana
Clark Fork Northern Park County, Wyoming, to junction with Yellowstone River
Rock Creek Central Carbon County, Montana, to junction with losk Fork 1.400.000
BiRhorn Rie Central Big Horn County, Montana, to junction with Yelowstone River
Tongue River Southern Rosebud County, Montana, to junction with Yellowstone River
Powder River Central Powder River County, Montana. to junction with Yellowstone River
Wind and Popo Agic Rivers Central Fremont County, Wyoming 600,000
Sweetwater River Southeastern Fremont and southwestern Natrona Counties, Wyoming 200,000
Belle Fourche River Southwestern Crook County, Wyoming 50.000
North Platte River Eastern Platte County, Wyoming. to central Lincoln County, Nebraska 10,000,000
Pumpkin Creek Banner and Morrill Counties, Nebraska
South Platte River & Northwestern Douglas County, Colorado, to central Lincoln County.

Tributaries, NE Colorado Nebraska 28,000,000
Lodgepole Creek Eastern Laramie County, Wyoming, to Sedgwick County, Colorado
Republican River Southwestern Dundy County, Nebraska, to junction with Smoky

Hill River
South Fork of Republican River Southwestern Cheyenne County, Kansas, to junction with Republican River 3,000,000
Frenchman Creek Southeastern Chase County, Nebraska, to junction with Republican River
Prairie Dog Creek Central Norton County, Kansas, to junction with Republican River
Smoky Hill River Western Wallace County, Kansas, to junction with Republican River 1,300,000
Saline River Northeastern Trego County, Kansas, to junction with Smoky Hill River
South Fork Solomon River Western Graham County, Kansas, to junction with North Fork

SolomonRiver
North Fork Solomon River Southwestern Norton County. Kansas, to junction with South Fork 800,000

Solomon erRiver
Solomon River Western Mitchell County, Kansas, to junction with Smoky Hill RiverKansas River Northern Geary County, Kansas, to mouth of Blue River 150,000

The valley of the Platte River and the valley of the In the Platte River valley, the water table is within a
Loup River,-its tributary, are broad and shallow incisions few feet of the 'land surface and the soils generally are
into this extensive deposit. Each river is hydraulically moderately to highly permeable. Prior to developmentl
continuous with the zone of saturation in the deposits of irrigation, precipitation was the principal source of
beneath the valley floor and that zone is continuous recharge and evapotranspiration accounted for most of
with the zone of saturation beneath the adjacent upland the discharge. Depending upon its stage, the river either
plains. The dry-weather flow of several smaller streams is drained water from or added water to the zone of
maintained by seepage from the zone of saturation. saturation. Now that pumping withdrawals lower the

Because these Quaternary deposits mantle an ancient water table, less ground water is discharged by evapo-
land surface of moderate relief, their thickness and the transpiration, recharge by infiltrating precipitation is
thickness of the zone of saturation are not uniform. The augmented,,by infiltrating irrigation water, and storage
thickness of moderately to highly permeable sediments space is created for additional seepage from the river.
within the zone of saturation also differs. Consequently, The net depletion by pumping, accordingly, is not as
yields obtainable from wells vary. Yields greater than great as the total quantity of water withdrawn. For
1,000 gallons per minute are the general rule, and in example, the Conservation and Survey Division of the
some places, yields greater than 2,000 gallons per minute University of Nebraska has estimated that punipage in
are common. In a few places, however, yields are less Hall County, Nebraska, largely in the Platte River valley,
than 1,000 gallons per minute. Water in storage in this amounted to 1,400,000 acre-feet through 1967 whereas
huge reservoir is estimated to be between 230 million storage had been depleted by only 200,000 acre-feet.
and 250 million acre-feet. In 1964, when precipitation In the upland part of the area underlain by these
over this area was about normal, total punipage was deposits, the water table generally is more than 70 feet
about 1,800,000 acre-feet, This amounts to less than below the land surface and the soils are finer textured
I per cent of the total storage. and less permeable than in the valley. Before irrigation.
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precipitation was the only source of recharge, and the irriation wells deriving water from them.
average, rate was less than in the valley. Natural discharge A rock sequence consisting of the Arikaree (lower)
occurred only as the result of evapotranspiration and and lemingford (upper) groups of Tertiary age consti-

seepage into stream channels. Pump irrigation in this tutes an important aquifer in parts of western Nebraska
situation could not effect any significant increase in and southeastern Wyoming. A few of the wells tapping

recharge nor salvage of natural discharge. Accordingly, it these rocks yield as much as 1,000 gallons per minute.

has resulted in depletion of storage roughly commen- but most yield considerably less. For a large yield to be

surate with the total amount of pumpage. Water-level obtained, the thickness of water-bearing material tapped

declines greater than 10 feet have been experienced in an must be 200 feet or more.

area of -ver 600 square miles. As depletion progresses. Sediments comparable in age to the Arikaree-

the amount of decline in the water table and'the areal Hemingford-Ogallala sequence constitute part of the fill

extent of the decline will both increase. Although the in intermontane basins of southwestern Montana. They

water-level decline has required deepening of several exist also as remnants of a formerly extensive sheetlike

shallow wells and lowering of pumps in some others, the deposit, the Flaxville Gravel, in northeastern Montana.

quantity of water in storage has beet, only modestly Where these deposits are both moderately permeable and

reduced since pumping began. saturated, they are important local sources of water
supply. Deposits in the intermontane basins have the

Rocks of Tertiary Ag greater potential because they are likely to be fully
saturated and are so situated that they are readily

The Ogallala Formation of Tertiary age is the second recharged. Although the Flaxville Gravel remnants tend
to be well drained, some of the larger ones store

most important source ofground water in the Missouri
River Basin. Several of the older Tertiary formations also

are sources of ground water, but none rival the Ogallala gallons per minute to wells.

Formation. Older rocks of Tertiary age generally yield no water

An areally extensive unit, the Ogallala Formation or only enough for domestic and livestock use. More-

underlies much of central and western Nebraskajmuch over, much of the water is highly mineralized and

of western Kansas, a large area in northeastern Colorado, therefore limited in its usefulness. The White River
and comparatively small areas in southwestern Wyoming Group,. which underlies most of western Nebraska and

andth adjoiningl parts ofea Sout Dakotater Wyomigian
and south-central South Dakota. Like the sheetlike the adjoining parts of South Dakota, Wyoming, and
Quaternary deposits in Nebraska and Kansas, it consists Colorado, is notably poor as a source of water supply.

in large part of fluvial deposits derived from the western However, where locally riddled by openings caused by
mountains. Although mostly sand and gravel, these piping or fracturing, water is transmitted freely to wells.

The Wind River, Wasatch, and Fort Union foimations,
deposits tend to be somewhat more compact than those aoe hn t River Group, re iort ant

all older than the White River Group, are important
of Quaternary age, and some beds are moderately-to.well sources of small supplies of water in a small part of
cemented.

An estimated 600,000 acre.feet of water is withdrawn northwestern South Dakota, much of western North
annually from the Ogallala Formation in eastern Dakota, and large areas in Montana and Wyoming.

Colorado, western Nebraska, and western Kansas. Well Hundreds of farm wells tap one or another of these rock

yields ranging from 300 to 1,000 gallons per minute are units or their equivalents where they are within econom-
the general rule, but some of the more favorably situated ical drilling depth. Some of the water from the Fort
wel geerl rul, buth sme 1,o00 the aorr iuatend a Union Formation is derived from open fractures in beds
wells yield as much as 1,500 gallons per minute arid a
few yield more than 2,000 gallons per minute. In those of lignite. In an area around Denver, Colo. many wells

areas where withdrawals are concentrated, water levels derive water from the Denver Formation or the upper

have begun to decline. Although the decline is not at an part of the Dawson Arkose, both of which are approxi-

alarming rate, it does indicate that the supply is subject mate equivalents of the Fort Union Formation.

to eventual depletion. Quantities of water stored in the Although yields usually are less than 20 gallons per
minute, total withdrawals are significantly large.

Ogallala Formation are conservatively estimated at
80 million acre.feet in Colorado, 70 million acre.feet in
Kansas, 500 million acre-feet in Nebraska, and 30 rmil- Rocks of Mesozoic Age
lion acre.feet in Wyoming.

The Browns Park (lower) and North Park (upper) None of the rock units of Mesozoic age have the
formations, of about the same age as the Ogallala capacity to produce water in such large quantities as do
Formation, are important aquifers in parts of Carbon the valley-fill and sheetlike deposits of Quaternary age or
County, Wyoming. Tapped mainly by domestic and the Ogallala-Arikarce sequence of Tertiary age. lHowever,
stock wells, these formations are capable of moderate to several of them are important as reliable sources of
large yields in some places, as demonstrated by a few supply for domestic and livestock use throughout much
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of the large area where these rocks crop out and even in combination with the Codell Sandstone Member of the

some places where they are buried beneath several Carlile Shale, underlies a large area in -eastern South

hundred feet of younger rocks. Dakota. The other is the Dakota Formation. which

A complex of water-bearing formations constituting underlies an area extending from eastern North Dakota
the uppermost rocks of Mesozoic age underlies much of to central Kansas. The formner is the source of supply for
northwestern South Dakota, western North Dakota, many farm wells and, since withdrawals have not yet
eastern Montana, eastern Wyoming, the southwestern caused any significant lowering of tie water level, it is
part of the Nebraska panhandle, and that part of likely that many more small-yield wells can be drilled
Colorado extending from Weld County southward to the into it before depletion becomes a matter of concern.
basin boundary. The most extensive of these formations The latter, first discovered in the 1880's as a source of
is the Fox Hills Sandstone which extends throughout artesian supplies, is also tapped by a multitude of
nearly all of the area. It is overlain in the northern part small-diameter wells. Some fl6w at rates greater than
of the area by the Hell Creek Formation, in the central 100 gallons per minute, but most flow at much smaller
part by the Lance Formation, and in the southern part rates or must be pumped. To:al current discharge of
by the Laramie and Arapahoe formations. Where these water from tile Dakota Formation may exceed
formations are not buried beneath water-bearing 50 million gallons per day.
younger rocks, they are the principal source of supply to Whete they outcrop around the Black Hills and for a
wells. They are tapped by thousands of domestic and short distance downdip from their outcrop. tie Fall
livestock wells and in some places by public supply and River and Lakota formations are tapped by many wells.
industrial supply wells. Yields greater than 150 gallons The water commonly is under sufficient artesian pres-
per minute are the exception, and most wells yield sure to flow or to rise within a few feet of the land
considerably less. surface. Most wells yield less than 15 gallons per minute,

In rather large areas of the Missouri Basin, parti- but a few yield as much as 150 gallons per minute.

cularly in Montana, Wyoming, South Dakota, and In recent, years, many wells have been drilled into the

Colorado, the upper part of one or another of the thick Kootenai Formation in the Judith Basin area in

shales in the sequence of Mesozoic rocks is at or close to Montana. In a large part of the area, the water is under

the land surface. Since the shales are either aquitards or enough artesian pressure to make tie wells flow. It is

aquicludes, even small supplies of ground water are estimated that 300,000 acre-feet of water still is stored

generally unavailable except by drilling through them, in this aquifer within economical drilling depth.

and they may be as much as 1.500 to 2,000 feet thick.
In several places in the western part of the Missouri Rocks of Paleozoic Age

River Basin and in the vicinity of the Black Hills, one or
more of the generally deeper-lying aquifers within the Aquifers included within the thick sequence of
Mesozoic sequence have been upwarped by mountain- Paleozoic rocks are sources of water supply not only in
building forces and are within much easier reach by the several areas where these rocks are exposed but also
drilling. They are recharged where exposed on the flanks in some areas where they are deeply buried beneath
of the domelike uplifts. Important among these aquifers younger rocks not capable of yielding needed quantities
are the Judith River Formation, the Eagle Sandstone, of water. Thousands of domestic and stock wells and
and the Telegraph Creek Formation in central Montana; many mtnicipal and industrial wells with moderately
the Fall River and Lakota formations in northeastern large to large yields tapone or another of these aquifers
Wyoming and western South 'kota; the Cloverly in tile area of eastern Kansas, southeastern Nebraska,
Formation in central Wyoming; the'Kootenai Formation southwestein Iowa, and all of Missouri within the
in central Montana- tile Ellis, Swift, and Sundance Missouri Basin. They also are sources of supply in and
formations in southwestern South Dakota, much of for short distances downdip from their outcrop in
Wyoming, and south.central Montana: tie Nuggett Sand- several of tie mountainous areas, including the Black

stone in northwestern Wyoming; and the Chugwater Hills, and at scattered locations in the plains area, where
Formation in Wyoming and south-central Montana. they are deeply buried. Several large springs issue from
Although small yields to individual wells are the general Paleozoic rocks in central Montana, north-central Wyo.

rule, the capacity of these aquifers to produce water ming, southwestern South Dakota, and south-central
remains to be tested. Missouri.

Even though they yield water at low rates, several In descending order, the most important of the

other Mesozoic formations in tile western part of the Paleozoic aquifels are the Minnekahta Limestone: a

basin are locally important as sources of supply because complex composed of the Quadrant and Tensleep

they are the only accessible aquifers. In the eastern part sandstones, the upper part of the Amsden Formation,
of the basin, two Mesozoic rock units are important as and the Minnelusa, Ilatville, and Fountain formations;
aquifers. One is tile Niobrara Formation which, in the lileath Fot mation; tie Kibbey Sandstone; and the
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correlative Madison, Pahasapa. and Guernsey limestones. basin, the lower Paleozoic rocks outcrop on the flanks of
The Minnekahta Limestone usually is not considered the Ozark uplift in Missouri, and they underlie much of

to be an aquifer. At several locationsin western South northwestern Missouri, extending also into Iowa and
Dakota and eastern Wyoming, however, flowing wells into eastern Kansas and Nebraska. Aquifers in these
tapping it have yields ranging from 10 to as much as rocks are used extensively as a source of water supply
5,000 gallons per minute. Probably, the productivity for farm wells and for many wells supplying munici-
here is due to upward movement of- water from palities and industries. An estimated 352 million acre-
-underlying rocks along faults andother fractures. feet of water is stored by Paleozoic aquifers in this part

The complex including the Quadrant and Tensleep of the basin.
sandstones underlies much of southern and eastern The lateral extent, the overall storage capacity. and
Montana, western North Dakota, much of Wyoming, the yield capability of the deeply buried Paleozoic rocks
western South Dakota, northeastern Colorado, and are not known. If information on all aquifers encoun-
probably parts of western Nebraska and western Kansas. tered during drilling of oil tests and other exploratory
In most places, however, overlying aquifers are capable holes were made part of the public record, a sound basis
of supplying current water demands or the complex is for estimating the quantities of water that could be
too deeply buried to warrant its exploration as a source withdrawn from these rocks would be-provided. Water
of water supply. The principal outcrops of this complex from deep sources is generally warmer and more highly
are in Montana and Wyoming, and on all sides of the mineralized than that from shallower sources. However,
Black Hills uplift. Conditions for recharge from precipi- desalinization of water from deep sources may even.
tation and stream seepage are favorable in most of the tually prove to be a feasible solution to some water-
outcrop areas; and downdip from the outcrops, the supply problems.
sandstone layers of this complex generally contain water
under high pressure and are capable of yielding moder- Rocks of Pre-Paleozoic Age
ately large quantities of water to flowing wells.

The Heath Formation and the Kibbey Sandstone are
tapped by several wells, some flowing, in central Despite their almost complete lack of primary inter-
Montana. However, the full extent or the potential of granular porosity, the metamorphic and igneous rocks of
these aquifers as sources of water supply is not known. pre-Paleozoic age are tapped by a large number of wells

in those areas where younger rocks have been removedThe correlative Madison-Pahasapa.Guernsey lime- by erosion. Their capacity to store and transmit water
stones constitute an aquifer that has been tapped by generally is due entirely to the existence of a system of

wells at scattered locations in Montana, Wyoming, interconnected open fractures. In many cases, well yields
westerns North Dakota, and western South Dakota. It is inecnctdonfrtus.Imayaewllilsknwen ounrthe Daothawestern SoutDaskta. t is vary seasonally, since the fractures tend to fill during
known to underlie northwestern Nebraska and part of rainy periods and to drain between such pt.iods.
Colorado, and it may extend into western Kansas. It ray pes an to rain ban such o sa

outcrops in mountainous areas where conditions for Usually, wells in these rocks can sustain only small

recharge are frequently favorable. Downdip from the yields. They are important, however, because in areasrecarops, aereisunderhighoenoug.Downdurp fr te where these rocks are exposed no other sources ofoutcrops, water is under high enough pressure for wells ground water are available.

to flow. Several wells in western South Dakota, for Few wells derive water from pre.Paleozoic rocks
example, some more than 4,000 feet deep, flow more where these are overlain by sedimentary rocks, The
than 100 gallons per minute. Moderately large yields possibility of obtaining water from weathered granite
from scattered wells in Wyoming and Montana indicate a underlying the sedimentary sequence, however, should
potential for much greater development of this aquifer not be overlooked. Secondary porosity and perme.
in these states.

ability, developed during the weathering process, mayUpper Paleozoic rocks also crop out or are near the have rendered this rock capable of small to moderate
surface in the southeastern part of the Missouri Basin, yields to wells.
where they are tapped by many farm wells. Apparently,
none of these aquifers are capable of yielding supplies
greater than those needed for domestic and stock use.

The lower Paleozoic rocks are known to contain
important aquifers in the Black Hills area and in the
Ozark area in tle southeastern part of the basin. In the The occurrence of water in extruded igneous rocks,
Black Hills area, these rocks are known to contain a large whatever their geologic age, is generally similar to its
volume of water under high artesian pressure. Some occurrence in the pre-Paleozoic rocks. Springs issuing
water from these rocks is used for domestic and stock from rhyolite of Tertiary age in Yellowstone National
supplies, but most of the water from this source is too Park provide a noteworthy exception. At least seven
saline for most uses. In the southeastern part of the springs in the park flow at rates greater than 500 gallons
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per minute, and a hundred or more other spngs have CHANGES IN GROUND-WATER LEVELS
smaller flows. Much of the spring water has a tem-
perature higher than I 50F. In some localities, difficulties in meeting municipal

demands from ground-water sources already have been

GROUND-WATER WITHDRAWALS experienced. Many long-time irrigators in upland areas
are beginning to be concerned about evidences of
progressive water-level decline. As use of ground-water

An accurate computation of annual ground-water resources continues to increase, concern over the ade-
pumpage'in the Missouri River Basin would require an quacy of supplies will increase. Areas of the Missouri
inventory of all large-yield wells, periodic measurement Basin in which marked water-level declines already have
of yield rates, and recording of pumping periods. So occurred are shown by plate 22. This plate shows also
tremendous an effort would be required that no such areas of pressure-surface decline and areas of marked
computation has been attempted for the framework water-table rise caused by seepage from canals and
study. applied irrigation water.

To obtain some measure of the quantity of ground Conern has been expressed in several parts of the
water pumped annually and to determine the rate of basin titat ground-water withdrawals will cause a reduc-
increase in the use of ground water, each District office tion in the base flow of streams. Such concern is
of the Water Resources Division of the U. S. Geological justified only if pumping from wells intercepts water
Survey was requested to estimate annual pumpage, by otherwise destined to be discharges into a stream or
counties or groups of counties, for three different 5-year causes an ordinarily effluent strear to become influent.
periods. Summarized by states, these estimates are Evapotransriration, in areas of shallow water table,
shown in table 21. accounts for such a large fraction of total natural

ground-water discharge that ground-water withdrawals
are much more likely to effect a decrease in discharge
to the atmosphere than to stream flow. Furthermore,

Table 21 - USE OF GROUND-WATER RESOURCES because ground-water movement is so slow, heavy with-
State Annual Pumpale in Acre-Feet drawals are more likely to result in a local lowering of

(Misri Basin Pol iou) 1951-55 1956-60. 1%1- water levels than in a significant lessening of the hy-
Colorado 578,300 563,300 731,100 draulic gradient toward a natural discharge area several
Iowa 54,600 87,100 87,100 miles distant. Generally speaking, streamflow is likely to
Kansas . 423,000 538,000 956,000 be most affected by pumping from wells in localities
Missouri 89,900 101.900 109,700 where sites of large withdrawals are close to streams.
Montana 100,500 103,700 117,500
Nebraska 794,200 1,548,000 1,780,000 Despite the large total ground-water withdrawals to
North Dakota 5,100 10,600 17,900 date,, the quantity of ground water now in storage
South Dakota 68,100 79,300 94,600
Wyoming 101,000 114,500 118,000 probably is nearly as great, and in some localities even

Mi souri Basin 2,214,700 3,146,400 4,011,900 greater, than when the first well was dug. Seepage from
streams, particularly at times of high flow or flood stage,
has replaced much ground water pumped in vallevyareas,
and seepage of water diverted for irrigation has added

If the values in table 21 are approximately correct water to storage. A notable example of the latter is the
and the rate of increase during the 15-year period is large mound of water beneath a par..i.he area supplied
projected, a reasonable estimate of average annual irrigation water by the Central Nebraska Public Power
pumpage at the 1970 stage of development is about and Irrigation District in Nebraska. Less well docu-
5.3 million acre-feet. The approximate current distri- mented is the buildup of the water table beneath terrace
bution of withdrawals, expressed in acre-feet per square lands in the Platte River valley due to recharge from
mile of aquifer extent, is shown by plate 21. irrigation beginning late in the last century.
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CHAPTER 8

WATER QUALITY

WATER QUALITY AND be determined also that the available supply is suitable

ENVIRONMENT for the use intended.
Each use of water alters its quality, sometimes

significantly. Where water supply is limited, therefore,
The quality of either surface water or ground water is planning must include determination of the effect of

largely the product of the environment in which the intended uses on the suitability of the supply to
water exists. Pure water is practically unknown in continue to meet already existing uses.
nature. The substances which determine water's chemi-
cal and physical characteristics and which define its WATER QUALITY CRITERIA
quality have many sources. Since water is a solvent, it
dissolves and carries in solution certain materials derived A rather complete discussion of criteria by which
from the soils-and rocks over which it flows or through w ater iy labe dgdarsin te ep ofwhic itperolaes.Sine fowin waer as he apaity water quality -lay be judged appears in the "Report of
which it percolates. Since flowing water has the capacity the Committee on Water Quality Criteria," April 1,
to carry other materials in suspension, flowing streams 1968, published by the Federal Water Pollution Control
transport sediments and wastes brought to them by Administration, U. S. Department of the Interior. A

overland runoff. The quantities of these materials that distation U. S.ite patme nt oflthe to A
affect water quality often are increased by man's use of discussion of criteria specifically applicable to drinking

water appears in the "Public Health Service DrinkingWater Standards, 1962", published by the U. S. Depart-

ment of Health, Education and Welfare.
SIGNIFICANCE OF WATER QUALITY Water quality criteria for the Missouri Basin compre-

hensive framework study were adopted to judge the
Quality of water is vitally important in planning for suitability of available supplies for a specific purpose or

water resources development, for it is quality that group of purposes. These criteria are considered sub-
determines the suitability of ant available water supply sequently in this appendix in connection with hydro-
for a: intended use. Water quality characteristics are logic analyses of framework plans developed for 1980,
numerous and varied, and quality requirements vary 2000, and 2020. The states of the basin have adopted
with intended use. Water suitable for one specific use water quality standards for the protection and enhance-
may be entirely unsuitable for another. It is not enough, ment of water quality. The general range of these values
therefore, to deteimine that water is available. It must and those used in the framework study are as shown.

