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FORT PECK LAKE
MISSOURI RIVER
MONTANA

PERTINENT DATA

1. PURPOSE.

Originally authorized for navigation, incidental flood control and power.
The 1944 Flood Control Act modified authorization to provide for operation
for flood control, power, irrigation, navigation and other purposes.,

2. AUTHORIZATION,

a. Recommended to Congress by House Decument No., 238 dated
30 September 1933 (734 Congress, 2d Session).

b. Approved by the President of the United States by Executive
Order on 14 October 1933.

c. River and Harbor Act approved 30 August 1935 (P.L. No. 409-
7Lth Congress). ’

d. Fort Peck Power Act approved 18 May 1938 (P.L. No. 529-75th
Congress, 3d Session).

e. Flood Control Act of 1944 (P.L. No. 534-78th Congress, 2d
Session).

3. " LOCATION OF DAM.

State Montana
Counties McCone and Valley
River Missouri River, 1771.5 above

the mouth (1960 mileage)
17 miles southeast of Glasgow,
Montana, and 9 miles south of
Nashua, Montana

4. DRAINAGE AREAS.

Total Missouri River Easin, Sq. Mi. 529,350
Above Fort Peck Dam, Sq. Mi. 57,500

xi



5. STREAMFLOW DATA

Natural Flow at Damsite, c.f.s.

Maximum (Estimated - 1908) 154,000 (1)
Maximum of Record (1953) 137,000 (1)
Minimum (1936) 1,120 (1)
Average 10,000 (1)
Actual Regulated Flow at Damsite, c.f.s.
Maximum (1975) 35,400 (2)
Minimum (1940, 1943 & 194L) 0 (2)
Average 9,000 (2)

Average Annual Runoff at Damsite (1898-197L) 7,256,000
Acre-Feet Adjusted to 1949 Level of Depletion

Note (1) For period 1898-1675, incl.
Note (2) Average daily release during period 1938-1975 incl,

6., RESERVOIR DATA

Aporoximate Length of Reservoir, miles
(Pool Level at Maximum Normal Opcrating

Level and 1960 River Conditions) 134
Shoreline, miles at Elev. 2234 1,520
Elevation Gross Storage Gross Area
Storage Capacity M.S.L. Acre-Ft, Acres
Maximum Op<rating Pool 2250 18,900,000 2L9,000
Maximum Normal Operating Pool 2246 17,900,000 240,000
basc of Flood Control Pool 2234 15,200,000 212,000
Minimum Operating Pool 2160 4,300,000 92,000
Exclusive Flood Control 2250-2246 1,000,000
Flood Control and Multiple Use  2246-2234 2,700,000
Carryover Multiple Use 234,~2160 10,900,000
Inactive Storage 2160--2030 1,300,000
7. DM, | ,

Smbankment Type - Hydraulic and Rellec Earth Till
Abutmant Formations - bearpaw Chale and Glacial Till

Top of Embankament, Blev. Ft. m.s.l. 228045 °
Total Crest Length, Feet 21,026
Maximum Height, Feet ‘ 250.5
Damming Height (Low Water to Max. Oper. Pool) 220
Ten Width, Feet 50
Muximum Lase Width, Feet 4,500 °
i1l Quantity, Cubic Yards 125,628,000

xii



8. SPILLWAY.

Location Right Bank - Remote
Type - Chute, Concrete Lined with Gated Overflow Weir
Crest Elevation, Feet m,s.l. 2225
Crest Length, Gross, Feet 820
Crest Length, Net, Feet : 6140
Gates - Stoney Vertlcal Lift - No. & Size, Feet 16 - L0 x 25
Design Discharge Capacity, c.f.s. 250,000
Discharge Capacity at Maximum Operating Pool,

(Elev. 225F) c.f.s. ' 230,000
Discharge Capacity at 3.5 Feet Surcharge Above Maximum

Pool (Elev. 2253.5) c.f.s. 275,000

9. OUTLET WORKS.,

Location Right Bank

Type - Concrete Lined Tunnels

Tunnels, No. and Dia. in Feet 2 ~ 24.67
Tunnels, Length, Feet , 6,615 & 7,240
Main Control Gates, Type Cylinder
Main Control Gate Size, Feet 12 x 28 Dia.
Emergency Gates, Type - Vertical Lift Tractor
Emergency Gates, No., and Size, Feet

(Each Tunnzl) 2 - 11.5 x 22
Discharge Capacity per Tunnel, c.f.s.