Maximum or Range of Framework
Measure Minimum Limit Unit State Values Study Values

Dissolved Oxygen Minimum mg/l
Cold-water fisheries 6 or 7 7
Warm-water fisheries 5 5
)onicstic 3 or 4

Industrial 3
Total Dissolved Solids Maximum mgll 500 to 1.500

Domestic 500 to 1,000
Agriculture 700 to 1,500

Temperature increame Maximum Degree F. 5
Cold-water fisheries 0 to 5
Warm-water fisheries 0 to 10
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SUBSTANCES THAT AFFECT where certain diseases are already present. The effect of
WATER QUALITY chlorides on aquatic life is highly variable, with some

species of fresh-water fish being harmed by relatively
Substances that affect the quality of water in the minor concentrations while others are able-to tolerate

Missouri Basin are numerous. The more common and the relatively high concentrations. Chlorides in irrigation
more significant of these are described briefly in the water generally are more harmful to plants than are
following paragraphs, and their effects in connection sulfates. The specific chlorides present, however, parti-
with the various uses of water are discussed. cularly with regard to sodium, are more significant in

irrigation than are the concentrations in chlorides. Most
Total Dissolved Solids industrial processes can tolerate on!y relatively low

chloride concentrations, but the tolerance varies widely
Dissolved solids are salts in solution. Most commonly from industry to industry.

in the Missouri Basin, these are carbonates, bicarbonates,
chlorides, sulfates, and phosphates of calcium, mag- Calcium and Magnesium
nesium, sodium, and potassium, with traces of other
chemicals. Water quality is affected more significantly Calcium and magnesium are the elements most often
by the specific chemicals present than by the total responsible for so-called hardness in water, although
quantity of dissolved solids. Nevertheless, there is an other elements also cause hardness. Sources are both
upper limit for total dissolved solids concentration natural, when water comes into contact with soil and
beyond which wa:er becomes unpalatable, has undesir- rock formations containing the salts of these elements,
able physiological effects on both people and animals, and man-made, when industrial wastes containing these
adversely affects-aquatic life through osmosis, is unsuit- elements are disposed of in streams. Water with reason-
able for irrigation use, damages industrial equipment able concentrations of these substances probably is not
through scaling and corrosion, and adversely affects the harmful to people or to animals.
taste and color of finished food products when such The salts that produce hardness in domestic water
water is used for processing. supplies, however, affect the quality of foods cooked in

such water, cause excessive soap consumption, and result
Sulfates in excessive formation of scale in heating equipment, in

pipes, and on utensils. Excessive amounts of these sales
Sulfates in water are deided naturally from the also are harmful in many industrial processes.

dissolving action of water on gypsum and other common
minerals. They are also among the wastes discharged Nitrates
from certain industrial processes. Some sulfates are
relatively insoluble, but the sulfates of sodium, po.
tassium, and ammoniurn are highly soluble. In sufficient Nitrates are utilized by plants as nutrients. Since they
concentration, sulfates make water unpalatable and such are produced by aerobic stabilization of organic nitro-
water may have a laxative effect on new users. In gen, they may occur in undesirable concentrations in
concentrations which vary with the specific sulfate surface waters containing organic wastes that have
compounds, waters containing them may be harmful to undergone natural purification or aerobic treatment
aquatic life. Sulfates in irrigation water in high con. processes. They also may occur in undesirable-concen.
centrations may cause precipitation of calcium and may trations in ground waters or surface waters as the result
in themselves be harmful to plants. Sulfates increase the of leaching from waste-treatment facilities and feedlots,
corrosive action of water on concrete and they form or as the result of application of fertilizers in agricultural
hard, adherent scales on heat-transfer equipment. areas. Water containing excessive concentrations of

nitrates has undesirable physiological effects on humans,
Chlorides particularly infants. Excess concentrations of nitrates

also make water unsatisfactory for use in many indus.
Chlorides most often affecting water quality are those trial processes, and are in part responsible for nuisance

of sodium, calcium, and magnesium. Natural sources of' aquatic weed growth whichl may cause taste and odor
chlorides are leaching from soil and rock formations and problems.
erosion of soluble chloride salt deposits. Chlorides used
in agriculture and industry are also often the source of Other Chemical Substances
chlorides in water, Brine associated with oilfield opera-
tions is a particularly significant industrial source. Other chemical substances, less connon anid less
Chlorides in concentrations which do not make water widespread, also affect water quality. Fluorides, found
unpalatable generally are not harmful to people except in ground water in some areas of the basin, are believed
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to be beneficial in low concentrations. Permissible upper AObIOu Orwiums
limits of from O.8 to;I.7 mg/I have been recommended
in the USPHS Drinking Water Standards depending on Bacteria have been used as indicators of the sanitary
the annual average of maximum daily air temperatures quality of water since 1880 when E. coi and similar
for the locale. As concentrations increase above these organisms were shown to be normal inhabitants of fecal
recommended limits, various physiological effects are discharges. This group includes organisms that vary in
evidenced with the level of toxicity to humans being biochemical and serological characteristics and in their
about 180 mg/I. Neither fluorides, iron, nor mana- natural -sources and habitats, such as feces. soil. water,
ganese, in the concentrations normally found in the ind vegetation.
basin, adversely affect the use of water for irrigation. Because the sanitary significance of the various
Water containing boron in higher concentrations, over members of the coliform group derives from their
30 milligrams per liter, has undesirable physiological natural sources, differentiation of fecal from nonfecal
effects on people. Ingestion of large amounts of boron organisms is important in the evaluation of raw water
can affect the central nervous system, and protracted quality. Fecal coliforms are characteristically inhabitants
ingestion may result in a clinical syndrome known as of the intestines of warmblooded animals. Members of
borism. While boron is an element essential for plant other coliform subgroups may be found in soil, on plants
growth, even concentrations as low as I milligram per and insects, in old sewage, and in waters polluted some
liter may be injurious to some plants, since boron tends time in the past.
to accumulate in the soil with continued application of The objective of using the coliform group as an
such water. Most other chemical substances affect such a indicator of the sanitary quality of water is to evaluate
limited portion of the basin's water supply or occur in the disease-producing potential of the water. To estimate
such limited concentrations that they are not of major the probability of pathogens being contributed from
significatice as determinants of water quality, feces, the coliform and fecal coliform content must be

quantified.
Fecal coliform organisms may be considered as

Sediment indicators of ecent fecal pollution. It is necessary to
consider all fecal coliform organisms as indicative of
dangerous contamination. Moreover, no satisfactory

The sediment content of water is-primarily the result method is currently available for differentiating between
of the natural process of erosion. This process, however, fecal organisms of human and animal origin. However
is accelerated by some agricultural practices, by some some diseases can be transmitted to man from animals
construction activities, and by some industrial and and consequently fecal organisms froni animal origin are
municipal activities. Sediment constitutes the greater of importance also.
part of the suspended solids in most streams. Settleable In general, the presence of fecal coliform organisms
solids may be of value in water treatment processes, but indicates recent and possibly dangerous pollution. 1 lie
high concentrations increase the cost of treatment. An presence of other coliform organisms suggests lesg recent
excess of settleable solids in natural streams and lakes pollution or contributions from other sources of non-
may blanket the bottoms to such an extent that fecal origin.
fish-spawning grounds are destroyed and food organisms In the past, the coliform test has been the principal
are smothered. Sediment is generally undesirable in criterion of the suitability of raw water sources for
water for municipal or industrial use. It is generally public water supply. The ifcrease in chlorination of
undesirable also in waters used for recreational activities sewage treatment plant effluents distorts this criterion
of a body-contact nature. In reservoirs, sediment de- by red-ichig coliform concentrations without removing
position causes a depletion of reservoir storage capacity. many other substances which the water treatment plant

is not well equipped to remove. It is essential that raw
water sources be judged as to suitability by measures and

Radioactive Material criteria including, but not solely based on, the coliform
organism concentrations.

Radioactive material may be introduced into surface
waters from both natural and man-made sources. Radio. Municipal Sewage
active contamination of water to any degree is unde.
sirable, regardless of the water use. Although radioactive Mumcipal sewage is a diluted mixture of the many
contamination has not been a problem in the Missouri wastes from the household. commercial, and industial
Basin to tie present time, problems may develop in the activities of the conmmunity. Organic matter is normiallv
fIuture. tie principal ingredient of'inunicipal wastes insofilr as
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effect on water quality is concerned. Where extensive objectionable in municipal water supply and is un-
industrial activity is present, however, the volume.and desirable in water used for certain industrial processes.
great variety of industrial wastes also may have a major The principal effect of color in water, however, is
effect on water quality. That portion of municipal aesthetic.
wastes attributable to widespread use of hard detergents
and other household chemicals has a particular effect on
water quality since these wastes are not removed by Taste a Oor
conventional sewage-treatment processes. The newer Disagreeable taste and odor in water are associated
biodegradable detergents are removed in the secondary with the presence of any of a great variety of objec-
biological sewage treatment process. tionable substances, particularly living microscopic or-

ganisms or decaying vegetation, including weeds.
Agriultural Wastes bacteria, fungi, antinomycetes and algae, decaying oi-

ganic matter, sewage, and industrial waste products.Agricultural activities contribute many types of waste Proble ms of taste and odor are very complex because the

to the basin's streams. The most apparent effect of senses of taste and smell are intimately related and their

agricultural wastes on water quality is the increase in responses are often difficult to differentiate clearly. in

sediment over that produced- under natural conditions. addition, it is frequently difficult and sometimes i.

Other effects, however, are also significant. Natural possible to identify the specific cause of a taste or odor,

runoff from agricultural areas leaches agricultural chem- because many substances can produce what appears to

icals, including fertilizers and pesticides, from the soil. be the same effect or because mixtures of substances I
Fertilizers washed into streams increase available nu- may be involved. Odor and taste problems may be

trients and cause undesirable growth of aquatic plants. aggravated by the impounding of water or by the

Pesticides and herbicides washed into the streams build settlement of suspended solids, resulting in trapping of

up toxic concentrations which affect the biota of the decaying matter on lake or stream bottoms.

receiving waters. Waters free of taste and odor nuisances are desirable

Surface runoff from barnyards and feedlots carries for drinking and domestic use, industry, irrigation, fish

organic materials and large numbers of bacteria into the pr in, and retion. in able tate and

receiving streams. Limited available data indicate that, odor are particularly undesirable in water used for

following each rise in stream turbidity, there is usually a drinking, domestic purposes, beverages, dairying, dis-

measurable decrease in oxygen concentrations and a tilling, ing, ng, and foodprocessing industries.

considerable increase in coliform organisms in the

receiving streams.' The current practice of feeding large
numbers of cattle in small, confined areas is increasing Turbidity
the pollution problems caused by agricultural wastes. It
is estimated that gross organic waste load from animal Turbidity of a water sample is measured by the
feedlots in the year 2020 will have a population extent to which the intensity of light passing through it
equivalent nearly eight times as large as the human is reduced by suspended matter. Turbidity of water is
population at that time. attributable to suspended and colloidal matter, the

Irrigation practices also adversely affect water qual- effect of which is to disturb clearness and diminish the
ity. The consumptive use of water by evapotranspiration penetration of light. Turbidity may be caused by
increases the salt concentrations in irrigation return microorganisms or organic detritus, silica, or other
flows. In some areas, the increase in total dissolved solids mineral substances, including zinc, iron and manganese
may be great enough to limit the usefulness of the return compounds, clay, silt, sawdust, fibers, or other materials.
flows. These causative agents may be the result of natural

erosion processes or they may be the result of domestic
sewage disposal or disposal of wastes from various

OTHER CHARACTERISTICS THAT AFFECT industries such as mining, dredging, logging, and others.

WATER QUALITY Temperature

Color
Temperature of water varies with seasonal changes in

Color in water may be of natural mineral or vegetable the temperature of the air and may also be affected by
origin or may be the result of man's activities. Soluble discharges from hot or cold springs, releases from water
organic or inorganic industrial wastes, agricultural drain- impoundments, and discharge of industrial wastes. Water
age, and growth of algae or other aquatic organisms all temperature is critical in certain industrial processes.
may have an effect on the color of water. Color is Sudden changes in temperature are of particular concern
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in propagation of fish and other aquatic life. Certain The U. S. Public Health Service started a surveillance
water-temperature conditions may result in algal blooms program in 1956 with the active participation of local
and taste and odor problems. agencies. The program has been maintained after the

administrative reorganization by the Federal Water
Pollution Control Administration. By 1969, 18 stations

Sludg Deposi were in operation in the Missouri Basin with limited
analyses for chemical, physical, bacteriological, radio-

Sludge deposits formed by the settling of organic logical, and biological parameters being made. Startingin

material in streams smother beneficial orginisms and 1969 an additional 37 stations were initiated, including

inhibit the spawning of fish. Anaerobic decomposition 32 by transfer of funds-from the U.S.G.S. Considerable

of the sludge deposits robs the streams of oxygen. intensive field work has been performed recently by the

Floating material, lifted by the gas produced rin de- FWPCA in specific areas. The FWPCA data are available

composition, causes odor problems and isunsightly. through the computerized "STORET" storage and re-
,. trieval system.

The State Water Pollution Control agencies conduct
intensive individual stream investigations and surveil-

Floating Material lance programs commonly involving 50 to 100 sampling
stations, in order to better evaluate quality characteris-

Floating debris, oil, and scum are not only aestheti- tics of the water resources of those basins. In addition,
cally undesirable, but these materials also clog water- many local water and waste water treatment facilities
intake screens, interfere with water-treatment processes, perform stream and/or effluent quality analyses.
impede stream reaeration, impart undesirable taste and In spite of these activities, the amount of data
odor, and necessitate extraordinary treatment before available concerning quality of surface waters in the
beneficial use may be made of the water in which they Missouri River Basin is somewhat less than desirable.
appear. They may also be evidence of putrefying organic More sampling stations and a reliable method to transmit
deposits on the stream bed. the available data are needed to provide better coverage.

Records at existing stations are not available for a period
long enough to define accurately the changing quality of
water. Data concerning the biological quality of surface

AVAILABILITY OF DATA ON WATER waters are particularly deficient.
QUALITY

Surface Water Ground Water

The U.S. Geological Survey, in cooperation with the
basin states,-has conducted investigations of the quality The ground-water resources of many areas in the
of surface waters in the Missouri River Basin. Itbegan Missouri Basin have been investigated in connection with
publishing annual records of chemical quality, suspended numerous Federal and State programs, but most inves-
sediment, and water temperature, for surface waters, in tigations to date have been, in large part, of a recon-
1941. More recently, some of the basin states have naissance nature only. Usually, more than a cursory
become more active in this field. The state of Kansas, for examination of chemical quality was made only where
example, has participated since 1961 in an expanded the groundwaters involved were determined to be
cooperative quality-sampling network which now con- adequate in quantity for domestic supplies or irrigation.
sists of 77 stations, of which seven aie sampled daily, 64 Often, investigations were co, .erned primarily with the
are sampled monthly. and six are sampled quarterly. quantit', of ground water available, with quality a
Five stations are equipped with continuous conductivity seconda a ) consideration. In many instances, quality
meters. In addition, Kansas conducts intensive investi- investigations were limited to determinations of specific
gations in individual stream basins, commonly involving conductance, Generally, investigations for determination
50 to 100 sampling stations, in order to better evaluate of changes that may have occurred in quality since
the quality characteristics of the water resources of development of specific ground-water supplies have not
those basins; and it is conducting a special investigation been made unless problems developed because of exces-
to evalutate the quantity and quality of irrigation return sive pumping.
flow. As other examples, Wyomnhg participates in a Some iiprovement s beitg made in the development
cooperative program to investigate the quality of bothl of data on water quality, For the most part, however,

stirface-water and ground.water supplies, and Montana is the amount of data currently available concerning
expanding its investigations of surface-water quality, ground-water quality -s less than desirable.
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EXISTING QUALITY OF SURFACE WATER dissolved solids. Water containing mostly bicarbonates or
chlorides tends toward the lower factor while water

Piemntation of Quaity Db containing mostly sulfates or silica tends toward and
sometimes exceeds the upper factor. Data concerning
specific conductance is most useful in connection with

The vast size of the Missouri Basin and the con- determination of the suitability of water for irrigation.
sequent range that exists in the parameters of water By itself, it provides an approximation of the concen-
quality make impracticable, within-the space limitations tration of total dissolved solids. When the concentration
inherent in a report appendix of this nature, a detailed of total dissolved solids is also known, specific conduct-
presentation of all of the available data concerning ance provides a clue to the nature of the salts involved.
quality of surface waters. Basin-wide graphic presenta- Plate 25 shows the sodium-adsorption ratio for
tion of data pertaining. to all -of the parameters of surface waters. The sodium-adsorption ratio expresses

surface-water quality is impracticable because of the trae ativit o sodium ion eangexrecio

limitations that exist in the-data available. Further, some with soil, and is an index of the sodium or alkali hazard

of the parameters of water quality are primarily of local, to soil if the water involved is used for irrigation. Soils

rather than basin-wide, significance. Accordingly, it-has h i i eh e a e o diu e wr slowly,.cris
beenconlude tht mp prsenatin ofdat on high in exchangeable sodium take water slowly, crust

been concluded that map presentation of data on when dry, become sticky when wet, and are generally
existing surface-water quality should be limited to five undesirable for agriculture. This condition can be devel-
parameters of basin-wide significance, two primarily oped or aggravated by irrigation with waters having a
indicators of the suitability of water for irrigation and high sodium-adsorption ratio and can be prevented or
other three primarily indicators of the suitability of rreversed by irrigation with waters having a low sodiml-
water for domestic or industrial use. Available data adsorption ratio. In judging the suitability of water
concerning other parameters of surface-water quality are for irrigation, the sodium-adsorption ratio should be
described in subsequent text discussion of surface-water used in conjunction with specific conductance, for a
quality in each of the subbasins into which the Missouri higher sodium-adsorption ratio is tolerable in waters with
Basin was divided in connection with the comprehensive a low specific conductance than in waters with a high
framework study. specific conductance.

Plates 26 and 27 show the respective sulfate and
Basin-Wide Maps of Surface-Water Quality chloride concentrations in surface wi .s. Aside from

the significance of these constituents as discussed in
Basin-wide maps of surface-water quality have been previous paiagrphs, the presence of one or both is an

prepared for the parameters of total-dissolved-solids indicator of the suitability of water for domestic or
concentration, specific conductance, sodium-adsorption industrial use.
ratio, sulfates concentration, and chlorides concentra-
tion. The maps are somewhat generalized and in small Upper Missouri Subbasin
areas, local quality characteristics may vary slightly from
those shown. The inaps are described in greater detail The headwaters of most of the upper Missouri River
below. tributaries are in the Rocky Mountains. The streams

Plate 23 shows total-dissolved-solids concentrations in originating in and flowing through the mountainous area
surface waters. The significance of total dissolved solids generally have stable flows sustained by snowmelt and,
has been discussed in previous paragraphs. The concen- in many instances, by regulated storage. These streams
tration of total dissolved solids is one indicator of the run clear except during spring runoff or occasional
suitability of water for domestic or industrial use. It is isolated rainstorms. Except in the mountainous areas,
also of value as an indicator of the suitability of water much of the Upper Missouri Subbasin is seni-arid with
for irrigation use. precipitation usually ranging between 10 and 20 inches

Plate 24 shows the specific conductance of surface per year, much of it falling in the form of snow.
waters. Specific conductance is a measure of the ability Streams in the mountainous areas tend to be low in
of water to transmit a small electric current. The more dissolved solids and relatively free of mineral salts. The
dissolved solids in water that can transmit electric quality of surface waters is generally good throughout
current, the greater the specific conductance of the the subbasin. Physical, biological, and chemical param-
water, Specific conductance is approximately propor- eters of quality are generally within limits which make
tional to the concentration of total dissolved solids but the water suitable for most uses. Most of the area, when
varies with the nature of the dissolved solids. The factor judged by stream-bottom organisms, exhibits favorable
to convert specific conductance in micromhos to total ecological conditions. Regulated storage has greatly
dissolved solids in milligrams per liter ranges from about reduced the amount of natural sediment in many
0.50 to about 1,00 for ordinary concentrations of streams of tile subbasin.

108



*"a N

amm

LOATO MAP.

Ml$$071 JJVERBASI



- -_____ ______ CANADA
- UNITED SAES

-. DL?2kOVER 4

50.

5OE

110
F MISSURI



L E G E N D

POPULATED PLACES

OVER 119.999 POP. (1960)

10,000 TO U9.999 POP. 11960)

2,500 TO 10.000 POP. (1960)

AREAS WHERE SURFACE WATER HAS DISSOLVED-SOLIDS
CONCENTRATIONS IN MILLIGRAMS PER LITER (HILI IN

THE RANGES SHOWN BELOW. ALTHOUGH VALUES ARE EXTENDED
THROUGH EXISTING RESERVOIRS, THESE VALUES 00 NOT

NECESSARILY REPRESENT THOSE FOR THE IMPOUNOED WATER.

LESS THAN 200 MG)L

N

500 - 1000 MG/L

I 1000 2000 M,GL

2000 - '000 GL

WA

'o 

so 
200

I JUNE 1969

Ali

TOTAL DISSOLVED SOLIDS
IN SURFACE WATER

Aot

"0~COMPREHENSIVE FRAMEWORK STUDY

____--)T MISSOURI RIVER BASIN
. -" -- MISSOURI BASIN INTER-AGENCY COMMITTEE

PLATE 23



400

INE
LOAIO A

BAII S



UNITEO STATES

POPUWAXED PUI

OVER zgx

'9 

0.000 TO I

2.500 1o'IU

EXISTINLi LESS Inv so

301,J 1 09

INI

OIL

03

OF'G

0 COMM

a M IS



L . P LEGEND
. POPULATED PLACES

OVER169999 OP.(1960)

10.000 T0 119,999 POP. (1960) 0

2.500 TO 10.000 POP. (1960) 0

AREAS WERE SUFACE WATER WAS SPECIFIC CONDUCTANCE 10"mICIIOS PER CENTIMT(IIR At 250C W1II TPIE RANGES
SOwll ILON. ALTHOIIGN VALUES AiE EXTENOEI TOUI
EXISTING RIESEIVOiRS. TPIEs VALUES DO N0! NCESSARILY

REPRESENT THOSE FOR THE IMPOUMOED WATERt4
LESS TIMA 500 NICRIOOS0C4

500 1000 ,mCROkOS/C4-
k ' " t' 000 -2000 MICROMHOSCR.

~2000 -3000 MICROMHOS 'M

3000 4000 MICRO9AOS'C!!

o" S I COND.OUC

" COMPREHENSIVE FRAMEWORK STUDY

, ,,+,., .... ++-,MISSOURI RIVER BASIN
MISSOURI BASIN INTER-AGENCY COMMITTEE

,.- PLATE 24



YO IN,

400

400

lotm

_ _ _ _ _ _ _VIVO

LOCATION MAP Y

' MISSOURI ROVER BASIN "f



CANADA
UNITED SAEs

2.500 ii

IrI

.. .......

0 
in Mic0

LAW~S IM

A"W3

NEBfS SO

too"I
-- MItu

Mi SULLT



POPULIATED PLACES

OVER 49.11 POP. 11960)

10.000 10 49.999 POP, (1260)0

1~~ 2.500 TO 10.000 POP. (1060)0

AREAS WPO(3( THE SOCIUM.0SNMTIU RATI0 ISAR)
OF SLI~tACE WATER HAS VALUIES WITHIN THE RANGES

$*W1 LU ALTHOUGH VALUES ARE E(11035WE

p 8 - 10

Is MORE THAN 10

0

OT

JUE16

~~Ply

MISSOURI, RIVER BAI

OF SURFACETWATE
SJ



LOCATION MAP

MISSOURI~ RIV SI



....... CANADA
UNITED STATES

25

0ma lEG t

UT DAKM

MI A,
MIS0,



-- POPULATED PLACES

"VEn w,9w OP. (1960)

10.000 T0 49.9 POP. (I960)0

2.500 TO 10.000 "OP. f19601

AREAS WHERE SUIRFACE WATER PANS SULFATE CONCENTRATIONS
14 MILLIGRA"S PER MIEN (061 so To[ RANKES SNOW

RESER AIS. rOESE VALUE 00 1S0T UECESSARILY REPRESENT

TI.OSE FOR TOE IMOPOUNDOED WATER.

LESS THAN 250 161L

250 -50 HB'L-

50 - 100 M611.

SOE THAN 1000 MGIL-

IS 0

JU E16

, %

IN SURFACE WATER

I atoCOMPREHENSIVE FRAMEWORK STUDY

________--MISSOURI RIVER BASIN
MISSOURI BASIN INTER-AGENCY COMMITTEE

____I I PLATE 26



LOQCATION MAP

MdISSOURI R/VCR WAIN --



CANADA
UNITED STATES

SOT- DAM

*a

sow

*IAL PALL

LAWU
MEIM .~,' 5

i,~I - Q

CLR LAIo0

_ _ _ _ _ _ _ _ _ _ co

a umf FS
£~mt lit.-.-



WOWED1[ PLACES
OVER 49,999 POP (1960)

10,00 TO W9"9 POP. (960) 0

2.6O06 TO 10.000 POP, 14960)

AREAS ONEAE SUWfACE UATIR IA% SVLFATE CONICENTRATIONS

1 9I wtLL fGRAMS ?1.R Ihi IPI TER 1 0i Tot PAWSES SRO.W
JIELCH. ALTHOOGH VALUE APE EXTENDED THROUGH EXISTIIOGj RESERVOIRS. THESE VALVES ARE NlOT NECESSARILY REPRESEPICA-

TIVE Of TRE IPOUNDED HATER.

Ii11 LESS THAN 1WO K L

150 - 250OMSL-

MORE THAN 600 140'L

0

JUN( 3969

CHLORIDES
IN SURFACE WATER

MISSOURI RIVER BASIN
MISSOURI BASIN INTER-AGENCY COMMITTEE

PLATE 21



Although, the quality of surface waters is generally changes to a sodium-sulfate type and lie dissolved.solids
good, some pollution problems do exist. bothlocalized concentration is further increased, reaching 700 mili-
and basin-wide. They involve the undesirable physio- grams per liter at the river's mouth. Downstream from
logical' effeets on aquatic life and the aesthetic degrada. the mouth of the Bighorn River, the Yellowstone River
tion which result from oxygen depletion, turbidity, and and its principal tributaries have- a sodium-sulfate water
floating solids associated with municipal wastes, irriga- with total dissolved solids in-the 250500 milligrams per
tion return flows, feedlot runoff. mining, and some liter range.
other industrial activities. Turbidity problems usually are Although the chemical quality of the surface waters is
of a teniporary nature, with -the streams eventually good and although new treatment plants now control
returning to normal; but when channels are dredged, pollution in some previous problem areas, localized
unstable conditions may persist for some time. pollution problems still exist. Wastes from sugar beet

Pollution problems exist as a result of the discharge prcessing, oil refining, and meat packing have adversely
of inadequately treated municipal and industrial organic affected reaches of the Yellowstone River below
wastes in the Milk River below Havre, Chinook, Harlem, Livingston, below Billings, and below Sidney. Monr.
and Glasgow, Mont: in the Poplar River below Scobey, Packing-plant wastes at Riverton and beet-refining wastes
Mont; and in the Gallatin River below Bozeman,,Mont. below Worland have adversely affected the Bighorn
Incieased sediment loads and increased mineral concen- River.
trations resulting from irrigation return flows are indi- Irrigation, feedlots, over-grazing of range land, and
cated in the lower Gallatin River and in the Milk River. new industrial development are also large contributors to
Excessive turbidity resulting from other agricultural stream pollution in this subbasin. The problems involved
piactices is in evidence in the Sun River. The Milk River are complex and satisfactory solutions are not yet
above Chinook is only one illustration of undesirable apparent.
stream conditions caused byrunoff front cattle feedlots.

Western Dakota Subbasin
Yellowstone Subbasin

The Western Dakota Subbasin, an area of some
The topography of the Yellowstone Subbasin is 50,000 square miles, is drained by the Little Missouri,

characterized by mountain ranges and rugged hills.Great Cheyenne, Grand, and White Rivers and some lesser
variations in elevation contribute to a substantial range streams. Most of the streams rise at relatively low
of climatic conditions. In the upper, or mountainous, elevations. Highflows occur when the plains snow melts
portions of the subbasin, streams are generally cold, during the spring and after infrequent periods of
clear, and low in suspended and dissolved solids. After excessive rainfall at other times. Annual precipitation
the streams emerge from the mountainous areas, how- averages about 18 inches, but annual runoff averages less
ever, they flow through an area of badlands and plains, than I inch. Except in the-Black Hills area, most streams
The waters become warmer and accumulate greater are intermittent. They traverse areas with rocks and soils
quantities of suspended and dissolved solids. Erosion is that contain many soluble salts. Much of the area is
active here because the limited and erratic precipitation readily erodible, and sediment concentrations in the
supports only a sparse vegetative cover for the soils. Soils subbasin streams are comparatively high.
derived from soft sedimentary iock are prevalent, and Water quality in most of the streams is poor,
they contain appreciable amounts of the more soluble primarily because of the natural conditions described.
mineral salts, particularly sulfates of calcium, magne- Salts leached from the land cause the water in many of
sini, potassium, and sodium. Precipitation and applied the subbasin streams to be highly mineralized. An
irrigation water dissolve these salts, and runoff and exception. is the Black Hills area, where the natural
irrigation return flows transport them to tie stream chemical quality of the water is good but mining and
channels, smelter opt ,.,ions have seriously degraded the nacm al

Dissolved solids concentrations, however, are gener- quality of some streams.
ally within a range which imposes few restrictions on use The Little Missouri. Moreau, and Cheyenne rivers and
of surface waters. Above the mouth of the Bighorn the upper reaches of the Ileart, Cannonball, and Grand
River, the Yellowstone Riverhas a calcium-bicarbonate rivers have sodium-sulfate waters with total dissolved
water with less than 250 milligrams per liter of dissolved solids in the I,000.to 2,000 milligrams per liter range.
solids. The Wind River has a calcium-bicarbonate water The Knife River and the lower reaches of the lleart.
with low concentrations of dissolved solids in its tipper Cannonball, and Grand rivers have dissolved solids
reaches- but farther downstream, this changes to a concentrations in the 500 to 1,000 milligrams per liter
c,mc .uni-silfte water with a greater concentration of range.
dissolved !.olids, reaching 500 milligrams per liter at The ('heyenne River traverses a diversified areaI- 1~yen Dam. Within the 1Bighorn River, tie water surrounding tihe Black I lills. where exposed rocks belmg
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to the Cretaceous Age. Total dissolved solids range from to the generally small streamflow, cattle feeding and
1,000 to 2,000 milligrams per liter in tile waters of the pasturing operations, and municipal waste discharges.
main stem and lesser tributaries and from 2,000 to 4,000 Receiving streams generally do not have sustained flows
milligrams per liter in the Belle Fourche River, principal sufficient to properly dilute the wastes from these
tributary of theCheyenne River, where the water is of a operations. The situation will improve with provision of
calcium-sulfate type. Ground-water accretions and higher degrees of treatment for these wastes. It is
runoff from the shale hills contribute to the mineraliza- doubtful, however, that the low. erratic streamflow can
tion where tile Belle Fourche River skirts the Wyoming adequately assimilate even properly treated wastes.
extension of the Black Hills downstream from Keyhole Localized pollution problems exist on the James

Dam. Return flows from irrigation and wastes from River below Oakes and Ellendale, N. Dak.. and below
mining operations contribute highly mineralized water. Warner, Brentford, Melette, Ashton, Frankfort, Dolan,

Pollution problems caused by organic loadings are Artesian, Mount Vernon, Mitchell, Bridgewater, Menno,
evident or are suspected in the Little Missouri River and Lesterville, S. Dak.; and on the Big Sioux River
below Marmarth, N. Dak.: in tie Belle Fourche River below Watertown, Flandreau, Colman. Dell Rapids,
below Spearfish. Nisland, Deadwood, Lead, and Vale, Sioux Falls, Corson, and Hudson, S. Dak., and below
S. Dak., in the Cheyenne River below Hot Springs, Hawarden, Akron, Doon, Ashton, George, and Sibley.
Custer. and Keystone, S. Dak.; and in the White River Ia. Treated organic wastes discharged from. packing
below. I larrison. Nebr. planits on the Big Sioux River result in the principal

Waste uischarges from mining and processing of gold, industrial pollution problem in tile s&!basin.
uranium, and beryllium in the Black Hills contribute
additional dissolved solids and cause color and turbidity, Platte-Niobrara Subbasin
all of which interfere with fish propagation and ad-
versely affect the aesthetic quality of the streams. One The Platte and Niokrara rivers drain an area of about
stream system has been reduced to a virtual biological 102,000 square mi!¢ ia Colorado, Wyoming, South
desert and there is some question whether parts of it can Dakota, and Nebraska. TIhe subhasin,'acludes portions of
ever be reclainied. Irrigation return flowshave become a the eastern slope and foothills of the-Rocky Mountains,
problem in some areas~because of the dissolved solids the high plains, the Sand Hills ofnorthern;Nebraska, and
carried by return flows to receiving streams. the broad, flat valleys of the Great Plains rising to gently

sloping uplands. About two-thirds of the land in this
Eastern Dakota Subbasin subbasin is classified as pasture and range land; about 29

percent is cropland.
Tile Eastern Dakota Subbasin is drained by tile Janies One of the major problems of the subbasin is the

River, the Big Sioux River, and several lesser streals.]in imbalance in distribution of precipitation and runoff.
some of the area drainage is poorly developed. Lakes, Except for the high-mountain areas, the western portion
ponds, and marshes are common. In many tributaries of the subbasin has very deficient rainfall. Ground water
flows are intermittent with long periods of little or no is heavily relied upon for municipal, industrial, and
flow. agricultural water supplies.

Available data indicate that the chemical quality of The chemical qiality of surface waters in the sub-
tile water is good in tie headwaters reaches of tile basin is generallygood. Successive reuse for irrigation,
s, hbasin streamis but becomes of poorer quality as the however, may present problems in some areas. Increasing
waters move downstream. The James River and the Big use of fertilizers has caused appreciable concentrations
Sioux River ill its upper reaches have a predominatcly of inorganic plant foods in the streamis and impound-
sodium-calcium-bicarbolnate type of water with total ments of the middle and lower portions of the subbasin.
dissolved solids in the 250 to 500 milligrams per liter High bacterial densities and severe oxygen depletion are
range. In the lower reaches of the Big Sioux River the widespread.
watei has slightly more sulfate than bicarbonate, and The headwaters of the North Platte River system
total dissolved solids are in tie 500 to 1,000 milligrams generally have a calciulm-carbolate water with total
per liter range. dissoived solids of less than 250 milligrams per liter. All

The bacterial quality of the surface waters in this increase in sulfate is caused by return flows from
subbasin is generally poor. However, there are lelatively irrigation in the North Park area of Colorado and the
few restraints oIl usage. Most communities and rural area in Wyoming upstream from Seminoe Reservoir.
homes use ground water for their water supply. Ground Additional sulfate is contributed by return flows from
water is usually more mineralized but of better physical the irrigated area downstream from Alcova Reservoir.
and bacterial quality th1an are most available surface Precipitation of bicarbonate occurs in the Seminoe,
waters. Pathfinder, and Alcova reservoirs. Analyses at Capser,

Tle high bacterial densities in surface waters are due Wyo., show a preponderance of calcium sulfate, with
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total dissolved solids near 400 milligrams per liter, all commonly accepted standards for recreational use of
Mineralization is increased again by return flows from water.
irrigated lands below Guernsey Reservoir in the Sludge deposits formed fror: ttleable solids in the
Wheatland-Torrington-Scottsbluff area. Calcium and South 'Platte River have desi, '1 desirable aquatic
sodium sulfates are the principal salts, and the total- plants and animals. They also . .erfere with develop-
dissolved-solids concentration is in the 250 to 1,000 ment or use of riverside recreational areas. Pollution in
milligrams per liter range. the South Platte River also has affected shallov.,,ground-

High concentrations of dissolved solids exist in several water supplies and thus created a hazard to public
tributaries of the North Platte River above Casper. These health.
are Medicine Bow River, Bates Creek, Poison Spider Downstream from the junction of tile North Platte
Creek, Oregon Trail Drain, and Casper Creek. Tributary and South Platte rivers, the main stem of tile Platte
flows are generally of better mineral quality downstream, River, has water of a calcium-sodium-sulfate type with
from Casper. Although there is appreciable seasonal total-dissolved-solids concentrations in the 250 to 500
variation, salinity generally is relatively low. milligrams per liter range. Between Lexington and

The North Platte River is substantially free of Columbus, Nebr., the concentration increases to the 500
oxygen-consuming wastes above Casper, Wyo., and is in to 1,000 milligrams per liter range. Below the mouth of
good condition from this standpoint as far downstream the Loup River near Columbus, after dilution by tile less
as Torrington, Wyo. The Laramie River, a tributary of highly mineralized waters of the Loup River, the
the North Platte River, experiences oxygen depletion at total-dissolved-solids concentration drops again to the
times of low flow because of effluent from the oxidation 250 to 500 milligrams per liter range.
ponds at Laramie. Below Torrington, poultry and meat Bacterial pollution exists in the main stern of the
packers, mining industry, sugar mills, and several corn- Platte River throughout its length becaust.of municipal
munities- discharge inadequately treated wastes into the and industrial wastes and runoff from cattle feedlots.
North Platte River. which adversely affects water Some progress has been made in the construction of
quality, remedial works and improvement of industrial opera-

Headwaters of the South Platte River in Colorado tions, but much remains to be accomplished before
have a comparatively low mineral content of the suitable bacterial quality can be achieved.
calcium-bicarbonate type. Below Denver, with irriga. The Loup and Elkhorn river systems, both tributary
tion return flows from the Longmont-Fort Collins to the Platte River in Nebraska, discharge water of a
Greeley area, the water of the South Platte River calcium-bicarbonate type with concentrations of total
changes to a sulfate type and total dissolved solids dissolved solids less than 250 milligrams per liter.
increase to a concentration in the 1,000 to 2,000 Pollution in these river systems has caused depletion of
milligrams per liter range. Downstream from Greeley, dissolved oxygen, high bacterial densities, and deposits
irrigation return flows further increase this mineral- which have resulted in deterioration of aesthetic values
ization. At Julesburg, Colo., the total-dissolved-solids along the streams.
concentration averages about 1,500 milligrams per liter The Niobrara River also discharges a calcium-
with a predominance of calcium and sodium sulfate. bicarbonate type of watei with a concentration of total

The South Platte River below Denver and several of dissolved solids less than 250 milligrams per liter. The
its major tributaries, including the Cache la Poudre entire Niobrara River Basin is a rural area without large
River, the Big Thompson River, St. Vrain Creek, and towns or large industrial operations, In 1967, only five
Boulder Creek, sometimes contain little or no dissolved towns with populations between 500 and 3,000 dis-
oxygen. The pollution effects of wastes from municipal charged effluent from primary treatment plants to the
sewers and sugar beet refineries exceed the assimilation river. Only two small industrial plants were without
capacities of the streams, and the oxygen reserves are waste treatment, Pollution through runoff from grazing
sometimes exhiiusted, to the detriment of fish and other lands and cultivated lands is not severe. Pollution levels
aquatic life. in the streams of this river basin accordingly are low.

Severe bacterial pollution also exists in the South The upper prtion of the Niobrara River in Nebraska is
Platte River and in many of its tributaries below Denver. designated as a trout stream,
In the upper reaches of these streams, uncontroied or
untreated wastes front many resort areas are discharged. Middle Missouri Subbasin
In metiopolitan Denver, the large population and many
industries contribute to kihe bacterial concentration, Cropland accounts for more than three-fourths of the
Below l)enver, runoff from agricultural land and feedlots land use in the Middle Missouri Subbasin. Most of the
together with effluent, fmlom sugar-beet refineries. ineat. streams are comparatively small, many are intermittent,
packing plants, and fruit and vegetable canneries add to and water shortages are common.
the bacterial loading. Coliforn densities greatly exceed The chemical quality of the subbasin streams has not
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been surveyed extensively. Because the streams drain series of shales, limestones, and sandstones, all of which
agricultural areas primarily, it is possible that runoff contain relatively large amount of gypsum. This region
could cause high concentrations of nitrates, phosphates, contributes significant amounts of calcium, sulfate, and
and insecticides. Normally, however, the concentrations carbonate and some chloride to the tributary river
of inorganic salts are considered to be low. systems.

All of the subbasin streams carry heavy loads of Surface rocks in the easternmost portion of the basin
suspended sediment, and turbidity is high most of the are primarily of Pennsylvanian age, but there are fewer
time. All have experienced undesirably low levels of bedrock outcrops north of the Kansas River because of
dissolved oxygen as the result of inadequately treated loess deposits and because of the till mantle left by
wastes, low flows, and warm water temperatures. Low quaternary glaciation. Significant amounts of calcium
dissolved-oxygen levels also are experienced after heavy and carbonate enter the tributary river systems in this
runoff hasproduced high levels of stream turbidity. area. Relatively little chloride originates here.