(Reservoir Water Surface at Elev, 2250) 22,500
Present Tailwater Elevation, Feet m.s.l. 20332037
Intake Inlet Llevation, Feet m.s.l. 2095 -
Intake Invert Elevation, Feet m.s.l. 2030

10. POJER STRUCTURES

Location Right Bank
Powerhouse, Type Indoor Reinforced Concrete
Tunnels - Concrete Lined with Steel
Tunnels - No. and Dia. in Feet 1 = 24.67 & 1- 22,33
Tunnels Length, Feet 5,653 & 6,355
Gates, Type Vertical Lift Tractor
Gates per Tunnel, No., cud Size in Feet 2 - 11.5 x 22
Surge Tanks, No. and Lia. in Feet PH #1 3 - 40
PH #2 2 - 65

xiii



11. POWER _INSTALLATION.

Average Gross Head Available, Feet 193
Number of Generating Units 5
Turbines, Type Francis
Turbines, Speed, rpm PH #1 2 -~ 128,5, 1 - 164
PH #2 2 - 128.6

Discharge Capacity at Rated Head, c.f,s. PH #1 7,800
PH #2 7,200

Generator Rating, KW 2 - 35,000 1 - 15,000 2 - 40,000

12. POWER AVAILABLE,

Plant Capacity, KW 165,000
Dependable Capacity, KW (3) 173,000

Average Annual Energy, KWH (4) : 1,019,000, 000
Note (3) Based on Lth year of drought drawdown. (From 1970 Level Study
1-74-1970)

Note (4) Eased on study 1-74-1970

xiv



MISSOURI RIVER BASIN
MAIN STEM RESERVOIR SYSTEM
RESERVOIR REGULATION MANUAL
IN 7 VOLUMES - VOLUME NO. 2
FORT PECK MANUAL
SECTION I -~ AUTHORIZATION AND SCOFPE

1-1. Authorization. This manual has been prepared as directed in
ER 1110~2-2/0 and in accordance with pertinent sections of EM 1110-2-3600,

"Reservoir Regulation."

1-2, Scope. The Missouri Main Stem System of reservoirs consists of
six reservoirs, Fort Peck (Fort Peck Lake), Garrison (Lake Sakakawea),
Oche (Lake Oahe), Big Bend (Lake Sharpe), Fort Randall (Lake Francis
Case), and Gavins Point (Lewis and Clark Lake) eonstructed by the

Corps of Lngineers for the purpose of flood control and other multiple
use purposcs. In order to achieve the multipurpose benefits for which-
the main stem reservoirs were authorized and constructed, they must be
operated as a hydraulically and electrically integrated system. There-—
fore, the Master Manual presents the basic objectives and the plans
for their optimum fulfillment, with supporting basic data. The Fort
Peck Manual serves as a supplement to the Master Mamual and covers in
detail the factors pertinent to the regulation of the Fort Peck lake
ineluding hydrology, hydrologic networks, forecasting and methods of
regulation for multipurpose and flood control. The flood control
regulation of tributary reservoirs located within the Missouri River
Basin which will affect the regulation of Fort Peck Loke is detailed
in separate manuals prepared for each of the individual projects.

1-3. This manual is one of the 7 volumes being prepared for the main
stem reservoirs as follows:

Volume Projeect

1 Master Manual
2 Fort Peck

3 Garrison

L Oahe

5 Big Bend

6 Fort Randall
7 Gavins Point



SECTION II -~ BASIN AND RIVER DESCRIPTION

II-A. Basin Geography

2-1. Location. The portion of the Missouri River Basin discussed in
this manual includes the drainage basin above Fort Peck Dam and the
incremental drainage area between Fort Peck Dam and the mouth of the
Yellowstone River, including the Milk River Basin, The Yellowstone
River Basin since it is the major contributor of inflows to Lake
Sakakawea is descriked in the Garrison Manual (Volume 3)., The Missouri
River drainage area above the mouth of the Yellowstone River totals
92,520 square miles of which 82,750 square miles lie within the United
States and 9,770 sguare miles in Canada. The western boundary is formed
by the continental divide; the southern and eastern boundaries are formed
by the northerly divide of the Yellowstone River Basin; and the northern
boundary by the Hudson Bay divide in Canada. Over one-half of the state
of Montana and a very small portion of the states of Wyoming and North
Dakota lie within this area. An area of 57,500 square miles, extending
fram Fort Peck Dam west to the continental divide, is controlled by
Fort Peck Iake, The Fort Peck drainage is bounded on the_north by the

general map of the entire Missouri River Basin. The drainage basin above
Fort Peck Dam and the incremental drainage area between Fort Peck_Dam.,