The surface exposures of the various geological
Kansas Subbasin formations run north and south, while most of the basin

streams flow in an easterly direction. Accordingly, as the

The Kansas Subbasin covers an area of about 60,000 streams receive runoff from the successive formations

square miles. About 60 percent is in northern Kansas, they traverse, the chemical quality of their water

about 24 percent is in southern Nebraska, and about 16 changes.
percent is in northeastern Colorado. Most of the In the extreme western portions of tile Saline,
subbasin m'rea is devoted to agriculture. There is sub- Solomon, and Smoky Hill rivers, where runoff is from
stantial inditrial, development, however, in the lower areas of Tertiary and Pleistocene deposits, waters are
part of the subbasin. bicarbonate in character and of good quality except that

The quality of surface waters in the subbasin is they are usually very hard. The concentration of total
affected by mineral constituents which are of natural, dissolved solids generally ranges from 250 to 500
industrial, and agricultural origin and by organic wastes milligrams per liter. In the Smoky Hill River drainage
of both municipal and industrial origin. The basin west of Cedar Bluff Reservoir, calcium-sulfate water is
landscape is largely the product of geologic processes, encountered, probably derived from sulfurous concre-
and the natural mineral constituents of surface waters tions where the strean channels are cut into bedrock.
are closely related to the subbasin's geology. The Kansas Eastward of Cedar Bluff Reservoir on the Smoky Hill
River Basin canl be divided into four general geologic River and Webster and Kirwin reservoirs in the Solomon
regions for purposes of characterization of surface-water River Basin, the common minerals encountered in
quality, surface waters are calcium, magnesium, sulfaie, and

Quaternary deposits form the surface in much of the chloride. In the lower reaches of the Smoky Hill, Saline.
basin. The Pleistocene loess and the soils of the and Solomon rivers, the Dakota Sandstone is a principal
Quaternary system developed on the loess are primarily contributor of dissolved minerals, mainly sodiuim and
calcareous, and they supply much of the calcium chloride. Surface waters here are highly mineralized
bmatboiate that is found in surface runoff. Alluvium during periods of low flow, with concentrations of total
ind terrace deposits are relatively small in quantity, and dissolved solids ranging from 1,000 to 2,000 milligrams
tcur effect on the composition of surface waters, per liter. Water quality in the lower Smoky lill River
thetelOre. is probably slight. Basin will be influenced in the future by operation of

Rocks of the Tertiary system are found.priniarily in Glen Elder, Wilson, and Kanopolis reservoirs and by
the western third of the basin. Water draining areas irrigation development below these reservoirs.
where the Ogallala formation of the Tertiary system is The Republican River and tile Big Blue River now
exposed is relatively high in silica and is of the have water low in mineralization, with the concentration
calcmrn-bicarbonale type. Since streamnflow is main- of total dissolved solids generally below 500 milligrams
tained almost entirly by direct runoff, it is of low per liter, and classified as of excellen t-chemical quality.
mineralization. Extensive irrigaturnt development in the basins of both

Rocks of Cretaceous age predominate in the middle streams may effect marked changes in tile chemical
third of the basin. A significant stratigraphic unit in this quality of these waters in the future.
area is the Dakota Formation, which contains zones of a The effect of the Dakota Formation on the chemical

highly saline nature. Drainage fron the Dakota Forma- composition of sireanflows is also apparent in the
tion probably supplies most of the dissolved solids, Kansas River. Higher precipitation and runoff in the
particularly chlorides, appearing in the lower reaches of lower Kansas Subbasin and the better quality of the
tie Solomion, Saline.and Smoky Hill rivers, lower subbasin tributaries result in good chemical

Surface rocks of the west half of the eastern third of quality in the Kansas River. At the mouth of the Kansas
tile basin are primarily of Permian age. They include a River, the water is of a calcium-bicarbonate type with a
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prevalent concentration of total dis..lved solids near Missouri River Main Stem
300 milligrams, per liter. On occasion, however, the
concentrations may fluctuate as much as 100 to 400 The headwaters of the Missouri River tend to be tow
milligrams per liter above this prevalent value, in dissolved solids and relatively free ofmineral salts. As

Future problems of high mineralization in the Kansas a result, water in the main stem of the Missouri.River in
River may occur, primarily as the result of inflow front its extreme upper reaches rarely exceeds 500 milligrams
the Smoky Hill- and Saline rivers. Industrial wastes also per liter in dissolved solids. It is of a calcium-bicarbonate
will increase mineral concentrations in this stream. type. Below Fort Peck Reservoir, it changes to a

Livestock wastes, silt, nutrients, pesticides,.and the calcium-bicarbonate-sulfate type. reflecting the geology
waste products of man's activities also affect water and arid climate of the intervening tributary area and the
quality in this subbasin. Some towns and cities provide precipitation of some of the calcium bicarbonate in the
inadequate treatment for sanitary sewage. In Kansas, Fort Peck Reservoir. Chemical quality is generally good
however, the state plan for water quality control and in the remainder of the river.
pollution abatement calls for correction of these situa- Pollution problems exist in the Missouri River. as a
tions by 1971. Pollution by industrial wastes should be result of the discharge of inadequately treated ,municipal
under control by 1972, by which time most of such and industrial organic wastes below all large conimu-
wastes are scheduled to be treated in municipal treat- nities. The problem is particularly acute below Great
ment plants or in plants constructed especially to handle Falls, Mont.,'Sioux City, Ia., Omaha, Nebr.. St. Joseph.
these specific wastes. Mo., and Kansas City. Mo. This pollution reduces

recreational and aesthetic values of the stream, and
interferes with soine aspects of commercial fishing.

Lower Missouri Subbasin Sporadic taste and odor problems exist in the
Missouri River between Sioux- City, Ia., and the mouth

Streams in the Lower Missouri Subbasin drain an area near St. Louis, Mo. The causes of these problens have
of about 43,400 square miles, of which about 84 percent not been fully determined.
is in Missouri, about 10 percent is in Kansas, and about 6 The Missouri River between Sioux City. Ia., and
percent is in Iowa. The Missouri River flows eastward Kansas City, Mo., is extremely high in coliforn densities.
through the middle of the subbasin, from KansasCity to This seems to be related primarily to overland runoff

St. Louis, Mo. The major tributaries in this subbasin are rather than waste discharges. However, municipal wastes
the Grand and the Chariton rivers north of the Missouri are definitely a contributing factor to high bacterial
River and the Osage-Marais de Cygnes and Gasconade concentrations below Sioux City, Ia., Omaha. Nebr.,-St.
rivers south of the Missouri River. Joseph, Mo., and Kansas City, Mo.

Little is known about the chemical quality of Low dissolved-oxygen levels are sometimes experi.
streamflow in the Grand, Osage, and Gasconade rivers. enced in the middle Missouri River following rainstorms
Waters in these streams are of a calcium-bicarbonate when heavy runoff causes major increases in turbidity.
type with concentrations of total dissolved solids aver- The depressed levels do not persist throughout the

aging less than 250 milligrams per liter. In the Little subsequent rise in streamflow, oxygen levels quickly

Chariton River, calcium sulfate is dominant and the return to normal, and they tend to approach the
concentration of total dissolved solids is about 1,000 saturation point. Evidence indicates that these oxygen
milligrams per liter, deficiencies are the result of organic loadings equal to

Throughout the subbasin. overland runoff contributes between 20 and 30 times the known municipal and
industrial loads, and that overland runoff is primarily

large amounts of silt and organic material to the streams.
Most conmunities provide good secondary treatment of responsible.
municipal wastes, but base.flow characteristics of the
streams are such that flows generally are inadequate to
assimilate the treated wastes without quality degrada- EXISTING QUALITY OF GROUND WATER
tion. In several reaches of the Osage-Marais de Cygnes.
Grand, Chariton, arid Blue rivers, dissolved.oxygen levels Presentation of Quality Data
during periods of low flow drop below values desirable
for propagation ofaquatic life. The vast size of the Missouri Basin and the con-

Bacterial contamination of the subbasin streams has sequent range that exists in the parameters of water
not been fully evaluated. Many streams, however, have quality also make impracticable a detailed presentation
high concentratinns of coliform organisms, and localized of all of the available data conce-ning quality of ground
problems occur in recreational areas on the -Lake of the water. It has been concluded that basmnwide graphic
Ozarks, all of which represent potential hazards to presentalion of data on existing ground-water quality
public health, should be linitted to the sanie five parameters that were
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used for graphic presentation of surface-water quality. In upon the. ratio between the amount of return flow that
addition, there is included a discussion of the signifi- enters the pround and the amount that discharges into
cance of geology to the quality of ground water and a surface streams.
description of some of the ground-water problems Salts contained in water applied for irrigation are not
encountered in the Missouri River Basin. removed by the soil or the growing plants. Generally, the

return f1Aws from irrigation carry to the surface streams
or to ground water most of the dissolved minerals

oiunificance of Geology to theChemical Ouality contained in the applied water plus additional minerals
oGround water leached from the soils through which the irrigation

Ground water in the Missouri River Basin varies in- waters have passed.
quality. Although nearly all geologic formations yield
some water, relatively few yield water of good quality in
large quantities. Basin-Wide Map of Ground-Water Quality

The chemical quality of water from metamorphic and
igneous rocks is generally very'good. Exceptions exist Basin-wide maps of ground-water quality have been
where salts have been concentrated in recharge water by prepared for the parameters of total-dissolved.solhds
evaporation and where connate water has migrated into concentration, specific conductance. sodium-adsorption
fractures in the rocks. ratio, sulfates concentration, and chlorides concentra-

Water recovered from sedimentary rocks varies in tion. These parameters have the same significance in
chemical quality between the saturated brines found in connection with ground water as was previously des-
some deeply buried marine rocks to water with total- cribed in connection with surface waters. Data on these
dissolved-solids concentrations less than 100 milligrams maps are limited to areas where properly located and
per liter found in certain limestones and near-surface properly constructed wells are capable of yielding 300
sandstones. Considering all the water in sedimentary gallons or more of water per minute. The maps are
deposits, brine and other saline waters are far more described in greater detail below.
abundant than fresh water. In general, salinity increases Plate 28 shows total-dissolved-solids concentrations in
with depth. ground waters. These concentrations vary from less than

Aeolian deposits are commonly composed of rela- 250 to more than 4,000 milligrams per liter.
tively inert minerals which have little effect on the Plate 29 shows the specific conductance of ground
chemical character of infiltrating water. As a conse- waters. Specific conductance ranges from less than 500
quence, most ground water originating in dune sand is of to more than 4,000 micromhos, a range somewhat
good quality. Water originating in loess is somewhat parallel, as might be expected, to the range of total
more mineralized since calcium carbonate usually is dissolved solids.
present in loess below the zone of weathering. Plate 30 shows the sodium-adsorption ratio for

Chemical quality of water from glacial deposits varies, ground waters. It ranges from less than three for most of
In those deposits o~erlain by thick beds of glacial till, the basin to more than ten in only three small areas.
ground water is almost stagnant and may coitain Water with a sodium-adsorption ratio of tell or less is
appreciable amounts of dissolved material from under- considered to have a low sodium hazard. With the
lying marine deposits. Where glacial deposits are subject exception of the three small areas mentioned, therefore,
to circulation, however, the quality of ground water is ground water in the basin has a low sodium hazard.
generally good. Plate 31 shows tie sulfate concentration in ground

Ground water in most valley alluvium is derived from waters. It varies from less than 250 to more than 1.000
local recharge and from lateral inflow from nearby milligrams per liter. A large part of the basin, however,
streams and aquifers. The chemical quality of ground has ground water with sulfate concentrations less than
water in tile alluvium is controlled to a large extent by 500 milligrams per liter. It will be noted from compari-
vegetation culture and rock types on the valley floor and son with plate 28 that total-dissolved-solids concentra-
along side streams. The alluvium along many streams tions are shown in some areas where sulfate
contains ground water with relatively high concentra- concentrations are not shown. This is because some
tions of sulfate derived from nearby rocks that are rich analyses of ground water were limited to measurement
in gypsum. Where ground water use is high and alluvium of total dissolved solids and did not include measure.
aquifers are subject to recharge from streams, ground- ment of individual ions.
water quality is controlled in part by the quality of the Plate 32 shows the chloride concentration in ground
water in the stream. waters. Chloride in ground water is generally low

The effects of irrigation on quality of ground water throughout the basin, ranging from less than 150
vary widely, depending upon the amount of return flow, milligrams per liter in most of the basin's ground water
soil conditions, and the initial concentrations of dis. to more than 600 milligrams per liter in only a few small
solved minerals in the applied water. It also depends areas. The bulk of the water has achloride concentration
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well below 250 milligrams per liter. As previously selected by the Office of Saline Water as tie site for a
explained in connection-with sulfates, chloride concen- pilot plant to evaluate the performance of the electro-
trations are not shown for sone areas where total- dialysis process in treating hard. high sulfate. brackish
dissolved-solids concentrations were shown, water.

Well water at Eagle Butte in western South Dakota is

Local Ground-Water Problems highly mineralized, It is also quite hot.
The shallow valley-fill aquifer along-the South Platte

The following examples illustrate some local prob. River between Denver and the downstream town of
lems with ground-water supplies in the Missouri Basin. In Brighton. Colo.. contains over 1.000 wells for public and.
some cases, they may be typical of other similar small private water supply and irrigation. Withdrawals from
areas, while in other cases they may be unique. They do the aquifer are balanced by recharge directly from the
not cover all of thevaried local ground-water problems South Platte River and by waters diverted from the river
in the basin, for irrigation. Much of the aquifer has become contami-

In the Eastern Dakota Subbasim, where most commu- nated with sewage containing detergents. Local areas
nities and rural homes use ground water as a source of have been contaminated by hydrocarbons, pesticides,
domestic supply, high fluoride content exists in some herbicides, and other chemicals. Defective deep wells
localities and nitrates are above the levels recommended may permit the contamination of deeper aquifers which
for use. Webster, S. Dak., in this subbasin, has been are now considered potable.
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CHAPTER 9

HYDROLOGIC ANALYSES OF
POTENTIAL FRAMEWORK PLANS

FOR 1980, 2000, AND 2020

SCOPE OF ANALYSIS WEATHER MoDIFICATION

Potential framework plans for each of the eight Status
Missouri River subbasins were reviewed by the Work
Group on Hydrologic Analyses and Projections to Recent scientific and technical advances in weather
ascertain that the 15otential developments were con- modification have been so significant that weather
sistent with the surface-water and ground-water re- elements no longer should be regarded as entirely
sources available in each subbasin, to estimate the effect uncontrollable inputs into engineering, agricultural, and
of the potential developments on the available water economic activities. In the words of Dr. Earl G.
supply, and to compile estimates of water de'pletion, by Droessler, National Science Foundation: "Weather modi-
type of water use, attributable to the potential develop- fication can never again be approached only as a
ments. Close coordination was maintained during this scientific problem * * * it is now, and will be iii the
review with the Work Group on Water and Related Land future, an element in the resources planning of the
Resources Development so that adjustments in~planned nation and the world."
developments and depletion estimates could be effected Research is actively underway in the Missouri Basin
as necessary. to develop methods for beneficial modification of three

Ii comparing water availability with requirements of weather elements important to the region's economy.
the potential developments, it has been assumed that These elements are snow, rain, and hail. Lightning
future water supplies would be increased to some extent suopression by weather modification, in the interest of
through precipitation management, improvements in forest-fire prevention, is also under study near Missoula.
forestry management. and importations to the basin, and Mont. Modification of snow. rain, and hail involves
decreased through exportations from the basin. Con- adding proper quantities of minute particles to clouds to
sideration was given also to a possible further increase in change cloud composition and to help form more
water supplies through evaporation-reduction operations raindrops or snowflakes. Commonly called cloud seed-
on lakes and reservoir surfaces, bit no specific increase ing, this is usually accomplished by burning silver iodide
in water supply from this source has been assumed. mixtures.
These sources of additional water supply are discussed Much progress has been made in increasing precipi-
later in this chapter. tation, not only in the Missouri Basin but in other parts

Results of the hydrologic analyses are presented in of the Nation as well and throughout the world. That
subsequent brief discussions, separately for each sub- cloud seeding can increase precipitation on the older of
basin, of the adequacy of available supplies to meet the 10 to 20 percent has been recognized by the National
water requirements of the framework plans and in a Academy of Sciences - National Research Council, the
series of tables showing, for each subbasin and for the National Science Foundation, and the American Meteor-
Missouri Basin as a whole, estimated depletions attrib, ology Society.
atable to the framework plains. The hydrologic analyses What is now known and what is continually beiig
included studtes of the effect of the frauuework plans on learned gives ample reason to believe that reli ble,
water qiality. The results of the quaht, studies, how- efficient weather-modification teclniques, capable of
ever. are inluded in the Appendix by tile Work Group ignificantly i.reasing precipi tatloll and m ater supplies
on Plan of Development and Management of Water and In the Missoti Basin, c ould-be developed by I 9O, By as
Related Land Resources. early as 1975, routine operational seeding of winter
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storms over the basin's mountainous areas could be ress just west of the Missouri River Basin in the
feasible. A capability to increase snowfall in these areas mountains near Steamboat Springs and Climax, Colo. An
by an average of about 15 percent may be anticipated. operational seeding-project aimed at augmenting stream-
By the mid-1970's. capabilities should be available for flow into Hungry Horse Reservoir during years of-low
increasing rainfall by I to 2 inches during the spring and runoff has been underway since 1966. The University of
summer months from convective clouds over the plains Wyoming in 1968 began a limited seeding experiment on

area of the basin, the western side of the Wind River Range. Findings of
It is generally agreed that large.scale, routine opera- these activities and of other research have led to

tions should await greater knowledge of cloud seeding initiation of a large pilot-type research project in the
methods and criteria, which, with adequate effort and- adjoining Upper Colorado River Basin as the last step in

support, can be obtained in the next few years. Among the operational development sequence outlined in the
several weather-modification research programs, the Department of the Interior's report, "Plan to Develop
U.S. Bureau of Reclamation's Atmospheric Water Re- Technology for Increasing Water Yield from Atmos-
sources Program particularly is directed toward pro- pheric Sources." This project is designed to give water
viding soon the applicable scientific knowledge and resource planners firm answers by 1973 on how much
engineering systems that can. make practical modifica- additional water could be expected and what costs
tion of precipitation a reality. Knowledge concerning would be involved if full-scale winter- seeding operations
hail and lightning suppression and evidence of success in were undertaken.
this field are -less apparent. There are preliminary An estimated 1.87 million acre-feet average annual,
indications, from an experiment sponsored by the water augmentation for S I to S3 per acre~foot is
National Science 1Feundation in South Dakota, that currently forecast for the upper Colorado River Basin. A
effective reduction in hailfall damage and effective similar pilot project is planned for the western Missouri
augmentation of precipitation may result simultaneously Basin mountains beginning in 1970 or 1971.
from one seeding operation. The South Dakota School of Mines and-Tech-Plogy is

conducting a comprehensive field program in western

Research and Development South Dakota involving development of techniques for
increasing rainfall from summer cumulus clouds. Also

The-entire Federal program for weather modification included in this program are hail-suppression research

research totalled about SI I million in Fiscal Year 1968. and coordination and evaluation of commercial seeding
Of this total, about $7 million was allotted specifically operations in the western Dakotas. An increase in
to precipitation modification, with $5.1 million directed precipitation of about 10 percent resulting from seeding
to the U. S. Bureau of Reclamation, $1.1 million to the of individual convective clouds on days with isolated
National Science Foundation, and $690,000 to the showers, associated with southwesterly winds has been
Environmental Science Services Administration. Recom- indicated. Increases resulting from seeding of individual

mendations have been made that these research efforts clouds associated with other wind directions appear less
be continued and significantly expanded. likely.

Weather modification research also includes con- A pilot research project involving seeding of groups of

sideration of fog and cloud modification and cumulus clouds and convective storms was initiated in
modification of severe storms such as hurricanes and this same area during 1968. The scientific and technical
cyclones, in addition to the precipitation management operation problems associated with increasing rainfall
and hail and lightning suppression previously mentioned. primarily for crop production, and the environmental
Other Federal agencies involved in the research effort are aspects involved, are more complex than those associ-
the Department of Agriculture, the Department of ated with seeding winter storms over mountainous areas
Defense, the National Aeronautics and Space Adminis- primarily to augment streamflow. More time and further
tration, and the Federal Aviation Administration. studies will be-required in connection with precipitation

Two major field efforts for snowfall enhancement augmentation in the northern plains, but necessary
research are iii progress in the Missouri Basin. The developments should be accomplished and sufficiently
University of Wyoming is engaged in development of firm answers should be available in time to permit initial
seeding lechniques aimed at increasing snowfall from operationsto begin in mid-1970's.
mountain-cap clouds at the Elk Mountain experiment In connection with the introduction of precipitation
site in southern Wyoming. Montana State University is augmentation and other weather modifications into the
evaluating the effects of seeding on precipitation in the water resources and agricultural fields, all possible
Bangtail Ridge area near Bozeman, Mont., and in a large undesirable side effects must be considered so that steps
downwind area extending eastward. may be taken to minimize them. The need for careful

Oilier major winter seeding experiments are in prog- sludy, monitoring, and evaluation of social-cultural
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impacts. economic effec.ts,'and effects on natural species been assumed only from the high mountain target areas

and regimesis well recognized. Investigations to resolve previously described. It has been assumed further that

possible problems in these areas, and in the areas of legal the previously indicated augmentation potential of these

implication and hydrological change, will be important areaswould be fully realized in 2020, with only portions

parts of weather-modification research and development of the full potential realizedoby 1980 and 2000. The
in the Missouri River Basin. assumed cumulative increases in runoff from this source

are as shown below.

Missouri River Basin Precipitation Management
Potential Total Estimated Cumulative

•Drainage Imaget. Runoff Within
Thecurrent technological forecast in connecticn with Basin Am Area Target Area

p (Sq. Mi.) (Sq. Mi.) 1980 2000 2020
precipitation augmentation is for a IS percent increase (1 ,000 Acre-Feet)
in mountain snowfall to be attainable by about 1975. North Platte River 37,400 2,905' 70 145 295
Based on temperature and wind criteria involved, the South Platte River 24,000 3,255 24 73 243

best operational target areas would be located in the Upper Missouri River 82,800 2,168 20 79 196
Yellowstone River 7.0.600 6.130 89 267 536

high country above 8500-foot elevation. For seeding Missouri Basin 14,458 203 564 1,270
most efficiently to produce more water, the best target ........
areas should also be in areas of, highest water yield. In
the Missouri Basin, an area of more than 14,000 square
miles in the Upper Missouri, Yellowstone, and Platte- FOREST MANAGEMENT
Niobrara subbasins meets both criteria.-Here the-natural
snowpack averages 13 inches of water content on Observation of the effects of imiroved forest manage-

April 1, and the annual runoff is 10 inches or greater. ment has demonstrated that, in some areas of the

Assuining that the forecasted 15 percent increase in Missouri' RivervBasin, altering and improving forest cover

snowfall would produce a 15 percent increase in the to induce added runoff and-to reduce evapotranspiration

April I snowpack and its water content, and assuming an can significantly increase water supply in these areas.