2-2., Topogravhy. The terrain of the upper Missouri River Basin ranges
from mountainous in the upper reaches on the eastern slope of the Rocky
Mountains to the relatively flat or rolling Great Plains which commence
as broad piedmont slopes and extend across the eastern two-thirds of the
state of Montana. The Great Plains ars broken by isclated areas of
mountainous uplift such as the Bear Paw, Little Rocky, Highwood, Judith,
and Big Snowy Mountains. The relative levelness of the plains is further
modified by streams flowing through broad valleys paralleled by terraces
and high bluffs. The area to the south of the Missouri River ranges from
local badlands to moderately sloping land. ZExtremes of elevations are .
the 1847 feet m.s.l. streambed elevation of the Missouri River near the
mouth of the Yellciwstone River to mountain peaks of over 10,000 feet
m.s.l, in the western part of the basin. Mountain drainage areas above
elevation 6000 feet m.s.l. in the Missouri River Basin above Fort Peck

Dam total approximetely 13,200 square miles,

2-3. Drainage Pattern. The Missouri River is formed by the confluence
of the Gallatin, ladison, and Jefferson Rivers near the town of Three
Forks in southwestern Montana. Above Three Forks, the Gallatin, Madison
and Jefferson Rivers spread in a fan-like manner to their sources in the
principal and secondary ranges of the Rocky Mountains. From Three Forks,
the Missouri River flows northerly to the vicinity of the town of Wolf
Creek and then northeasterly through the city of Great Falls to the town

II-1



of Virgelle. From Virgelle the Missouri River flows in an easterly
direction through Fort Peck Lake to its confluence with the Yellowstone
River near Williston, North Dakota. Most of the tributaries originate
in the mountain areas. Principal tributaries above the mouth of the

Yellowstone River are shown in Table 1. Minor tributaries include the
Dearborn River, Arrow Creek, Belt Creck above Fort Peck Dam, Little
Porcupine Creek and Wolf Creek between Fort Peck Dam and the mouth of

the Yellowstone River and numerous smaller streams.

2~. The Milk River, with a drainage area of about 23,200 square miles,
is the only major tributary which materially affects the flow of the
Missouri River between Fort Peck Dam and the mouth of the Yellowstone
River. The headwaters of the Milk River rise in -Glacier County, Montana
on the eastern slope of the Rocky Mountains at an elevation of about 7,000
feet m.s.l. where mmerous small spring-fed and lake-fed streams flow down
through steep, narrow coulees to join and form the South Fork of the Milk
River. Farther north in Glacier County, the North Fork rises at an eleva-
tion of about 5,200 feet m.s.l. The two forks flow northeasterly “hrough
narrow valleys into Canada, joining to form the Milk River about 14 miles
west of Milk River, Alberta. About 460 miles above the mouth, the Milk
River again crosses the international boundary, re~entering the United
States at Eastern Crossing near Goldstone, Montana. From this point to
Malta, Montana, the river follows a circuitous course through the wide
valley marked with bench lands which once was the course of the preglacial
Missouri River., Below the mouth of the Big Sandy Creek near Havre,
Montana, the Milk River is a sluggish meandering stream with many oxbow
lakes along its course. The flood plain is generally quite flat, but
frequent sloughs, representing former channeis give the arable land an
irregular outline. As far east as Malta the Milk River valley widens to
about 3 miles in width. Below Malta, the Milk River leaves the early
course of the Missouri to flow through a narrow valley in the northern
uplands knowm as the Big Bend Country. At Hinsdale, the river re-enters
the wide preglacial Missouri valley which it follows to its confluence with
the present Missouri River below Fort Peck Dam.' Numerous small lakes, both
natural and artificial, which tend to decrease the runoff from storms, are
found in the basin. The drainage pattern of the Missouri River above the

mouth of the Yellowstone River is shown on:'Plate 2,

2~5. Stream Slopes. The total fz2ll of the Missouri River from its head-
waters at the confluence of the Jefferson, Madison and Gallatin Rivers to
Fort Peck Dam is approximately 2,000 feet and averages 3.7 feet per mile.
Slopes range from 4.8 feet per mile for the reach from Three Forks (head
of the river) to Cascade, Montana, 0.5 foot per mile for the reach from
Cascade to above the falls at Great Falls, 4O feet per mile from above the
falls through five reservoirs to below the falls at Morony Dam, 5.7 feet
per mile from Morony Dam to Fort Benton, to 2.2 feet per nile from Fort
Benton to the head of Fort Peck Lake. The total fall of the Missouri River
between Fort Peck Dam and the mouth of the Yellowstone River is approxi-
mately 183 feet and averages 0.9 foot per mile. The length of the lilk

I1-2
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TABLE 1

Principal Missouri River Tributaries Above the Mouth of the Yellowstone River

Stream

Bank of

1960 Missouri River

Drainage Area Total Fall Length Average Slope

Jefferson River
Madison River
Gallatin River
Smith River

Sﬁn River
Marias River
Teton River
Judith River
Musselshell River
Milk River
Redwater Creek
Popiar River

Big Muddy Creek

(1) Includes drainage area of the Teton River.

(2) Teton River is a major tributary of the Marias River.

Missouri River Mileage at Mouth (Sq. Mi.) (Ft. MSL) (Miles) (Ft. Per Mile)
- 2316.k0 9,661 4,400 245 18.0
- 2316.40 2,531 4,400 164 27.0
- 2315.14 1,826 L ,800 100 48.0
Right 21k6.%0 2,021 4,200 126 33.3
Left 2120.79 1,991 3,900 123 31.7
Left 2051.18 9,147 4,150 261 15.9

- (2) -- 1,989 4,650 204 22.8
Right 198k, 25 2,750 4,600 130 35.4
Right 1867.34 9,0k0 5,250 281 18.7
Left 1761,50 23,159 4,780 705 6.8
Right 1681.31 2,113 Tho 115 6.4
Left 1678.56 3,340 9L 126 7.5
Left 1630.36 2,693 860 106 8.1



River from the confluence of the north and south forks and its mouth

is appraximately 625 miles, and it has an average slope of about 2.6
feet per mile. The average slope of the MMilk River varies from O.4
foot per mile between its mouth and Nashua, Montana, 1.0 foot per mile
between Nashua and Malta, Montana, 1.3 foot per mile between Malta and
Havre, lontana, and 5.0 feet per mile between Havre, llontana, and the
confluence of the north and south forks. The north fork of the Milk
River has an average slope of about 21 feet per mile and the South Fork
a slope of about 26 feet per mile. The total fall and average slope of
the principal tributaries_of the Missouri River in the Fort Peck drainage
basin are shown iniTable 1. Profiles of the Missouri River and its

2-6. Geology. The Missouri River headwaters is in an area underlain

by Miocene rocks. Beneath the Miocene rocks and exposed at higher
elevations in the adjacent mountains are rock of various Paleozoic
systems. Downstream at a point southeast of Helena, the Missouri River
enters a broad area of pre-Cambrian granites and other igneous rocks.

The valley has cut into these rocks to the bend of the river near Craig,
in Lewis and Clark County. From this point eastward to the Fort Peck

Lake the Missouri River flows in a valley cut in Cretaceous rocks. These
Cretaceous rocks are represented by the Colorado shale, Eagle, Claggett,
Judith River and Bearpaw formations and consist of marine depocits of shale
and sandstones, and some lignite and cocal. Tertiary intrusions of igneous
dikes and sills occur in the general area south of the Bearpaw mountains.
The Bearpaw mountains lie approximately 20 to 25 miles north of the
Missouri River Valley and were formed during the Tertiary period. Depos-
its of Pleistone glacial drift covers most of the upland plains area, .
with the exception of the area south of the Bearpaw mountains and adjacent
Little Rockies. These mountains formed a barrier which blocked the ad-
vancing ice sheets, diverting the flow of ice to the east and west sides
of the mountains. Prior to glaciation in this area, the Missouri River
flowed in a general northeasterly direction from Fort Benton around the
north side of the Bearpaw mountains and east in the valley now occupied
by the Milk River. This preglacial drainage of the Missouri River was
blocked by the advancing ice sheet, ultimately diverting the river in an
easterly direction south of the Bearpaw mountains to its present course.