85 percent runoff yield from the additional snow, the Timely harvesting, proper thinning, intensive protection,
potential increase in average annual basin streamflow and accelerated tree planting all can contribute to

amounts to 1,270,000 acre-feet. significantly increased- runoff from forest areas in loca.

Production costs for the additional water produced, tions and at altitudes where normal precipitation

after equipment and procedures are fully developed, exceeds 20'inches annually and where normal runoff is

should be in the range of S I to S3 per acre-foot in the already substantial.

Western mountainous portions of the Missouri River Only a relatively small part of all of the basin's
Basin. Since the areas involved are in the stream forests, however, is so situated that water yield can be

headwaters, retention and control of the ' additional significantly increased by improved management prac-

runoff, for flexibility of use, would be possible, often tices. In the hydrologic analyses of the framework plans,
with.existing storage facilities. increased runoff from this source has been assumed for

Precipitation in the Black Hills area could be in- less than 10 percent of the basin's forest lands. Lsti-

creased both as additional snowfall during the winter mated cumulative increases, by subbasins, are shown

and as additional rainfall froni spring and summer below.
clouds. The runoff-augmentation potential is less than in
the high mountain areas, but the potential increase in Area Estimated
streamflow to be realized is estimated at about 20,000 Susceptible Cumulative

acre-feet. Total to Increase in
Unit production costs also would be higher than in Subbasin Area Increaie Yield

the high mountain areas, ranging up to S4 per acre-foot. ., Area1970 1980 2000 2020

Routine seeding of convective clouds over the Black (l0Acres) (1,000 AF)

Hills would yield from I to 1.5 inches of additional Upper Missouri 7,211 310 17 30 59 88
summer rainfall, mostly for crop, pasture, and forest Yellowstone 7.037 1,228 16 61 152 161

growth. Western Dakota 2,424 75 8 8 16 16grwhEiastern Dakota 160 0 0 0 0 0

Platte-Niobrara 5.128 1,107 45 104 258 258

Streamflow Augmentation Assumed in Analyses Middle issouri 1.036 0 0 0 0 0
Kansas 520 0 0 0 0 0

Lower Missouri 6,857 0 0 0 0 0fit the hydrologic analyses of tie t'ramework plans, Misouri Ilan 30,37 2,2 76 (7)3 ,85 5231

increased runoff throtugh precipitation management has . .. ..
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EVAPORATION REDUCTION significant contributions to those areas where the avail-
able runoff is insufficient to meet local demands.

Evaporation losses from-the watersurface areas of the Currently facilities for such importations are in opera-
Missouri River Basin constitute nearly one-third of the tion bringing an average of 407,000 acre-feet of water
fresh-water evaporation losses in the 17 Western States. per year into-the South Platte River system from the
From those lakes and reservoirs of the basin over 500 Colorado River Basin, and 135,000 acre-feet into the
acres in size, evaporation losses amount to -4.3 million Milk River from the St. Mary River, although the annual
acre-feet annually. Based on a national average per capita quantities vary as governed by the granted rights or
,consumptive use rate of 147 gallons per day, or about decrees. The South Platte importations are regulated by
oneasixth acre-foot per year, this evaporation loss, if it rights granted by the states of Colorado and Wyoming
were conserved, could supply the water -needs of neatly and, as permitted within their share- of Colorado River
26 million people. This is more than three times the water recognized under the Upper Colorado River
present population of all the states lying wholly or Compact. The Milk River importation is governed by the
partially within the Missouri Basin. A saving of even a International Water Treaty with Canada consummated in
portion of this great water loss would have a significant 1910.
effect on the basin's water supply and on its economy.

No generalization can be made concerning the poten- Increasing quantities of water imports to the South
tial of evaporation-reduction operations in the Missouri Platte River system from the Colorado River were
River Basin as a whole. Climatic conditions vary over a estimated for 1980, 2000, and 2020 under the rights
wide range. Evaporation rates vary from about 2 feet per already granted, and within the stipulated shares of
year in the Upper Missouri Subbasin to over 4 feet per Colorado River Basin water under the Upper Colorado
year in the Kansas Subbasin. Evaporation-reduction RiverCompact. It is possible that the importations to
operations would be practical only in certain areas. Each the Missouri Basin within either state may be greater
lake or reservoir would have to be evaluated individually than estimated in the plan, but the amounts included
to determine its suitability for such operations. Each were limited to those permitted under currently granted
evaluation would require a complete study of the rights. The importation from the St. Mary River could
climatology and hydrology of the local area as well as a be increased under the provisions of the International
determination of the value of the water saved in relation Treaty with Canada, but were estimated as not in-
to its potential use for irrigation, power generation, creasing in the plan due to the high cost of the added
municipal needs, or other purposes. physical works.

Currently available data indicate that by 1980, With C
full scale treatment of all reservoirs in the basin in the Currently there is no exportation of water from the
size range of 500 to 50,000 acre-feet, approximately basin; however, the authorized Garrison Diversion Unit
500,000 acre-feet of water could be saved annually at an now under construction will divert water from the
estimated cost of $8.90 per acre-foot. At present, Missouri River Basin to the Souris-RedRainy River
evaporation reduction shows greatest promise in areas Basins. Water rights for this diversion have been granted
where the bulk of the total annual evaporation occurs by the state of North Dakota for full development and it
during a relatively short, hot, and dry period during was estimated in the framework plan that the Garrison

which evaporation-reduction operations could be con- Diversion Unit would be fully developed by 2020. The

ducted to effect the greatest water savings at least cost. quantities of water so exported were estimated as a net

This type of situation does prevail in large areas of the depletion to the Missouri Basin, although the net

Missouri Basin, and evaporation-reduction operations in exportation may be decreased by rediversion of project

these areas may prove feasible at some time in the return flows back to the Missouri Basin under the

future. The extent ana rate of possible development are ultimate plan of development,

too uncertain at this time, however, to warrant the The Milk River originates in the United States, flows
assumption of an increased water supply from this into Canada, then back into the United States and is
source in the hydrologic analyses of the framework tributary to the Missouri River below Fort Peck Dam.
plans. Canada is entitled to use of water from the Milk-River in

Canada and it was estimated that future Canadian
depletions would be 45,000 acre-feet by the year 2000.

WATER IMPORTS AND EXPORTS The 45,000 acre-feet of Canadian depletion has been
considered an export from the Missouri Basin in the

The usable wvater supply within the Missouri Basin has United States.
been augmented historically by the importation of water
from adjoining basins. While a small percentage of the Estimated and projected average annual water im-
total basin water supply, the imnportations represent pomtations and exportations by subbasins are as follows
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Averne nnul Watef bnportation Average Annual Water Exportation

Subbsi 1970 190 ! 2 12020 1970 1980 !200 1 2020

(Cumulative - 1.000 Acre-feet)

Upper Missouri 135 135 135 135 0 0 45 45Eastern Dakota 0 0 0 0 0 411 1087 2000
Plat te-Niobrara 407 512 744 744 0 11

Missouri Basin 542 647 879 879 0 411 32 2045

UNIT WATER-USE REQUIREMENTS Unit values used to develop municipal and industrial
and rural domestic water supply requirements are shown

Unit water-use requirements were adopted to develop below.
overall water requirements of the framework plans.
These are discussed in the following paragraphs.

Gallons

per Capita
Irrigation Water Supply Location per Day

Current rates of irrigation diversion were used in Communities of 2,500 to 10.000 Population

estimating future irrigation demands. Irrigation in the East of Precipitation.Effectiveness

Missouri Basin, currently requires annual farm deliveries Index Line 125
as shown below. These amounts do not include evapora- West of Precipitation Effectiveness

tion and transpiration losses from reservoirs, canals, Index Line 150
laterals, and seepage areas. Communities of Less than 2,500Population

East of Precipitation Effectiveness
,Index Line 80

A erage Annual Farm Delivery West of Precipitation Effectiveness
Subbasin of Irrigation Water Index Line 120

(Acre-Feet Per Acre) Rural Homes
Upper Missouri 1.8 With Pressurized'Systems 50
Yellowstone 2.0 Without Pressurized Systems 10
Western Dakota 1.8
Eastern Dakota 1.5
Platte-Niorbrara 1.9
Middle Missouri 1.0 Industrial and Mineral Water Supply
Kansas 2.0
Lower Missouri 1.0 Some industries obtain required water supplies from

municipal water-supply systems. In such cases, water
requirements in the futuire were considered as part.,of

Municipal and Rural Domestic Water Supply fiture municipal requirements. Other industries were
inventoried to determine current average water require-

In cities with populatioi in excess of 10,000, ments, and these values were then adjusted to reflect
inventories were made to determine current average anticipated changes in future requirements.
water use, and these amounts were then adjusted to
reflect anticipated increases in future demands. For
communities with population less than 10,000, unit Thermal Power Watr Supply
values for municipal water usewere selected to reflect
the significance of lawn sprinkling and garden irrigation The principal water demand of steam-electric genera-
in some areas. This was done by determination of a tor plants is for condenser cooling purposes. Unit values
precipitation effectiveness index line, the location of used to develop thermal power water supply require-
which roughly approximates that of the line of 22-inch ments were 550 gallons per ninute per megawatt for
average annual precipitation, and using higher unit values fossil fuel and 650 gallons per minute per megawatt for
west of the precipitation effectiveness index line where nuclear fuel, both rates being for allow-through System
average annual rainfall values are less. In rural areas, unit with a cooling-water temperature rise of 180F. The
values for domestic water use were selected to reflect the amount of streamflow diversions and depletions will he
greater water use in rural homes with pressurized water dependent on the type of cooling provided. whether it
systems than il those without such systems. be flow-through, pond, or lower.



Livestock Water Supply improvements. After developmeit of preliminary plans,
more detailed appraisals were made for each subbasin,

Unit values used to develop livestock water-supply and development plans were scaied down where necessary
requirements, based on current average livestock use to be consistent with the available water supply.
rates, are shown below. These more detailed hydrologic analyses demon-

Water Supply strated that, generally, surface-water supplies as regu-

Requirement iated by reservoirs will be sufficient to meet

Livstock per Head requirements of the final framework plans. However,
these appraisals of water adequacy were based on

(Galonsper Day) comparisons of average annual wter requirements and
Milk Cows 30.0 the average annual water supply 'or each subbasin as a
Beef-Cattle 12.0 whole, or for large portions of-a subbasin. In some basins
Hogs 4.0 there may well be problems of water availability for

Tueys 018 planned uses at specific locations and problems of seve'e
Turkeys 0.18 shortages in some months and years.

Ground-water supplies also will be generally sufficient

Fish and Wildlife, Recieation, and Water Quality to meet requirements of the final framework plans. In

Control many cases, ground-water withdrawals will-be reflected
rather quickly in streamflow depletions as aquifers are

Unit requirement criteria were not established for recharged rapidly from streamflow. In other cases,
those uses which, were found to vary with the type of ground-water withdrawals will result in strearnflow
devlopment, stream hydraulics, clima'ic factors, and at depletions only after an appreciable time lag. In some
times multiple service of a common facility. The cases, however, ground-water withdrawals represent use
ip.tividual requirementswere variously recognized in the of a non-replenishable or only very slowly replenishable
planning but are not always defined as specific func- resource; and in some such cases, sometime after 2020,
tional withdrawals, depletions, or streamflow demands. reduction in ground-water withdrawals will become
Single purpose recreation, and fish and wildlife storage necessary. The estimates of the effects of ground- water
impoundments and storage regulation impoundments for depletion on surface-water flows, while taking into
.streanifloW augmentation are included in the plan and account available data, were based largely on judgment.
the depletion- are included in the large reservoir, small Additional studies are needed to copfirm these esti-
reservoir; and minor ponds evaporation estimates. mates.
Streamnflow demands for water quality control to accom-
modate effluent residuals, after the prescribed level of All instances involving full use of available surface.
treatment, were estimated for specific stream reaches. water supplies or possible non-replenishable depletion of

Streamflow demands were generally met for quality ground-water supplies are associated with the use of
control as dictated by temperature and dissolved-oxygen these supplies :for irrigation. Except for some relativelysniall local areas, there appears to be no question, in any
criteria for a satisfactory quality-of-flow fishery habitat. o are asu th e noequesio, intan
In most cases these water demands also will provide a of ter subbans o te ul fo
satisfactory streamflow regimen for the fishery. How- surface-water supplies and ground-water supplies for
ever, in some stream reaches, meeting this quality purposes other than irrigation.
criteria does not necessarily provide a satisfactory Depletions caused by the developments included in
streanflow for fishery. While specific streamflow crheria the framewc 'k plans, however, will appreciably reduce
wet.z iot developed, obvious potential conflicts were power generation by the Missouri River main stenvplants
usually resolved. Future detailed studies should include and will require frequent curtailment or interruption of
consideration of streamflow requirements for the the navigation season on the Missouri River.
fishery.

Results of the hydrologic analyses of the framework
plans are summarized brielly, by subbasins, in the

ADEQUACY'OF WATER SUPPLY TO MEET following paragraphs. The effects of the franmework plan
PLAN REQUIREMENTS developments on Missouri River mnain steni reservoir

regulation and on water uses along the Missouri River
During the initial phases of water resources develop- also are summarized til succeeding paragraphs. 'hee

ment planning in each of the subbasins, water-use plans effects are based on the framework plats to meet
were developed on the basis of generalized hydrologic projected needs by 1980, 2000, and 2020 and do not
infornation without a detamled appraisal of the adequacy recognize any possible budgetary restrictmon- or Jwangv:
of the water supply to meet the demands of the plamned in economic projections.
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U.Jppow Mihwu/ri Su n limited in size, it B considered that sufficient water is

available. Depletions to ground water ale estimated to be
The framework plan for the Upper Missouri Subbasin 10 percent of all withdrawals to account for those areas

is aimed at intensifying and improving the economic which are not immediately related to the drainage
efficiency of the subbasin's agricultural base, and preser. pattern and where recharge is not fully effective.
vation, development, and management of the subbasin's
outstanding environmental attributes with a view to
development of a significant recreation industry.

Major water-use components of the framework plan
for the Upper Missouri Subbasin by the year 2020 are as The framework plan for the Yellowstone Subbasin is

follows: aimed at increasing agricultural production and pro-
cesting of agricultural products, at development of

Multiple-purpose reservoir storage in greater industrial utilization of the subbasin's coal
IS largeI and 77 small reservoirs 2,952,000 af supplies, and at preservation, development, and manage-

Single-purpose reservoir storage 99,000 af ment of the subbasin's environmental attributes with a

Public systems irrigation development 495,000 acres view to expansion of the subbasin's recreation and

Private irrigation development tourist industry.

From surface water 0 acres Major water-use components of the framework plan

From ground water 55,000 acres for the Yellowstone Subbasin by the year 2020 are as

Streamflow withdrawals for municipal, follows:
industrial, mineral, and rural
domestic use 58,000 af Multiple-purpose reservoir storage in

Streamflow withdrawals for thermal 8 large and 69 small reservoirs 2,110,000 af
powerplant cooling 455,000 af Single-purpose reservoir storage 3,000 af

Streamflow withdrawals by land Public systems irrigation development 139,000 acres
conservation practices 43,000 af Private irrigation development

Stream flow withdrawals for wetlands From surface water 469,000 acres
and fish and wildlife 93,000 af From ground water 29,000 acres

Streamfiow withdrawals for municipal,
Total storage in excess of 25.,000 acre-feet in each large stral, ineral and ru al
reservoir. industrial, mineral, and rural

domestic use 1,07 8,000 af

The watersupply in this subbasin, after depletion by Streamflow withdrawals for thermal

the 1970-level developments, totals about 7,276,000 powerplant cooling 778,00af

acre-feet. The listed features of the framework plan, and Streamfiow withdrawalsby 1and
other lesser developments, are expected to deplete the conServation practices 17,000 af
1070 water supply of the subbasin by 990,000 acre-feet, amfiow widlfo wetlands
as shown in table 23. Therefore, net depletions by the
proposed 2020 developments in the framework plan will
reduce the 1970 water supply by 14%. The available The water supply in this ,ubbasin, after deoletion by
surface-water supply is adequate to serve the planned the -1970-level developments; totals about 8;800,000
developments and still provide average annual flows of acre-feet. The listed features of the framework plan, and
about 6.3 million acre-feet for regulation by the down- other lesser developments, are expected to deplete the
stream Missouri River reservoirs. 1970 water supply of tie subbasin by 1,500,000

The planned development of irrigation in the Milk acre.f~et, as shown in table 24. Therefore, net depletions
River valley and in the area between the Missouri River by the proposed 2020 developlents in the framework
and the Milk River, howcvcr, will require diversion of plan will reduce the 19709watersupply by 17%.
about 150,000 acre-feet annually from the Missouri Ground-water irrigation developments proposed
River near Virgelle, Mont. within the Yellowstone Subbasit, are comparatively

Ground-water developments proposed within the small and are cotifined for the most part to stream
Upper Missouri Subbasin are mostly small, scattered, and bottomlands where withdrawals will be quickly re-
confined largely to alluvial areas adjacent to streams. Net charged and will constitute a direct stream depletion.
withdrawals of ground water generally will be equivalent Some of the withdrawals from ground water in
to-stream depletions because of relatively rapid recharge isolated upland areas for irrigation and livestock, and for
from streanflow, and 90 percent of all ground water municipal use in small -towns, may not be so directly
extracted is considered as an immediate strean deple- related to drainage and will result in minor depletions to
tion. Since ground-water developnients as proposed are ground water. it is estimated that 90 percent of all
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pumped quantities will result in stream depietion and Streamflow withdrawals by land
the remainder will be a depletion to round-water conservation piactices 112,000 af
storage. Sufficient ground water is available for develop. Streamflow withdrawals for wetlands
ments of the size contemplated. and fish and wildlife 0 af

The surface-water supply of the Yellowstone Sub.
basin is generally adequate; however, that of the Wind
River portion of the subbasin appears to be sufficient for The water supply in this subbasin, after depletion by
development of only about, 75,000 acres of additional the 19704evel developments, totals about 2,430,000
irrigation. Moreover, the availability of additional acre-feet. The listed features of the framework plan, and
storage sites in this portion of the subbasin with the other lessr developments, are expected to deplete the
potential capacity to serve more than 75,000 acres of 1970 water supply of the subbasin by 1,265,000
additional irrigation appears questionable. It is con. acre-feet, as shown in table 25. Therefore, net depletions
sidered that irrigation of 45,000 acres more than by the, proposed 2020 developments in the framework
currently irrigated could be accomplished rather readily plan will be 52 percent of the 1970 water supply.
and that irrigation of the remaining 30,000 additional Surface waters of this subbasin are comprised of a
acres could be accomplished by utilizing the remaining number of individual rivers flowing into the Missouri
streanflow and storage potentials of the Wind River River. Each river contributes a share of water but its
portion of the subbasin. individual development will require significant storage

Additional storage planned for the Yellowstone Sub- capacity to reach the proposed degree of development.
basin appears to be near the minimum required tO serve As noted inthe table, seven additional major reservoirs.
the planned developments, and 64 other significant impoundments strategically

located on the individual basins and altogether providing
Western Dakota Subein about 2.8 million acre-feet of new storage, are required

to attain the proposed water-use development. Each
The framework plan for the Western Dakota Subbain river basin also lends itself to construction of minoris aimed primarily at enhancing the economy of the ponds and small watershed developments which im-

subbasin in ways most consistent with the natural

attributes of the several portions of the subbasin. One prove, but also deplete, water resources.

objective is enhancement and stabilization of agricultural Ground-water supplies throughout most of the sub-
production in the plains portion of the subbasin. basin area may be obtained but there are several
Another is enhancement and stabilization of the sub- problems in their utilization. The alluvial materials
basin's mining industry through development to permit comprising lands adjoining the streams are, mostly fine
industrial utilization of the 'subbasin's great ilignite grained 'and will not support -withdrawal rates generally
deposits in southwestern North Dakota. A third is required for irrigation. Wells in uplindareaswill provide
environmental enhancement to promote and stabilize only small to medium yields-which will be adequate for
the recreation and tourist industry, most significant in some water uses but probably will not supply water at
the Black Hills portion of the subbasin. The subbasin sustained irrigationkrates. The plannedannual net extrac,
plan here is essentially the result of. blendiog obiectives, tion from ground water in these areas of 82,600
in- the best interest of econowic enhancement, rather acre-feet is possible, but costs may be high-because of
than a compromiseamonlg objectives, small yields.

Major Water-use components of the framework. plan In the Little Missouri Basin a substantial ground-
for theWestern Dakota Subbasin by-the year 2"10 are As water .reservoir exists under Iheupland-area of McKenzie
follows: County. Underflow from this area now contributes to

the- Missouri River. Recharge of the area will beSMult~ple.purposreservoir st orageljt relatively good because of sandy soils r+-, favorable
7 large and 6 4 small reservoirs 2,823,000 at drainage -pattern. Substantial irrigation may be devel-Single- urpose-reserv6ir-storage 4,000 af oped, and proposed net grouhd-water extractions of

Public systems irrigation development 136,000 acres 73;400 acre-feet annually-can be easily made.
Private irrigation development. * -

From.surface water 507,000 acres Ground-water depletions were estimated -to be 10
From ground water 119,000 acres percent mined and 90,percent subject to eventual stream

Streamflow withdrawals for municipal, depletion after 2n in the McKenzie County ground.
industrial, mineral a una dl water area, and 20 percent mined with 80 percent
-domestic use 27,000 af eventually becominga stream depletion in the rt raining

Streamflow withdrawals for thermal areas of the subbasin where ground-water extractions are
powerplant cooling 302,000 af contemplated.
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Eatern DakotmSA sNW In the upper- portion of the, Jan-'s River Basin and in
the basins of the minor Eastern Dakota tributaries,

The framework plin for the Eastem Dakota Subbasin stream base flows are very low md ground-water
aho is aimed primaiilyzai enhancing the economy of the withdrawals will not be fully reflected as streamflow
subbasin in ways- most consistent with its natural depletions. The rite of non-renewable ground-water.
attributes. One objective is enhancement and stabiliza- depletion will reach 215,000 acre-feet for the subbasin
tion of agriculture, the subbasin's prlncipul industry. as a whole-by 2020.
Another s environmental enhancement to promote and
stabilize the recreation and tourist industry. Here also, Platte-Niabrara Subbuin
the subbasin plan is essentially tle result of blending
objectives, in the best interest of economic enhance- The Platte-Niobrara Subbasin is composed basically
ment, rather-than a compromise among objectives, of four river systems, all different with respect to

Major water-use components of the framework plan climate, water supply, and economic develo.,hent. The
for the Eastern Dakota Subbasin by the year 2020 are as four are the South Platte River system, located mostly in
follows: Colorado; the North Platte River system, located mostly

in Wyoming; the Lower Platte River system irt Nebraska;
Multiple-purpose reservoir storage in and the Niobrara River system, entirely separate from

20 large-aid 108 small reservoirs 2,704,000 af the Platte River and its tributaries, located mostly in
Single-purpose reservoir. storage 327,000 af Nebraska along the Nebraska-South Dakota state line.
Public systems irrigation development 918,000 acres The framework plan fir the Platte-Niobrara Subbasin
Private irrigation development has somewhat different aims within the four areas

From surfacewater 367,000 acres drained by these four river systems.
From ground water 442,000 acres In the drainage area of the South Platte Rivec. system,

Streamflow withdrawals for municipal, which contains the large and rapidly growing Denver
industrial, mineral, and rural metropolitan area and where both natural and imported
domestic use 95,000 af water supplies are already fully appropriated, plan

Streamflow withdrawals for thermal - objectives are support for the continued economic
powerplant cooling 684,000 af, growth of Denver and other urban areas. These objec.

Streamfiow withdrawals by land tives are maintenance of the irrigated rural econon.y at
conservation-practices 71,000 af its present level, adequate' water supply for other

Stream flow withdrawals forswetlands segments of the agriculturalhi ral economy, a reasonable
and fish and wildkife for00 a149,000 af degree of-flood protection for the-high value flood plains,

in both urban and rural areas, and maintenance of
Thewatersupply in this, subbasin, after-depletion by environmental quality at -the highest practical level. In

the 1970-level developments, 'totals about 3,235,000 the drainage area, of the North 'Platte River system, in
acre-feet. Total depletions assigned to this subbasinof the absence of 'any urban- development comparable to
4.4 million acre-feet are listed in table 26. Approxi- that in the Denver metropolitan area, plan objectives are
mately 2.0 million acre-feet of these depletions result primarily maintenance of the irrigated rural' econony,
from diverting water from the Garrison Reservoir adequate water supply for other segments of the
through this subbasin to the-Souris and Red Rivers. Of agricultural rural economy, and maintenance of environ-
the remaining depletions of 2.4 million acre.feet in this mental quality. In the drainage areaof the-Lower Platte
subbasin, 0.6 million acre-feet are served from the River system, where both surface- water and ground
Garrison Reservoir and 1.3 million acre.feet by diver- water are more abundant than in the North Platte and
sions from the Oahe Reservoir and other 'Federal South Platte drainage-areas, the principal objectives are
irrigation units. Inclusion of private irrigation directly enhancement of the agricultural economy and improve-

from the Missouri River, return flow to the Missouri ment and maintenance of environmental quality. In the
River, and,-James River-return flow leaves about 0.4-mil- drainage area of the Niobrara River system, a Yather
lion acre-feet which represent depletions to this sub- sparsely populated agricultural area which makes only
basin's-water supply. Therefore, the '2020 developments limited use of its available water'supply, the objectives
that qitilize water- supplies which originate -in 'he of enhancement of the agricultural -economy and envi-
subbasin Will deplete the subbasin's water supply by ronmental enhancement both are emphasized.
12%. In all areas of the subbasin, plan objectives have-been

Existing ground.water resources of-the subbasin and dictated by quite apparent area requirements. Emphasis
streamflows originating in the subbasin are adequate to has been on best meeting these requirements, and there
meet the requirements of development planned to be has been little or no need for compromise among
served from these sources. objectives.
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Major water-use components of the -framework plan Much the same situatiosf existsinioost hicNorth
for the Platte-Niobrara Subbasin-by the year 2020 are as Platte drainage. Thitghout Wyoming, siustiined
fOllows: ground-water removal Hneisi-en ltions to

streimfiow. In teNebraskaerad- wq#,of NorthPlatte,Multiple-purpose reservoir storage in however, it is, .l ieved that aqufersin o localities

39 large and 397 small reservoirs 7,961,000 af may be adequate to allow gifouid*ater withdrawals
Single-purpose reservoir storage 1,059,000 af independent of surface conditions. ;Depletions to the
Public systems irrigation development 437,000 acres ground-water aquifers shown fbr both the North and
Private irrigation development South Platte drainages-are primarily -iestricted to Neb-

From surface water 192,000 acres raska; ground-water pumping, elsewhere is assumed to
From ground water 1,732,000 acres resultIn direct stream depletion.

Streamflow withdrawals for municipal. Additional developmentr in the North and South
industrial, mineral, andrural Platte drainages are dependent on water to become
domestic use 946,000 af availible from external sources such as imports, weather

Streamflow withdrawals for thermal modification, forest managenirnt, and retirement of
powerplant cooling -253;000 af' presently irrigated'and which, willfr*e water for other

Streamflow withdrawals by land uses. If such waterbecomes avai~able, lafge amounts of
conservation practices 123,000 af new storage space are required to impound and utilize it.Streamflow withdrawals for wetlands Adequate storage atears to be provided in framework

and fish and wildlife 8,000 af plans to fully useiall current and future water supplies.
The Sandhills region of north-central and north-

INegative depletion (accretion) due to less flow-thtough western Nebraska, which is-.drained primarily by the
powerplant cooling in 2020 than in 1970. Loup and Niobrara rivers, is underlain by a thick

sequenceof saturated permeable rocks. An estimated 12
The water supply in this subbasin, after depletion by million acre-feet of water infiltrates the sandy soil

the 1970-level developments, totals about 4,202,000 annually, and about 80 percent of this amount is
acre-feet. The listed features of the framework plan, the returned to the atmosphere by evapotranspiration. A
residual effects of pre.1970 ground-water pumping, and very substantial potential exists in this region for salvage
other lesser developments, are expected to deplete the of water without appreciable depletion, of streamflow.
1970 water supply of the subbasin by 2,594,000 Controlled ground-water pumpage could'be utilized to
acre-feet, as shown in tables 27 through 31. Therefore, lower ground-water levels in order ,to substantially
net depletions by the proposed 2020 developments in reduce evapotranspiration rates.
the framework plan, including the residual effects of Elsewhere in the Loup River, Elkhorn River, and
pre-1970 ground.water pumping, will deplete the 1970 Niobrara River basins, the opportunity is extensive for
water supply by 62%. The overalLeffect of ground-water either surface- or ground-water developments. Substan-
pumping on streamilow toalN about 500,000 acre-feet tial water-bearing aquifers are available froni which
by 2020. Abou! half of 'these depletions are due to ground water may be- used over o -lone period with only
existing ground-water development:, and- the remainder minor effects on flow of streams. Eventually, the
to'framework plan-developments,. withdrawals will-be reflected, in stream depletions, and it

1he effect of grourd.water development on stream- is estimated that the surface depletions will accelerate
flow is expected to vary widely among 'he individual with time. A sliding-scale estimate was used wherein' the
stream basins -within the -Platte-Nicbrara Subbasin. stream depletion would be equivalent to 5, 10, and' 15
Because of this variation, depietion factors ranging from percent, for successive 20-year periods, of the net
zero to (00 percent were applied in differeilt partsof ground water removed. Sufficien(-streamflow is available
the subbasin. -for al expansions planned to utilize surface waters.

The South Platte River drainage presents a 'highly The Lower Platte River area is known to present large
used surface.water system which has attained almost opportunities, for either ground-water or surface-water
maximum development and a groundwater 'system development. Removals of ground waterare considered
Which in many aleas is largely sustained by recharge to 'be more directly related to streamflow than in the
from ditch-irrigation system. In most -of-the drainage 'Loup, l!khorn, and 'Niobrara-drainages, but not depend-
basin in 'Colorado. ground water is closely related to .nt on surface replenishment. It is estimated that
surface.i rrigationsystenis and ext ract ions are- replenished glound.water extractio'ns will be possible on an extensive
fron surface applications aud by recharge from precipi- scale. hut that such depletions to the ground-water
tation.'Wlthout the surface irrigation, imany well systems aquifers will be reflected in diminished streamflow both
would tier. sustain gromid-wa'er withdrawals on a sooner and in greater amounts than in the i.oup,
lpermaiteUt basis. 'lkihorn, and Niobrara drainage basins. In the Lower
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Platte River area, a similar sliding scalewas employed, Major witer-usi component-vof the framework pln
but with depletion factors of 10, 30, and 50 percent for for the Middle Missouri Subbasin by the year 2020 are as

- succesve 20-year penods. The dinWscal approach folOMs:
was used for two prindpal reasons. First, it permits an
estimate ,of current stream depletion for ground-water Multiple-purpose reservoir storage in
developments undertaken in the past, and second, it 39 ige and 513 small reservoirs 5,264,000 af
allows a means of computing a probable streamflow Single-purpose reservoir storage 1,298,000 af
which may be expected to occur even after ground-water Public systems irrigation development 27,000 acres
removal ceases. An expected streamflow depletion, due Private irrigation development
to ground-water pumping, which is applicable to a -From surface water 322;000 acres
period 20 years later (year 2040) has been listed in the From ground water 1,282,000 acres
depletions tables, but is shown separately as a lag. Streamflow withdrawals for municipal,

In both the South Platte and the North Platte areas, industrial, mineral, and rural
natural runoff will-be completely utilized and planned domestic use 325,000 af
developments-will-be dependent upon imports and other Streamflow withdrawals for thermal
"made" water. In fact, in the South Platte area, both powerplant cooling 757,000 af
natural runoff and "made" water will be almost com- Streamflow withdrawals by land
pletely utilized by 2020, and planned developments in conservation practices 238,000 af
this area, therefore, are the absolute limit that the Streamflow withdrawals for wetlands
available water supply will support. There will also be a and fish and wildlife 41,000 af
very high.,percentage of depletion of streamflow in the
Lower Platte area; greater than the indicated depletion
percentage for the subbasin as a whole. Only in the The water supply in this subbasin, after depletion by
Niobrara area will the percent depletion of-streamflow the 1970-level developments, and excluding the water
be less than the indicated depletion percentage for the supply available in the Missouri River, totals about
subbasin as a whole. 7,670,000, acre.feet. The listed features of'the frame-

Although studies indicate that the expected future work plan, and other lesser developments, are expected
surface water supply in the South Platte area will be to deplete the 1970 water supply of the subbasin by
barely adequate for planned developments, the supply 1,163,000 acre-feet, as shown in table 32. Therefore, net
may actually -fall short of requirements. It should be depletions by the proposed 2020 developments in the
recognized that fut.re consideration may need be given framewori plan will reduce the 1970 water supply by
to the possibility of increasing water imports or restric- 15%. The remaining depletions of about 1.3 million
ting some water uses, or both. Similar action may be acre-feet represent depletions to the Missouri River
necessary also in the North Platte area. itself.

The 1970 level of water imports into the Missouri Proposed ground-water developments for several
River Basin, shown as 542,000 acre-feet in subsequent stream basins in the western Iowa portion of the Middle
depletion tables, includes imports of 401,000 acre-feet Missouri Subbasin appear to be rather optimistic. Most
into the South Platte area. It appears that this level of of the available ground water is in alluvial deposits
imports may be moie nearly representative of 1965 underlying the larger stream valleys. In most areas,
conditions than 1970 conditions. A part of the increase however, the alluvial materials are of limited thickness,
in imports between 1970 and 1980 as indicated in and generally they are fine grained. Expected yiel" of
subsequent tables, therefore. may actually have occurred wells in the alluvial aquifers will range generally from a
by 1970. few gallons per minute to about 300 gallons per minute.

In many areas, yields will be between,50 and lOt) gallons
per minute. Thus, many individual wells will be required

Middle Missouri Subbsmn to provide enough water for even relatively small
irrigation systems, and in many localities irrigation from

The framework plan for the Middle Missoori Subbasin ground.water sources may therefore prove infeasible.
is aimed primarily at continuation a:nd enhancement of a Areas of particular concern are the Perry Creek and
balanced urban.rural economy. With four rmetropolitan Floyd River Basins in northwestern Iowa and the Platte
areas of the subbasin located-on the Missouri River,and River Basin of northwestern Missouri, not including the
assured of an adequate water supply from that source, it Little Platte River tributary basin. It appears that the
is possible to plan for regulaticn of the s'.bbasin water ultimate area to be irrigated by ground water will be
supply primarily for agricultural uses and for associated limited to not more than 10,000 acres in the Perry Creek
environmental enhancement for the benefit of both and Floyd River Basins and to not more than 5,000
urban andrural areas of the subbasin. acres in the Platte River Basin.
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Deplto to ground woit n this adisash were As of 1965, i esthfased 1,449,000 ac es, or somne
."timated, as in the Upper biisouri-d Ydomtoue 85 perset, ware irrigated froMt umdwater sources; an

sutibsins,. to, be 10'percn of an withdrawals, with 90, aditinal '254,00 are ,;ate irrilateid from, surface
percent being direct depletion to surface stm flow. waers, primarily fra I'deral nulti-purpose storage
Th minor allowance for groundwater depletim is to resasoirs. By 2020, it is contemplated that over 78

recognize that some of the outlyng arm are neither percent of the total 3,920,000 acres to be irrigated wig
closely related to drainage nor posue full rch ae be mpplied by ground water. However, this extensive
capability and must therefore deplete the existin future devlopment will result in "mining" of the

ground-water resource. ground water ,in mimy areas. Also, the effect of such
Surface water available as also sufficient for extensive groqud-waterwithdrals will -bve an appre-

the developments planned in this subbasin. dable effect, on stream flow depietilom, though varying
considerably over the subbasni. Streamflow depletion

K Subbesin factors applied in the, various hydrologic planning
subdividons ranged from zero to 30 percent of the

The framework plan for the Kans Subbasin is alnd, ground water consumptivel used.
in the western portion of the subbasin, where manyat meeting the water and related land requirements of otf- the streamsare intermittent, the ground-water levels

expanding urban-industrial developments, intensifying generally are below stream levels. Here ground water

and stabilizing agricultural production as a contining extracted from the underlying aquifers has little discer-

basis for the subbasin's rural economy, and enhancement eract fro t he arl a munt of

of he ubbsin~.envronentl qaltie'insuportof nible effect upon streamnfiow. The large amount ofof the subbasin',, environmental quaitiesin support- of ground water stored beneath these uplands may be used
both urban and rural future development. Emphasis has until exhausted. However, once exhausted, it would
been on best meeting subbasin requirements, and there require considerable time to replenish the aquifers
has been little or no need in plan development for from natural iecharge.
compromise among cbjectives. In the uplands of the Blue-River Basin, ground-water

Major water-use components of the framework plan levels in the principal aquifets are generally below stream
for the Kansas Subbasin by the year 2020 are as follows: levels. Recharge to the *quifers from the streams is

limited mad areas of dischatpe from the aquifers gener-
Multiple-purpose reservoir storage in ally are far distant from the recharge areas. Accord-

15 large and 1243 small reservoirs, ingly, pumping of ground water from the principal
and in reservoirs necessary to aquifers has a relatively limited effect on streamflows
regulate water imported from the over extended periods of time. Withdrawals of ground
Platte River 6,341,000 af water will be primarily from storage, and will de-water

Single-purpose reservoir storage 137,000 af the aquifers until ultimately they will no longer provide
Public systems irrigation development 232,000acres water in usable and economical amounts.
Private irrigation development In the remainder of the subbasin, streunflow dep-

From surface water -87,000 acres letions due to ground-water pumping were estimated on
From ground water 1 ,898,000 acres a sliding-percentage basis. Curves were developed to

Streamflow withdrawals for municipal. permit estimating of current streamflow depletions
industrial, mineral, and rural which would apply to pre-1970 developments and to
domestic use 78,000 af estimate the expected depletions likely after the end of

Streamflow withdrawals for thermal the plhnning period in 2020 (see figure 36). Note that
powerplant cooling 20,000 af the curve for 'rrigation- and livestock-water pumping is

Streamflowwithdrawals by land flatter, because it usually occurs at a considerable
conservation practices 88,000 af distance from the streams affected, and hence takes a

Streamflow withdrawals for wetlands longer time to show an effect. The municipal and
and fish and wildlife 22,000 af industrial ground-water pumping curve is steeper, as

these withdrawals are generally made closer to the
The water supply in this subbasin, after depletion by affected streams, resulting in more rapid streantiflow

the 1970-level developments, totals about 4,154,000 depletions.
acre-feet. The listed features of the framework plan, and Water appears to be available from which, in conjunc-
other lesser developments, are expected to deplete the tion with planned storage, the surface diversions can be
1970 water supply of the subbasin by 912,000 acre-feet, made. An import from the Platte River Basin is proposed
as shown in table 33. Therefore, net depletions by- the which will bring in an average of 190,000 acre-feet
proposed 2020 developments in the framework plan will[ annually by the year 2000 and increase to 500,000
reduce the 1970 water supply by 22%. acre-feet annually by 2020. The disposition of these
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merits of the subbasin's extensive and growing urban-
FIGURE 36 industrial development, intensifying and stabilizing

SThEAMFLOW, DEPLETION -RATES agricultural production in tie rural areas of the subbasin,
IiOi GROUND-WATER PUMPING and enhancement of the subbasin's environmental quali-

KANSAS RIVER BASIN ties in support of both urban and rural future develop-
0 - ment. Emphasis has been on best meeting iubbasin

- - - requireents,-and there has been only limited need for
i/ compromise between the objectives of national ef-

Sc - } 4 - ficiency and regional economic and social enhancement
IND . " on the one hand and the objective of environmentalI enhancement on the other.

- - •Major water-use components of the framework plant I I /for the Lower Missouri Subbasin by the year 2020 are as
-- 

l  follows:

4 - - Multiple-purpose reservoir storage in
e L/ 26 large and 979 small reservoirs 12,604,O afSingle-purpose reservoir storage 658,000 af

20 Public Systems irrigation development 0 acres
---- Private irrigation development

20* OI~ ---~J From surface water 558,000 acres
0 20 40 So so 100 '20 14J0 go l oo From ground water 412,000 acres

YEAlS AFTER GROUNO-WATU4 PUWm STARTS Streamflow withdrawals for municipal.
industrial, mineral, and rural

amounts, in average annual units of 1,000 acre-feet, domestic use 614,000 af

follows: Streamflow withdrawals for thermal
powerplant cooling 350,000 af

Res-oir Streamilow withdrawals by land
Average Iription Evapmti Ground-Water Stram conservation practices 20,000 af

Yea Imports D E LAo Recharge Accwetion Streamflo withdrawals for wetlands,
2000 190.0 105.0 37.5 23.0 24.5 and fishand wildlife 19,000 af
2020 500.0 344.0 37.5 75.0 43.5

In the following depletion tables, delayed streamflo% The water supply in this subbasin, after depletion by
depletions are estimated for a 20-year period beyond the 1970-level developments, totals about 17,263,000
2020, the assumed plan -completion date. These esti- acre-feet. The listed features of the framework plan, and
mates are listed under strearnflow depletions but aremshown sartel ste unr stam etion bmunt rhe other lesser developments, are expected to deplete the
shown separately as a lag. The total amount for the 190wtrsplofhesbaibyI5800

Kans3 Sbbain s 37,00 ace-fet.1970 water supply of the subbasin by I,$88000
acre-feet, as shown in table 34. Therefore, net depletions

Developments in the subbasin plan will cause ground- by the proposed 2020 developments in the framework
water depletions by 2020 amounting to 2,235,000 plan will reduce the 1970 water supply by 9%.
acre-feet above the 1970 level of depletion. Obviously, Ground-water supplies in the Lower Missouri Sub-
depletions at this rate cannot be continued indefinitely, basin generally are adequate for the ground-water
Although the ground-water resources 0f the subbasin are developments included in the subbasin plan. A possible
considered great enough to permit the planned develop- exception exists, however, in the Blackwater.Lamine
ments, cut-backs in the use of ground water will - Rivers drainage area where planned irrigation develop-
necessary sometime after 2020. mei' may be somewhat greater than can be supported

It is considered that surface-water supplies are ade- oermane basishby groater ansored
quat fo theplaned eveopmetsbut hatthe on a permanent basis by ground water in storage and

quate for the planned developments, but that the available short-term streamtflow. Potential ground-water
planned imports are an essential coponent of the developments in this area will require careful investiga.
suipply. tion. Throughout the subbasin, withdrawals of ground

water usually will be reflected rather quickly in stream-
Lower Missouri Subbasin flow depletions because of the relatively rapid recharge

from streamflow, and neither permanent ground-water
The framework plan for the Lower Missouri Subbasin depletions nor appreciable lag in streamflow depletion,

is aimed at meeting the water. and related land require. because of ground-water use, are anticipated.
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Surace water available also is suffiient for planned the framework plans have been estimated, by type. of
developments. depletion, for each of the eight subbaisins and for the

Missouri Basin a a whole. These estimated depletions
are listed in tables 22 through 34. The first four columns

DEPLETIONS, under the heading "Streamfiow" represent estimated
depletions to steamnfiow, including the effect that

Streamnfiow and ground-water depletions that will ground-water pumping is estimated to have on that
result from the water resource developments included in streamfiow. This grouwid-witer pumping effect is very

Table 22 - AVERAGE ANNUAL DEPLETIONS MISSOURI BASIN

TouI Avrer Anmal Depletions in saoted Acre-Feetl
Stueuub Snflow Grouand Water

Type of Use 1970 1980 12000 2020 La2 1980 2000 2020
Cropland Irrgation - Full Service 811 2117.6 5097.7 8789.6 790.1, 1239.4 2269.5 4083.6

Cropland Irrigation - Supplemental 811 310.0 636.0 850.7 39.9 27.0 44.0 35.5
Irrigation Systems Rehabilitation -5 -40.4 .106.1 -178.2
Municipal anid-Rural Domestic Use 210 305.7 552.6- 887.9 59.4 10.9 28.0 52.8
Industriliand Mineral 140 258.3- 417.9 753.6 5.0 0.2 0.5 1.3
Thermal-Electric Power 37 84.9 3 14.1 556.0 2.3 1.2 3.4 4.9
Large Reservoir Evaporation 1818 392.1 753.3 1045.6
Small Reservoir Evaporation 313 288.8 541.5 712.6
Minor Ponds Evaporation 824 133.6 426.1 664.1
Livestock 303 172.0 368.5 635.0 52.2 46.2 96.2 157.5
Watershed Treatment and Protection 340 154.1 422.1 711.2
Wetlands and FWL Areas 200 144.6 236.4 380.0
Exportations 0 410.6 1131.6 2044.8
Forestry Management -82 .116.9 -399.1 -436.6
Importationis -542 -104.5 -337.0 -337.0
Ground-water Reharge 0 ... - - 0 -23.0 -75.0
Precipitation Management 0 -202.6 -563.4 -1270.0
Conversign from Rural to Urban 0 -50.0 -80.0 -135.0

!4t"uri Basin 11697 425 7.9 912.2 15674.3 948.9 1324.9 2418.6 4260.6

tCumulative depletions above 1970 Level.2 Expected additional stream depletion 20 years later (2040) from ground-water pumping.