2~7. The basin of the Milk River is situated east of the Rocky Mountain
uplift, formed in a large area of almost horizontal beds and surfaced by
erosion, weathering and glaciation. Bedrock may be found from 75 to 125
feet below the surface with a dip to the east,, Far below the surface rock
extends a syncline of the limestones, sandstones, and shale of the older
formations dipping to the west., Outcroppings throughout the basin reveal
a succession of formation ranging in ages from the Lower Paleozoic to
Tertiary. Two anticlines, the Milk River and the South Fork, occur in the

upper basin.
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2-8. Soils. Due to variance of precipitation, temperatures, vegetation
and topography the major soil groups change with decreasing elevation from
the Podzol, Brown Podzolic and Gray Wooded soils developed under forest.
cover, to the Chernozem, Chestnut and Brown soils developed under grasses

in the lower valleys. In the mountainous regions of the western and
southwestern portions of the basin the soil cover consists mainly of
partially decomposed rock which may be residual at the site of decomposition,
may be slowly moving down the slope under the influence of erosion and
gravity, or may have accumulated in the valley bottoms, Many of.the moun-
tain soils are thin and poorly developed since the soil material often is
eroded from the slopes and deposited in the valleys. In most of the eastern
portion of the basin the soil cover has matured under the climatic regime

of cold winters, warm sunmers and low precipitation, and a vegetation con-
sisting of grasses. ILow topographic relief reduces the possibility of soil
movement. This relative stability of the soil has permitted accumulation

of humus from the natural grass cover of the plains, being quite similar
over large areas regardless of the kind of rock from which they have
developed. These soils have dark surface layers and are underlain by depos-
its of lime. Extensive areas of alluvial soils occur along the Missouri
River and its tributaries in the upper Missouri basin. Soils in the Milk
River basin have been derived from alluvial deposits, from glacial drift

and from disintegration of geolozical formations. Most of the arable soils
of the upper Missouri River basin are inherently fertile and are suitable
for continued profitable cultivation when supplied with adequate and prop-
erly distributed moisture. Soils in the stream valleys and bottoms and on
the first terraces or benches are, in general, the most productive. Most

of these soils are of medium texture and have good natural drainage. Areas
of the Missouri River are in glacial tills, while south and east of the
river many of the soils have their origin in shales and sandstones,

2~9, Vegetative Cover., Natural vegetative cover includes the dense growths
of coniferous trees on the high mountain slopes of western and southwestern
Montana, the thin stands and isolated patches of trees along the streams in
eastern Montana, and the grazing land in the mountain and plains areas. The
margin of the forests lies above elevation 6,000 feet. The better grazing
land is in the high valleys and mountain peak areas. MNatural vegetation in
the low areas and prairies consists principally of grass and sagebrush ex-
cept for the thin stands of timber along the streams. Irrigation is prac-
ticed where water supplies can be easily obtained from the lowest altitude
to the high mountain valleys. Although most of the irrigated acreage is
located in the southwestern portion of the basin and along the Milk River
there is some irrigation along the Missouri River and its other principal
tributaries throughout the basin. Dry land farming is practiced in the
prairies in eastern Montana. Approximately 73 percent of the land in the
drainage basin above Fort Peck Dam is in farms and ranches and 18 percent
in forests. In the incremental drainage area between Fort Peck Dam and

the mouth of the Yellowstone River, exclusive of the Milk River basin,
approximately 89 percent of the land is in farms and ranches and only 0.25
percent in forests, In the Milk River basin approximately 75 percent of
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the land is in farms and ranches and 3 percent in forests. The balance of
the land in these areas includes water surfaces, land used by highways,
railroads, industries and other miscellaneous uses.

2~10. Population and Industry. The upper Missouri River basin is sparsely
populated. The portion of the basin within the United States had a popula-
tion of approximately 305,000 persons in 1960, which gives a density of 3.6
persons per square mile., The majority of the urban and rural population

is located in areas bordering the major streams. The larger cities include
Helenz and Great Falls on the Missouri River, Bozeman on the Gallatin

River and Havre on the Milk River. The upland areas and mountain regions
of the basin are sparsely populated with most of the population living in
small towns and villages. Agriculture is the principal industry of the
basin and the majority of the population is supported directly, or indirect-
ly, by farming or cattle raising. Other industries important to the basin
include oil and pgas production and refining, railroad and highway trans-
portation, mining and manufacturing.

II-B, (Climatology.

2-11., General, The climate of the upper Missouri River drainage basin
varies from semi~arid in the eastern portion and the lower elevations in
the central portion to subhumid in the mountainous areas along the conti-
nental divide, The climate of the basin is influenced by the barrier
effect of the mountain ranges in the west and southwest, the differences
in elevations, the interior location on the American continent, the
latitude, and the movement of air masses and stormms. These factors result
in large variations in annual and daily temperatures and relatively low
amounts of precipitation within the basin.

2-12. Annual Precipitation., Principal moisture<bearing air masses
approach the upper Missouri River drainage basin from the Pacific Coast,
however, a large portion of their moisture is lost as precipitation in
crossing the more western mountain ranges of the econtinent. Crossing the
main range of the Northern ‘Rockies results in further uplift of the air
masses and precipitation over the western part of Montana. .These losses
together with the warming and drying of the air during its descent over

the eastern slope of the mountains largely account for the small amount of
precipitation in the areas of lower elevation of the upper Missouri drainage
basin, In the mountainous regions of the basin the amount of precipitation
tends to increase with elevation, Average annual precipitation varies
widely throughout the basin, from less than 12 inches in northeastern
Montana and other areas of lower elevations to over 30 inches along the
continental divide, with an average over the basin of about 14 inches.

2-13. Seasonal Precipitation. Approximately 70 percent of the yearly

total precipitation occurs during the months of April through September.
Most spring and summer rainfall occurs in showers or thundershowers, however,
steady rains may occasionally occur. Ixcessive rainfall is unusual. Nay
and June are normally the wettest months of the year. Winter precipitation
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generally is very light and almost invaribly falls as snow. Measurable
precipitation normally occurs on about 90 days per year over the basin.

2-14. Snow. The snow season in the upper Missouri River drainage basin
generally extends from late October through April, however, snowfall may
be expected during any month of the year in the higher elevations of the
mountainous rezions of the basin., The average annual snowfall over the
basin varies from 20 inches in the plains area of eastern Montana to an
excess of 100 inches at some high elevation stations. Nearly all stations
have recorded hecavy snowstorms with a foot or more of snowfall in one day.
Elizzard conditions occur less frequently in the western sheltered valleys
than over the exposed plains to the east. With the exception of the east=-
ern portion of the drainage area, snow cover over the plains area and
lower valleys is rerely continuous through the winter due to drifting
caused by high winds and melting caused by the warming effect of downslope
"Chinook" winds,

2-15. Tempcratures, Extreme seasonal temperatures are experienced in the
upper Missouri River drainage basin with long and cold winters and rela-
tively short 2rd hot summers. Maximum temperatures in excess of 1000 P,
have been reported at most of the meteorological stations in the basin
vhile winter temperatures of 200 F, below zero are quite common., The
warmest months of the year are July and August with average temperatures
generally in the upper 60's. The coldest month in the year is January
with the average temperature usually in the upper teens. The mountains
give the western portion of the basin some protection from cold waves which
sweep out of the interior of Canada on an average of six to twelve times

a winter resulting in snow and subzero temperatures. A few of the cold
waves at times cover the entire basin, Often the cold waves are modified
by the downslope Chinook winds resulting in the adiabatic heating of the
east flow of air as it descends to lower elevations in crossing the moun-—
tains and results in abrupt ending of the intense cold followed by extended
periods of nild weather. The so-called "Chinook Belt" extends from the
Browning-Shelby arca to the Yellowstone Valley above Billings. The transi-
tion from winter to summer is usually fairly rapid; however, cold weather
rmay extend into May. During the summer the days are normally warm with
cool nights and low humidity. The autumns are normally mild with occasional
short periods of cold temperatures. Average monthly and annual temperatures
for representative stations in the basin are shown oni?late 6.