Table 23 - AVERAGE ANNUAL DEPLETIONS UPPER MISSOURI SUBBASIN

Average Annual Depletions in Thousand Acre-Feet1

Streamfiow Ground Water____
Type of Use 1980 2000 2020 La3  1980 2000 2020

Cropland Irrigation - Full Service 263.0 512.2 671.2 0.3 2.6 4.5
Cropland Irrigation - Supplemental 43.0 116.0 150.5 0.1 1.0 1.5
Irrigation Systems Rehabilitation 0 0 0
Municipal and Rural Domestic Use . 11.4 24.0 30.7 1.3 2.4 2.9 3.5
Industrial and Mineral 0 0 0
Thermal-Electric Power 4.4 19.1 45.4
Large Reservoir Evaporation 31.7 70.0 77.6
Small Reservoir Evaporation 8.0 17.7 34.5
Minor Ponds Evaporation 4.1 14.8 24.1
Livestock 11.5 24.2 42.2 0.2 0.6 . 1.3 2,2
Watershed Treatment and Protection 8.4 25.8 42.9
Wetlands and FWL Areas 15.3 60.8 92.9
Forestry Management .13.0 -42.0 -70.5
Importations 0 0 0
Exportalions2  0 45.0 45.0
Precipitation Managecment -10.6 .78.4 -196.0 ______ ___________ _____

Total for Upper Missouri Subbasin 368.2 809.2 990.5 1.9 3.0 7.8 11.7

lAbove 1970 Level of lNpletion
2 Upstream depletion of Milk River by Canada.
3 Expected additional stream depletion 20 yeats later (2040) from ground-wator pumping.



Table 24 - AVERAGE ANNUAL DEPLETIONS YELLOWSTONE SUBBASIN

Avelle Afaua Depletions its Thosand Acre-Fe
_____ Stremfiow __ _Ground Water

Type of Use 1980 200 2020 L aj2  1980 2000 2020
Cropland Irrigation - Full Service 272.5 683.6 975.6 0.5 1.5 4.6 6.1
Cropland Irrigation - Supplemental 53.4 102.5 122.0
Irrigation Systems Rehabilitation -19.4 -44.5 .64.2
Municipal and Rural Domestic Use 124.7 106.0 116.0 0.1 0.5 1.0 1.6
Industrial and Mineral 195.4 355.2 694.7
Thermal-Electric Power 7.6 41.6 87.8
Large Reservoir Evaporation 11.0 21.7 62.1
Small Reservoir Evaporation 17.9 37.3 43.4
Minor Ponds Evaporation 17.8 35.2 30.8
Livestock 10.5 23.7 40.0 0.1 0.2 0.5 0.9
Watershed Treatment and Protection ,, 4.5 10.4 16.8
Wetlands and FWL Areas I 11.2 26.9 49.0
:Forestry Management -45.0 -136.0 -145.0
Importations 0 0 0
Exportations 0 0 0
Precipitation Management -89.0 -267.0 -536.0

Total for Yellowstone Subbasin 573.1 996.6 1493.0 0.7 2.2 6.1 8.6

lAbove 1970 Level of Depletions.2Expected additional stream depletion 20 years later (2040) from ground-water pumping.

Table 25 - AVERAGE ANNUAL DEPLETIONS WESTERN DAKOTA SUBBASIN

Aveme AnnualDepletions in Thousand Acre-Feet'
Streamflow Ground Water

Type of Use 1980 2000 2020 Lsg2  1980 2000 2020
Cropland Irrigation - Full Service 215.0 455.0 818.0 104.0 7.0 39.0 121.0
Cropland Irrigation - Supplemental 0 0 0
Irrigation Systems Rehabilitation 1.0 2.0 5.0
Municipal and Rural Domestic Use 3.0 6.0 9.0 12.0 4.0 8.0 15.0
Industrial and Mineral '0 0 0
Thermal-Electric Power 15.0 30.0 53.0
Large Reservoir Evaporation 1.0 28.0 30.0
Small Reservoir Evaporation 75.0 143.0 186.0
Minor Ponds Evaporation 3.0 10.6 15.0
Livestock 13.0 26.0 45.0 16.2 6.0 12.0 20.0
Watershed Treatment and Protection 20.0 63.0 112.0
Wetlands and FWL Areas 0 0 0
Forestry Management 0 -8.0 -8.0
Importations 0 0 0
Exportation% 0 0 0
Precipitation Management 0 0 0

Total for Western DakotL. Subbasin 346.0 755.0 1265.0 132.2 17.0 59.0 156.0

Above 1970 Level of Depletions.
2Expected additional stream depletion 20 years later (2040) from ground.water pumping.
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Table 26 -AVERAGE ANNUAL DEPLETIONS EASTERN DAKOTA SUSBASIN

Aympq Mnea DsPlstlow im lbouad Acra-Feet2

_____ sirelw __ Goud Wae
Type_ __ __ _ ofo Uaoo 190 ___00 3030 ____M 3110

Cropland Irrigation - Full Service 224.6 803.4 1910.6 ISA 49.4 102.3 211.6
Cropland Irrigation - Supplemental 0 0 0
Irrigation Systems Rehabilitation 0 0 0
Municipal and Rural Domestic Use 9.0 16.1 23.7 0.8 1.0 2.1 3.7
Industrial and Mineral 0 0 0
Therm-Eletr~ Power 5.0 15.8 36.0
Large Reservoir Evaporation 82.1 95.3 99.8
Smai Reservoir Evaporation 8.6 12.3 15.8
Minor Ponds Evaporation 0 6.4 14.8
Livestock 23.5 52.5 91.5
Watershed Treatment and Protection 10.0 33.0 71.0
Wetlands and FWL Areas 60.7 64.3 148.9
Forestry Management 0 0 0
Importations 0 0 0
Exportations3  '410.6 1086.6 1999.8
Precipitation Managemtea 't 0 0 10 ___ ________ ____

Total for Eastern Dakota Subbasin 1834.1 ,2185.7 ,4411.9 16.2 50.4 104.4 _215.3-

'Above 1970 Level of Depletions.
2 Accounts for both Initial and ultimate staps of the Garrison Diversion Unit, Oahe Diversion Unit, other Federal and private

Irrigation units diverting from the Misaouri River, and return flow to the Missouri River: J.280 2000 -2020
776.0 2022.6 41 T

3 Export to Souris and Red Rivets via Garrison Diversion Unit.
4 Expected additional stream depletion 20 years later (2040) from pround-water pumping.

Table 27 - AVERAGE ANNUAL DEPLETIONS PLATTE-NIOBRARA SUBBASI\

AeaeAnniual Depletions in Thousand Acr*Feet
streltnflow, I______ Ground Water

"ypof Use 1980 2000 2020 L482 1980 20W 2020
Cropland Irrigation - Full Service 688.0 1112.3 1469.8 318.9 318.7 756.8 1355.0'
Cropland Irrigation - Supplemental 3  213.6 417.5 578.2 39.8 27.0 43.0 34.0
Irrigation Systems Rehabilitation -22.0 -58.9 -110.2
Municipal and Rural Domestic Use 110.6 283.5 453.3 *31.5 0.4 8.9 20.2
Industrial and Mineral 54.5 48.5 33.2
Thermal-Electric Vower 15.4 61.6 9".
Large Reservoir Evaporation 77.1 176.3 342.5
Small Reservoir Evaporation 31.0 77.3 109.4
Minor Ponds Evaporation *5.6 60.6 111t.8
Livestock ~ 31.5 62.5 98.4 21.1 26.5 54.5 87.6
Watersiid Treatment and Protection 24.6 73,7 1 21.2
Wetlands and FWL Areas 4.9 4.9 8.1
Forestry Management -58.9 .213.1 .213.1
Importations .104.5 -337.0 -337.0
Exportation&4  0 19010 500.0,
Conversion from Rural to Urban .50.0 .980.0 -135.0'
Precipitation Management -94.0 .2 18.0 -5 38.0 _ __ ________ ____

Total for Platte-NiobaaSubbauin 927.4 1661.7 12593.7' 1411.3 372.6 863.2 1496.8

I Above 1970 Level of Depletions. Includes depletions in Tables 28, 29. 30, and 3 1.
2 Expected additional stream depletion 20 years later (2040) from ground-water pumping.
3Includes future streamnfiow depletion from pre-I 970 ground-water developments.
4To Kansas Subbasin.
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Table 28 - AVERAGE ANNUAL DEPLETIONS NORTH PLATTE RIVER

Aveug, Amud Deplstim in Thound Acrelentn

lypeofUn u9" 2090 ooo 22 L42' 190 2M 2n
Cropland iimgation - Full Seivice 24.0 89.0 96.0 4.6 21.0 39.0 34.0
Cropland Irigation - Supplemental 38.3 106.0 181.5 5.3 27.0 43.0 34.0
Irrigation SyiTns Retabilitation -4.4 -11.7 -21.9
Municipal and Ruriri'omestic Use 7.3 12.0 20.1
Industrial and Mineral 47.0 43.0 30.0
Thermal-Electric Power 2.1 12.8 21.4
Large Reservoir Evaporation 0 14.0 44.0
Small Reservoir Evaporation 8.2 24.4 36.0
Minor Ponds Evaporation 0 2.3 8.1
Livestock 3.7 7.4 11.6 0.9 3.2 6.4 10.5
Watershed Treatment and Protection 4.7 14.2 24.0
Wetlands and FWL Areas 1.3 1.3 1.8
Forestry Management -39.3 -142.0 -142.0
Importations 0 0 )
Exportationis 0 0 0
Precipitation Management -70.0 -145.0 _295.0 .... ..... ... .. ...

Total for North Platte River 22.9 27.7 15.6 10.8 51.2 1- 88.4 78.5

Above 1970 Level of Depletions
2 Expected additional stream depletion 20 years later (2040) from grouad-water pumping.

Table 29 - AVERAGE ANNUAL DEPLETIONS SOUTH PLATTE RIVER

Average Annual Depletions In Thousand Acre-Feet'

Stream flow Ground Water

Type of Use 1980 _ 2000 2020 Lag2  1980 2000 2020

Cropland Irrigation - Full Service 105.0 118.0 133.0 4.2 17.7 29.0 43.0
Cropland Irrigation - Supplemental 60.8 111.5 176.4
Irrigation Systems Rehabilitation -11.1 -29.6 -55.5
Municipal and'Rura Domestic Use 97.0 255.8 404.2
Industrial and Mineral 7.5 5.5 3.2
Thermal-Electric Power 10.5 37.6 61.3
Large Reservoir Evaporation i7.9 50.5 93.5
Small Reservoir Evaporation 9.8 16.7 17.8
Minor Ponds Evaporation 4.1 46.0 72.0
Livestock .6.1 12.1 19.0 1.4 5.1 10.5 17.0
Watershed Treatment and Protection 6.2 18.5 30.8
Wetlands and FWL Areas 2.3 2.3 2.3
Forestry Managemen -19.6 -71.1 -71.1
Importations _104.53 -337.0 -337.0
Conversion from Rural to Urban -50.0 -80.0 -135.0
Precipitation Management -24.0 .73.0 -243,0

Total for South Platte River 118.0 83.8 171.9 5.6 22.8 39.5 60.0

Above 1970 Level of Depletion.
2 Expected additional stream depletion 20 years later (2040) from ground.water pumping.
3 Imports from Colorado River watershed: To Denver Area To Cheyenne Area

Homestake 33.6 Little Snake 10.0
Blue 37.9
Moffat 23.0
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Table,30 - AVERAGE ANNUAL DEPLETIONS LOUP-ELKHORN-LOWER PLATTE RIVERS

Avuqe Aaud Dephdiua in Thousaid Acre-Feett

______ SMADIFo Ground Water____
1ieof bee 1980 200 20n0 ___ _ -1980 2000 2020

Cropland lrrigatio-i -Fuil Service 440.5 718.5 1026.3' 295.7 204.0 593.0 1159.0
Croplandlripgtioi - S,,t;plementaI 3  107.0 189.0 206.5 '32.0
Irrigation Systems Rehabilitation -6.5 -17.6 -32.8
MuniclO eand RurA Domestic Use 6.1 14.7 27.8 31.A 0 8.0 18.9
Industrial and Mineral 0 0 0
Thennal-Electric Power 2.8 11.2 16.4
Larp Reservoir Evaporation 39.7 72.3 162.5
Small Reservoir Evaporation 13.0 36.2 54.6
Minor Ponds Evaporation 1.3 10.3 26.7
Livestock 17.4 34.6 54.5 15.1 14.7 30.2 48.4
Watershed Treatmefit and Protection 11.0 32.9 54.9
Wetlands and FWL Arias 1.3 1.3 4.0
Forestry Managejnient 0 0 0
Importations (From Niobrara subarea) 0 -150.0 -230.0
Exportations (To Kansas Subbasin) 0 190.0 500.0
Precipitation Management 0 0 0 ____ ____ ____ ____

Total for Loup-Elkhorn-Lower r

Platte Rivers 633.6 1143.4 1871.4 373.9 218.7 631.2 1226.3

IAbove 1970 Level of Depletion.2 Expected additional stream depletion 20 years later (2040) from ground-water pumping.
3Includes future streamfiow, depletion from pre- 1970 pround-water developments.

Table 31 - AVERAGE ANNUAL DEPLETIONS NIOBRARA RIVER

-Average Annual Depletions in Thousand AcmeFeet1

f_____ Strinow _ ______Ground Water
Type of Use J 1980 2000 2D20 La 2  1980 2000 2020

Cropland Irrigation - Full Service 118.5 186.8 214.5 14.4 76.0 95.8 119.0
Cropland Irrigation - Supplemental 3  7,5 11.0 13.8 2.5
Irrigation Systems Rehabilitation 0 0 0
Municipal and Rural Domestic Use 0.2 1.0 1.2 0.4 0.4 0.9 1.3
Industrial and Mineral 0 0 0
Thermal-Electric Power 0 0 0
Large Reservoir Evaporation 19.5 39.5 42.5
Small Reservoir Evaporation 0 0 1.0
Minor Ponds Evaporation 0.2 2.0 5.0
Livestock 4.3 8.4 13.3 .3.7 3.5 7.4 11.7
Watershed Treatment and Protection 2.7 8.1 13.5
Wetlands and FWL Areas 0 0 0
Forestry Management 0 0 0
Importationw 0 0 0
Exportations (To Elkhorn) 0 150.0 230.0
Precipitation Management *0.- 0 0 ____ ____ ____ ____

Total for Niobrara River 152.9 406.8 534.8 1 21,0 1 79.9 104.1 132.0

I Above 1970 Level of Depletions.
26 Expected additional depletion 20 years later,
3 Supplemental Irrigation plus depletion for pre-1970 ground-water irrigation development.
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Table 32 - AVERAGE ANNUAL DEPLETIONS MIDDLE MISSOURI SUBBASIN

Aveap Ammed Depltos is Thowwd Aere-Fe t

_____111 meealo ____(md Water

Type of UL4 1980 2000 3020 .3 19.0 2.2 24.

Cropland Irrigation - Ful Service 217.5 770.1 1527.4 9.4 21.7 75.5 128.2
Cropland rs ition - Supplemental 0 0 0
Ir gation System s Rehabilitation 0 0 0
Municipal and Rural Domestic Use 22.0 40.0 65.0 1.2 1.6 2.9 4.8

Industrial and Mineral 0 0 0
Thermal-Electric Power 13.5 53.7 83.5

PLrgeaservo a Evaporation 46.1 66.8 100.7Small Reservoir' Evaporation 25.8 52.2 ? 1.0
Minor Pond% Evaporation 45.7 93.3 163.3

Livestock 34.9 76.3 131.6 0.3 2.0 2.2 4.1
Watershed Treatment and Protection 46.7 141.7 237.5
Wetlands and FWL Areas 27.1 40.6 40.6
Forestry Management 0 0 0
Importations 0 0 0
Exportations 0 0 0
Precipitation Management 0 0 0
Total for Middle Missouri Subbasin ._ 479.33 11334.73 12420.63 1 10.9 1 24.3 80.6 137.1

I Above 1970 Level of.Depletins.
2 Expected additional stream depletion 20 years later (2040) from ground-water pumping.
3 Includes depletions served by the Main Stem of Missouri River in incremental amounts of: 200.7 in,1980, S04.5 in 2000, and

552.2 in 2020;a total of 1257.5 above the 1970-level in 2020. Subbasin depletions above the 1970-level in 2020 are 1163.1.

Table 33 - AVERAGE ANNUAL DEPLETIONS KANSAS SUBBASIN

Avenge Annual Depletions in Thousand Acre-Feett

nSewflow Ground Water
Typeof Use 4980 2000 2020 Lag2  1980 2000 2020

Cropland Irrigation - Full Service 97.7 403.1 826.0 341.6 841.1 1288.7 2257.2
Cropland Irrigation - Supplemental 0 0 0
Irrigation Systems Rehabilitation 0 -4.7 -8.8
Municipal and Rural Domestic Use 5.0 12.8 26.0 12.5 1.0 2.2 4.0
Industrial and Mineral 0.4 1.2 3.7 5.0 0.2 0.5 1.3
Thermal-Electric Power 9.2 26.0 41.9 2.3 1.2 3.4 4,9
Large Reservoir Evaporation 40.7 109.7 147.4
Small Reservoir Evaporation 51.7 80.1 100.0
Minor Ponds Evaporation 16.7 76.1 109.1
Livestock 13.1 30.3 57.3 14.3 11.9 25.7 42.7
Watersed Treatment and Protection 23.1 55.6 87.7
Wetlands and FWL Areas 11.1 21.7 21.7
Importations 0 -190.0 -500.03
Gtound-water and Stream Recharge 4  0 1.24.51 1-43.51 0 -23.0 -75.0
Exportations 0 0 0
Precipitation Management 0 0 0
Total for Kansas Subbasin 268.7 621.9 912.0 375.7 855.4 1297.5 2235.1'

I Cumulative depletions above 1970 level.
2 Expected additional stream depletion 20 years later (2040) from ground-water pumping.
3 Imports disposition: Irrigation 344.0, Evap. 37.5, Ground-water Recharge 75.0, Stream Accretion 43.5.
4 Bracketed numbers are non-additive.

135



Table 34- AVERAGE ANNUAL DEPLETIONS LOWER MISSOURI SUBBASIN

Avue ArndW Deplitins in Acre-Fed
Shremlow Gndmed Wafr

Type 4jus 190 301 2020 Lag 1930 1 m 2020
Cropland Inigation - Ful Service 139.3 353.0 591.0
Cropland Irrigation - Supplemental 0 0 0
Irrigation Systems Rehabilitation 0 0 0 Ground-water withdrawals may
Municipal and Rural Domestic Use 20.0 64.2 164.2 temporarily deplete the water

,industrial and Mineral 8.0 13.0 22.0 tables, but full restoration may
Thermal-Electric Power 14.8 66.3 109.3 be expected within I or 2 years
Large Reservoir Evaporation 102.4 185.5 185.5 owing to the significant rainfall.
Small Reservoir Evaporation 70.8 121.6 152.5 Because pound water cannot be
Minor Ponds Evaporation 40.7 129.7 19-.2 permanently mined in these
Livestock 34.0 73.0 129.0 tributary streams, no depletion
Watershed Treatment and Protection 16.8 18.9 20.1 is assigned to pound water, and
Wetlands and FWL Areas 14.3 17.2 18.8 all expected depletions will
Forestry Management 0 0 0 directly diminish the local
Importations 0 0 0 streamflow.
Exportations 0 0 0
Precipitation Management 0 0 0
Total for Lower Missouri Subbasin 461.1 1047.4 1587.6

Above 1970 Level of Depletions.

minor except in the Platte-Niobrara and Kansas Sub- budgetary constraints or any changes in economic
basins. The last three columns of each table under the projections.
heading "Ground Water" represent depletions to the Streamflow" 'depletions for the Missouri Basin as a
ground-water aquifer; that is, "mining" of the ground- whole are also summarized by water-use categories in
water resource. Table 35 summarizes total depletions for figure 37. Figure 38 illustrates the growth of depletions

all water uses by development periods and subbasins and since 1865 and the expected future growth through
at selected locations-on the main stem of the Missouri 2020. Also shown is the remaining water supply at the
River. Depletions sho)wn are for the framework plan to mouth of the Missouri River, after allowances are made
meet the projected needs and do not consider possible for depletion effects.