2-16. Storm Potentialities., Major storms throuszhout the basin result
almost exclusively rrom conditions accompanying frontal systems. During
winter months major storms and minor storms in the upper part of the basin
often result in sufficient accumulation of snow to cause the greatest flows
of the year at the time the accumulation of snow melts and appears as
streamflow. Since frontal passages are more numerous in May and June,

ma jor storms occur more frequently in late spring and early summer than in
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late sumner. A sequence of minor storms which exceed the infiltration
capacity in the basin may also result in severe flooding due to the additional
moisture from the later storms contributing much larger volumes to the stream-
flow than if the soil was relatively dry prior to the later storms.

I1-C. Runoff of the Uﬁper Missouri River.

2-17. Runoff Records. Records of runofi at gaging stations on the Missouri
River and its tributaries in the drainage basin above Fort Peck Dam are
recent in origin with the exception of a few stations. The longest contin-
uous period of record in the basin is at Fort Benton where reliable records
date back to October 1890, A few of the tributary stations have records
starting around 1890 but there are long periods of time when no records are
available. The more important gaging stations which are pertinent to the
regulation of Fort Peck Lake are Fort Benton, Virgelle and Landusky on the
Missouri River above the reservoir and Wolf Point on the Missouri River and
Nashua on the Milk River below the reservoir where records date back to
October 1890, February 1935, February 1934, September 1928, and October 1939,
respectively. Daily discharges at these locations are published in appropri-
ate U, S, Geological Survey Surface Water Records. The Corps of Engineers

2~18, Source of Runoff. The mountain area in the western portion of the
basin will normally contribute the greatest share of the total water year
runoff into Fort Peck lLake with the largest volume occurring during the

"late spring” or "June Rise" period. The plains area of the basin is occa-
sionally a major source of runoff with large contributions occurring during
the "early spring" or "March Rise" period. - High intensity rainstorms through-
out the basin during the spring and summer months often cause locally high
runoff volumes of short duration. Average annual runoff for the Missouri

the drainage basin above Fort Peck Danm. .

2~19. Seasonal Runoff Pattern. Since very little mountainous arca drains

into the Milk River, runoff appearing as streamflcw in its lower reaches
results largely from the melt of the winters accumulation of_ plains snow

cover and rains during the spring and early summer period. Plate 8 illustrates
the monthly distribution of flow volumes and seasonal peak discharges of this
river., Runoff from the Missouri River drainage basin above Fort Peck Dam
follows a characteristic seasonal hydrologic pattern as illustrated by the
monthly distribution of flow volumes and seasonal peak discharges shown on

. Plate” "9"i This pattern is generally as follows:

a. Uinter is characterized by frozen streams; progressive accumulation
of snow in the mountain areas; and intermittent snowfall and thaws in the
plains area where the seagson usuzlly ends with a "spotty" snow cover of
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Averare Annual Runoff on_the Missouri River

TABLE 2

and Principal Tributaries ibove the liouth of the Yellowstone River

Stream
Jefferson R.

Madison R.
Gallatin R.

Missouri R,

Idssouri R.
Dearborn R,
Smith R,
Missouri R.
Sun R.

Missouri R.
Missouri R.
Marias R.

lHarias R.
Teton R.
ldssouri R.
Missouri R.
lusselshell R.

Missouri R,
I’IiJ.l{ Ro
Missouri R.

Poplar R.

Missouri R,

Station
Near Twin Bridges

MeAllister
Logan

Toston

Below Holter Dam

Craig

Eden

Ulm

Vaughn
Creat Falls
Fort Benton
Shelby

Near Ioma
Dutton
Virgelle

Near Landusky
Hosby

Ft. Peck Dam

Nashua
Volf Point

Poplar
Culbertson

Drainage Avg. Annual
Area Period of No. of Discharge
Sq. Mi, Record Years c.f.s.
7,632 1940-1943 18 2,014
1957-1972
2,186 19383 36 1,744
1,795 1893-1905 58 1,036
1928
14,669  1910-1916 39 5,307
19415
17,149 19453 29 5,461
325 1945-1969 2 218
1,59, 1951-1969 18 328
20,941  1957-% 17 6,564
1,854 1934=* 40 724
23,292 19563 18 7,687
24,749 1890-3 8L, 7,691
(1) 3,242  1902-1906 66 99
1911~%
(1) 6,995  1959-1972 13 977
(2) 1,307 195)4=3% 20 157
34,379 1935~ 39 8,391
40,987 1934 =% L0 9,100
7,846 1930-1932 v 247
1934-3%
57,500 1898-% 76 10,022
22,332 1939-3¢ 35 693
82,290  1928-1939 il (3) 7,219
1943-% 31 (4)10,150
3,174  1908-1924 38 133
1947-1969
91,557 1943-1951 2l 10,250
1958...-).‘