Table 35 - SUMMARY OF AVERAGE ANNUAL STREAMFLOW DEPLETIONS AT SELECTED LOCATIONS

Incremental For Period Shown 1910 1910 1865

18651 1910 1949 1970 1 1980 1 2000 to to to

to to to to to 1970 2020 2020
Location 1910 1949 1970 1980 2000 2020 Total Total Total

(Thousand Acre-Feet)
Missouri River at Fort Peck Dam --- 657.22 465.4 280.0 424.0 46.0 1122.6 1872.6

Upper Missouri SLbbasin - 673.2 585.1 368.2 441.0 181.3 1258.3 2248.8
Yellowstone Subbasin .-- 268.9 361.0 573.1 423.5 496.4 629.9 2122.9

Missouri River at Williston, N.D. --- 942.1 946.1 941.3 864.5 677.7 1888.2 4371.7
Missouri River at Garrison Dam --- 956.5 1573.5 1528.6 1766.9 2141.4 2530.0 7966,9
Missouri River at Oahe Dam --- 990.7 2277.9 1988.7 2561.3 3239.6 3268.6 11058.2
Missouri River at Big Bend Dam -.. 998.2 2362.2 2003.7 2562.3 3242.6 3360.4 11169.0
Missouri River at Fort Randall Dam - -- 1023.9 2522.4 2070.7 2571.3 3254.6 3546.3 11442.9
Missouri River at Gavins Point Dam -.- 1030.3 2665.1 2223.6 2825.2 3382.6 3695.4 12126.8

Western Dakota Subbasin -- - 46.9 318.6 346.0 409.0 510.0 365.5 1630.5
Eastern Dakota Subbasin --- 49.3 266.2 834.1 1351.6 2226.2 315.5 4727.4

Missouri River at Sioux City, la, 2721.3 1038.9 2772.0 2267.5 2886.7 3571.0 3810.9 12536.1 15257.4
Missouri River at Omaha, Nebr.. -.. 1049.8 2843.3 2482.5 3236.7 4046.0 3893.1 13658.3

Platte Subbasin (only) 3  -. - 140.3 762.6 774.5 480. 804.0 902.9 2961.8
Missouri River at Nebraska City --- 1192.7 3666.9 3257.0 3717.1 4750.0 4859.6 16683.7

Middle Missouri Subbasin --. 32.1 347.2 479.3 855.4 1085.9 379.3 2799.9
Kansas Subbasin (only) --- 28.1 767.5 268.7 353.2 290.1 795.6 1707.6

Missouri River at Kansas City, Mo. .-- 1239.4 4649.3 3794.8 4571.0 5750.9 5888.7 20005.4
Missouri River at Boonville, Mo. --- 1265.6 4753.7 4051.9 4902.3 6025.1 6019.3 20998.6
Missouri River at Hermann, Mo. 5548.5 1280.9 4867.8 4257.9 5154.3 6262.1 6148.7 21823.0 27371.5

Lower Missouri Subbasin --- 41.5 218.5 461.1 1 586.3 540.2 260.0 1 847.6

I Available for this time period at Sioux City and liermann only,
2 Includes Fort Peck Reservoir evaporation of 441,000 acre.feet per year.
3 Fxcludes Niobrara Basin depletions.
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FIGURE 37
STREANWLOW DEPLETIMSY WTER US, 1S6-2020
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FIGURE 36
AVERAGE ANNUAL WATER SUPPLY AND DEPLETIONS water-resource developments, but do not indicate the

TOTAL MISSOURI BASIN, 1865-2020 degree to which each subbasin's water supply is utilized
?o or the magnitude of the remaining water supply.

I IFigure 39 has been prepared to illustrate these aspects of
AIM"IIR PAT " the framework plan.

- - The depletion totals listed in tables22 through 35
represent net depletions by development periods, utili-
zing "made" water to offset exports and consumptive

- use. "Made" water in this context represents additions
to each subbasin's normal water supply by imports,

TOTA .,WAEprecipitation management, forestry management, and
40 Y 5A j D L -conversion of land use from rural to urban. Figure 39

:31 ,,, 1 ,,.0 indicates the degree of utilization of the water supply
1if0 s 5,
1040 6.. so'? originating in each + subbasin. This assumes that "made"
1970 114 S" water will be available, as projected, to offset depletions.

S2000 at 1 44 t ,Figure 39 indicates that by the year 2020 proposed
2020 274 37,9 projects deplete less than half the available water supply

20o - - in the Upper Missouri, Yellowstone, Eastern Dakota,
1, Middle Missouri, the Kansas, and Lower Missouri sub-

DEPLETINS-. basins. In none of these subbasins is the "made" water a

I0 -- significant portion of the water supply or necessary in an
overall sense to the planned developments. However, in
the Platte-Niobrara Subbasin, the "made" water is very

-0---'- .. significant to the framework plan. In fact, analysis of the
160 so S 9o00 20 40 60 so o000 20 Platte River apart from the Niobrara River indicates that

YEAR the estimated depletiong in the 1910-2020 period exceed
the 1910 water supply and the level of developments
contemplated can be achieved only through utilization

WATER AVAILABILITY AND USE BY of water from, primarily, imports and precipitation
DEVELOPMENT PERIODS AND manag,.ment. In the Western Dakota Subbasin. the
SUBBASINS dependence on "made" water is not apparent, but the

planned developments result in depletion of over half
The detailed streamflow depletion data in tables 22 the water supply, an unusually high ratio of use for a

through 35 illustrate the depleting effects of proposed multiple-stream subbasin.
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FIGURE 39
AVERAGE ANNUAL STREAMFLOW DEPLETIONS AND AVAILABLE WATER SUPPLY

BY SUBBASINS AND DEVELOPMENT PERIODS
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For the Maouri Basin as a whole, depletions during studies, when compared with the 1970-level studies, are
the 1910-2020 period total almost 22 million acre-feet, indicative of the effects of added basin development
about 379i of the 1910 water supply. This magnitude of upon- the basic functions of the mainstem system and
water use ma ledly affects the services provided by t&- upon Missouri River streamflows below the system.
main stem resirvoirs and reduces flow levels available In the development of these future level studies, it
along the Missouri and the Mississippi rivers, was necessary to estimate the effects of the passage of

time and basin development upon the physical character-

MISSOURI RIVER MAIN STEM RESERVOIR istics of the reservoir system and the functional require-

REGULATION AT FUTURE DEVELOPMENT ments of the system. The transport of sediment into the

LEVELS reservoirs, and its accumulation therein, effectively
reduces the storage space available within the system to

The Missouri River main stem reservoirs were serve project purposes. The estimated annual sediment
described in chapter 6 of this report. This description inflow to each of the main stem projects is given in
included physical characteristics, storage allocations, table 18. It was assumed that this sediment would
general criteria for system regulation, and a summary of deposit within each of the reservoirs and reduce storage
accomplishments of the reservoir system to date. Also capacity in the same proportion as the storage contained
included was a discussion of a 1970-level regulation within any specific zone is related to the total storage of
study designed to evaluate the effects of operation of an the reservoir. It was further assumed that storage
initially filled reservoir system during a long period of requirements for specific purposes (flood control, etc.)
hydrologic record with streamflows depleted by the would be reduced with continued basin development at
1970-level-projects. a rate eqtalto the-sediment depletion of each-of these

To evaluate the effects of the main stem reservoir storage zones, resulting in pertinent elevations defining
system at future development levels, 1980-level, storage zones remaining at their current level. A tabula-
2000-level and 2020-level regulation studies were made, tion of the storage allocations assumed for these studies
similar to the 1970-level study, extending through the is given in table 36. The purpose of each zone is
historical record period, 1898-1968. The results of these described in chapter 6.

Table 36 - STORAGE ALLOCATIONS MISSOURI RIVER MAIN STEM RESERVOIR SYSTEM

Yer Fort Peck I Gmlsn Oahe ig Bsend Fort Randall Gavin, Point jSystemn
(IThousand Acre-Feet)

Excdudve Flood Control
1970 u1,000 V.500 1,100 175 1.000 65 4,840
1980 900 1,500 1.100 165 900 60 4,625
2000 900 1,400 1,000 160 900 55 4.415
2020 900 1,400 1,000 ISO 800 45 4,295

Annual Flood Control and Multiple Use
1970 2,700 4,300 3,200 --- 1,300 100 11,600
1980 2,700 4,200 3,100 .-- 1.300 90 11,390
2000 2,600 4,100 3,000 ... 1,200 85 10,985
2020 2,500 3,900 2,900 ... 1,100 75 10,475

Caryover Multiple Use
1970 11,100 13,600 13,800 260 2,200 200 41,160
1980 10,900 13,200 13,400 250 2,100 185 40,035
2000 10,700 12,700 13.000 235 1,900 165 38.700
2020 10,500 12,300 12,600 220 1,800 150 37,570

Inactive
1970 4,300 5,000 5,500 1,465 1,200 175 17.640
1980 4,300 4,800 5,300 1,400 1,200 160 17.160
2000 4,200 4,700 5,200 1,325 1 .0 145 16,670
2020 4,100 4,500 5,000 1.255 1,000 130 15,985

Total
1970 19,100 24,4(0) 23,600 1,900 5,700 540 75,240
1980 18,800 23,700 22,900 1.815 5.500 495 73,210
2000 18,400 22.9(0) 22,200 1,720 5,100 450 70,710
2020 18,000 1 22,100 1 21,500 1 1,625 1 4,700 400 68,325
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It was also assumed that continued operation of te l904evel studies. Shortening of the navigation season,
reservoir system would result in continueJ degradation when necesry, was also done in a similar manner.
below three of the main stem projects. The Garrison A furthe criterion specified that navigation season
tailwater was assumed to lower one foot from the lengths would not be reduced to less than a 4-month
present level by 1980 with an additional 7 feet occurring duration. If storage levels were expected to fall'to such
prior to 2000, thcn holding through 2020. At Fort an extent that- season lengths of at least 4 months could
Randall, the- tailwater was assumed to lower 5 feet by not be supported, navigation would be discontinued
1980, an additional 5 feet by the year 2000, then until such time sufficient storage had again been
stabilizing through 2020. Gavins Point tailwater eleva- accumulated to provide 4-month or longer navigation
tion I foot below present levels was assumed by 1980 seasons.
with an additional 10 feet of drop for the 2000 and Regulation criteria for flood control, the release of
2020 studies. No change from present levels was water in excess of navigation requirements as a storage
assumed below Fort Peck. Oahe and Big Bend. evacuation measure, and the selection of navigation and

Conditions and objectives of the future level regula- non-navigation system release rates were similar to those
tion studies were similar to those of the 1970-level utilized for the 9704evel studies described in chapter
study, with consideration given to the planned increase 6. Rules specifying the internal regulation of-the system
in water resource developments. Reach boundaries uti- were also quite similar to those given for the 1970-4evel
lized, monthly reservoir evaporation rates, and historical studies. An addition was that, during years when it was
streamflow for the 1898-1968 period were identical with not possible to maintain the navigation function~below
the 1970 studies. Adjustments to the historical flows the system, the drawdown of Fort Randall would not-be
were made to recognize the basin development which made. Under such conditions, releases from Big Bend,
has actually occurred since the date of the flows and also Fort Randall, and Gavins Point would be based on
to recognize the further basin development which is passing Oahe releases of 6,000 cfs plus incremental
expected to occur in the future to the time of the inflows between Oahe and, the affected project.
development level under consideration. Month-by-month Long-range reservoir regulation studies of this type
adjustments for the level under study were obtained by are exceedingly complex, involving the development of
abbreviated reservoir regulation studies, similar to those numerous detailed criteria intended to regulate each
described in chapter 6. A portion of the flood control reservoir within the system in a reasonable manner
storage space that is planned to be provided in the new within the framework of the general criteria developed
upstream tributary reservoirs was assumed to be avail- to sustain the functions for which the system was
able for replacement of annual flood control and authorized. These criteria must be applied on a month-
multiple-use space in the main stem system, theeby by-month (or shorter time interval) basis through the
effectively increasing the permissible system storage at period of examined record. As a consequence, even with
the base of the annual flood control and multiple-use the maximum practical use of electronic computers,
zone by a corresponding amount. The amount of this limitations on the time and effort which can be
type of space assumed for 1980.level studies was expended prohibit a completely exhaustive investigation
1,200,000 acre.feet, identical to that considered avail- into what might be considered the optimum manner of
able for the 1970-level studies. The amount of this type reservoir regulation for each of the development levels
of space available was assumed to be 2,200,000 acre-feet under consideration. With the assumptions which are
by the year 2000 and 2,600,000 acre-feet by 2020. required to project the effects of basin development on

Powerplant characteristics with linits on peaking and fiture flows, such an exhaustive investigation probably
generation were assumed to be unchanged from those would serve no useful purpose. Therefore, it can be
used in the 1970 studies. Maximum and minimum considered that the studies which have been made are
release limitations were also identical to the 1970-level exploratory in nature, but present both qualitative and
studies. As with the 1970-level studies, ininimum re- reasonably valid quantitative estimates of the effects
leases from all projects above Gavins Point were asstmed that future basin development will have upon the
adequate to meet water quality control requiremeiis in functions of the main stem system and Missouri River
the affected downstream reaches. Releases from 6.ivins flows below the systetu.
Point were increased when necessary to meet inhltlltum
water quality control requirements of 1,000 cfs at Sioux Conclusions. resulting from analyses of these studies,
City. 3,000 ces at Onuaha and 2,(0 cfs at Kansas City are as follow:
during the 1980.level studies, respective flows of 1,000, a. The studies-denmonsatite that for-all basin develop.
3,500 and 3.000 cfs for the 2000.level studies and ment levels the reservoir system. with assigned
1,000. 4,0(X) and 4,(X0) ct' for the 2020.level studies. flood control'storage capacities, was fully effective

Flow requirements for n:avigation below lte systein for flood control for all rutnoff conditions experi.
were assumed to be similar -to those selected for lite enced during le 1898.1968 period of record, as
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adjustedto the approliate levels of basin develop- trwm full servic levels (or 10 succesive ytars
meat.-A resere of exclusive flood control storage while short term deficiencies in water supply
space was maintained at all tikes In addition, outside of thee main- draht e"isresulted in
relea s rom individual projects did not exceed Shortening of themnavigat ason during 4 other
their respective downtmream channel capacities. years. By the year 2020, the effect of basin
Sioux-Ciy lo*s were at all times at or below the development on the navigation function of the
level permitted by the downstream floodpoten- system becomes extreme. In only 15 years of the
tial. Under 1970.leM conditions, there were 71-year period of record was it possible to provide
30 months during the 1898-1968 record period fun 8-month navigation seasons. It was neceWary
when, due to the downstream flood potential, to eliminate navigation entirely for I I as .iSSiVe
'system releases had to be reduced below the levels years of the 1930 drought and for 2 Wuccessive
which -would be indicated for storage evacuation years of the drought of the late 1950's. Shortened
purposes alone. At the 1980.level of development, seasons were quite common through the entire
system release reductions for this reason were record period. The distribution of navigation
required for only 6 months during the same record season lengths during the 1898-1968 period for
,period, while at the 2000- and 2020-levels no such each of the examined development levels is shown
reductions were necessary. by the following tabulation:

b. Sufficient releases were maintained from the reser-
voirs during all of the examined levels of develop-, Seeso Leagtk, Yews Experknced for Indk'aed
ment to meet the requirements for irrigation from Months Dedopment LeWe
the river below the projects. The effects of 1970 1980 200 2020
irrigation projects upon inflows into the system
and releases from the system were considered 8.00 66 61 43 15
throughout the studies. Diversions from both 7.75 1 3 3
Garrison and Oahe reservoirs for irrigation of lands 7.50 1 2
in thezeastem Dakotas, at appropriate levels, were 7.25 I 1
considered in the post-1970 studies. 7.00 1 3 4

c. Navigation flows averaging 25,000 to 35,000 cfs at 6.75 2 1 2 5
Sioux City were maintained from 23 March 6.50 2 4
through 22 November to provide full 8-month 6.25 1 4
service to navigation for 66 years of the 71-year 6.00 5 7
study of the 1970-level development. With the 5.75 3 1 2
anticipated 19804evel development the number of 5.50 2 2 1
years during the 71-year record period with full 5.25 2
length navigation seasons was reduced to 61. By 5.00 1 1
the year 2000, full length navigation seasons 4.75 1
would appear practical only during 43 years of the 4.50
record period and this number is further reduced 4.25 1 2
to only 15 years by 2020. The extreme drought 4.00 7 6
period which occurred in the 1930's resulted in a 0.00 1 1 13
slight decrease of navigation season lengths during Total 71 71 71 71
5 years of the 1970-level study. The 1980-level
development required substantial decreases in the
navigation season lengths for 9 years of the 1930
drought. In addition, at this level, the 1961 d. Water quality control requirements on the
n.vigation season length was also reduced below Missouri River were met throughout the study
the full service level as a result of drought period for all development levels. During all years
conditions prevailing prior to and including that with full 8-month navigation seasons, and in all
year. The 2000-level of development was accom- years while navigation releases wer, being made,
panied by 14 successive years during the 1930 releases for other' purposes exceeded the water
drought period during which extreme reductions quality control requirements. Additionally, during
to the navigation season length were made. It was those years when navigation was eliminated and
necessary to completely eliminate navigation re- system releases were based on water required for
leases for one year of this period. The drought of power peaking operations, they were generally
the late 1950's and early 1960's required naviga- sufficient to meet the water quality control
tion releases for the 2000-level study to be reduced requirements. During other non-navigation
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periods, preceded by -a shortened nav~gation sea- date, but It was reasonied- that the results obtained
Amn these requiremnents (aid water intake require- were adequate for a framework itudy.
ments) aeblishied system releases. f. The average nwnthly dltrftiutiou of, system energy

e. The nameplate pow rating and the December for the enti record period waas sshou in the
peaking capability, at the end of the fourth year of following table. The main stem enery generation
the drought of the 1930's were as shown in the shown for 2020 represents about one-fourth of the
following table. The main stem hydroelectric total projected hydroelectric generation in the
capability dwm for 2020 reMresnts about one- basin and about I percent of the total energy re-
third of the total existing and projected hydro quirements by that date in die power region.
capacity in the basin at that time, and about 1-1/2
percent of the combined thermal and hydro
capacity bythat date in the power region. Awil Gamw r 22Mb

10 70 1t90 2M, 220

Match 16-31 358 330 297 232
De~. !wI9JJr ' April 724 677 610 536

__WK_ l _tIM 2W May 773 733 642 555
,KW 1970 198 2 2 June 742 673 600 522

Fort Peck 165 185 179 171 176 July 922 805 730 631
Garrison 400 399 379 405 363 August 958 891 789 630
Oahe 595 526 488 504 421 September 800 739 671 550
Big Bend 468 538 538 538 528 October 802 736 635 489
Fort Randall 320 277 302 335 360 November 1-15 367 332 292 220
Gavins Point 100 66 67 77 77 November 16-30 390 352 309 209

2048 1991 1953 2030 1925 December 778 722 615 431
January 720 662 561 370
February 596 552 466 308

The preceding table indicates that future develop- March 1-15 300 283 248 181
ment is estimated to have only a minor effect Annual 9230 8487 7465 5864
upon the peaking capability of the system as a
whole. Although the amount"of system storage in

December 1933 varied from 41.9 million acre-feet Salient features of the 1970-level study were pre-
with the 1970-development level to 37.3, 35.6, sented in chapter 6 of this appendix. Plates 33 through
and 31.5 million acre-feet, respectively for 1980-, 40 of this chapter present similar features of the 1980-,
2000-, and 2020-development levels, the reduced 2000- and 2020-level studies. Annual volumes at Sioux
-storage content in later development levels is City through the 1898-1968 record period for each of
partially compensated for by the deposition of the development levels are compared with similar
sediment within the reservoirs, which causes higher volumes at the approximate 1949 level of water resource
pool levels for a given storage. In addition, the development, uncontrolled by main stem reservoirs,
assumptions regarding tailwater lowering have the illustrating the effects of the development including
effect of maintaining comparable peaking capa- main stem regulation upon runoff at this location.
bility even with lowered pool levels. The apparent System storage at the appropriate development levels is
anomaly, indicating an increase in the peaking also shown on these plates, and is compared with the
capability from the 1980- to the 2000-develop- 1970-level system storage. This comparison indicates the
ment level, results from the relatively minor estimated effects of sedimentation upon the zones
difference in system storage at the two levels containing specific types of storage in the system, as well
combined with the assumptions that sediment as theeffects of anticipated water-resource development.
would accumulate at a normal- rate through the Also shown on these plates are the services provided the
20-year period and that substantial lowering of functions of power and navigation and the comparison
tailwater elevations of particular projects (as des- of the increased development level upon these services
cribed in a preceding paragraph) would occur with the services provided at the 1970.level. Plate 40
during the period. This anomaly could have been presents flow-duration curves indicating the effects of
removed by modifying the 2000-development level the main stem system and the development of water
reservoir regulation criteria to provide somewhat resources at selected locations below the main stem

better service to navigation and power in the system. Detailed results of these studies, month by
months and years preceding December 1933, with month, through the 1898-1968 record period, as well as
a compensating reduction in service following this summarizations of specific elements related to the
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systm OF pFojcts comprising the system are on tile in to construction-of the main stein reservoirs. Subb.equent
the :Reservoir Control Center, Missouri River Division, to closure of these -reservoirs, the "historic" curves oni
Corps of Engineers, the referenced plates show monthly flows .is they would

The "historic" conditions hydrographs and curves have occutied without regulation. by the nuin stemn
shown on -plates 36 and 40 represent actual- flows prior system.
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