(1) 518 sq. mi. probably non~contributing
(2) Teton R. major tributary of the lMarias R.
(3) Prior to Fort Peck Res. reaching operational level
(4) After Fort Peck Res. reached operational level

3*  To date
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relatively low water content, and a considerable amount of water in ice
storage in the stream channels. Runoff during this period, which usually
extends from late November into March, is quite low.

b. Early Soring is marked by a rapid melting of snow and ice, usually
in March or April, in the plains area as temperatures rise rapidly, accom-
panied usually by very little rainfall. Due to the tendency of temperatures
to rise above freezing first to the south and west, and the northerly
drainage pattern of the upper basin, severe ice jams are frequently
experienced on the upper Missouri River and its tributaries. The ropid
release of water from melting snow results in a flashy "March rise" on
the Missouri River. OSnowmelt in the mountains also usually begins in this
period but contributes little to runoff until later in the year.

c. late Spring, consisting generally of the months of May, June and
early July, is characterized by occasional extensive general rains some-~
times accompanied by severe local rainstorms, and the most rapid melting
of snow in the mountains. The peak runoff from these conditions usually
occurs in late May, June or the early part of July. This results in a
characteristic "June rise" with peak discharges usually less and volumes
of runoff greater than the Early Spring rise. A short interlude of moder-
ately low discharges usually is experienced between the Early Spring and

Late Spring rises.

d. Summer and Autumn are generally characterized by diminishing
general rainfall, fairly frequent widely scattered intense local rainstorms,
and occasional severe storms, Flow in the rivers usually decreases rapidly
from the June flows, and thereafter decreases generally, with infrequent
interruptions, to the low flows which prevail in winter.

I1I-D. Missouri River Open-~River Channel Capacities.

2-20. General, The Missouri River is essentially a mountain stream flowing
in a deep canyon through a very rugged mountain region to above the town of
Cascade. Between Great Falls and Virgelle, Montana, the river flows pro-
gressively through steep, narrow canyon sections, characterized by sheer
falls and numerovs rapids, into a narrow valley bordered by hills that

slope steeply to the water's edge in many reaches and finally assumes the
traits of an alluvial stream as the valley widens in the vicinity of Virgelle.
In the reach between Fort Peck Dam and the mouth of the Yellowstone River,
the Missouri River has the characteristics of a typical, alluvial stream
flowing in a meandering pattern within a valley varying from one to three
miles in width. The alluvial nature of the river results in caving banks
and shifting sandbars becoming more pronounced in this reach. The maximum
flow which may be passed without damage will vary in the upper Missouri
River basin, and is dependent upon cnannel characteristics, the degree of
economic encroachment upon the flood plain and upon improvements such as
levees and channel modifications. Capacities will vary from season to
season with a decrease in capacity during the winter and early spring when
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an ice cover is formed. A discussion on the effect of ice is contained
in paragraph 2-25.

2-21. Channel Capacities. The average open water channel capacity increases
in a downstream direction approximately in proportion to the average flow
of the tributaries as shown ini Table 3.' During the winter ice cover those

open water capacities are markedly reduced, as will be discussed in subse-
quent paragraphs.

2~22., Flood Damages., Damages begin with open water flows at 30,000 c¢.f.s.
in the reach between Fort Peck to the mouth of the Yellowstone River, how-
ever, with flows ranging from 50,000 c.f.s. in the upper portion of the
reach to 70,000 c.f.s. in the lower portion, damages are relatively minor
and limited largely to pasture and wasteland, Rating ard damage curves,
relating stage at particular locations with open-river discharge and
damages through an adjacent reach along the upper Missouri River are shown

on: Plate 10, These curves were developed from presently available data

and are considered applicable to present conditions. For further discussion
on this subject reference should be made to the Master Mamual.

II-E. Ice Formation.

2-23. Ice Cover Season. The upper Missouri River and its tributaries are
at least partially ice covered for several months of the year with this
period usually extending from late November to late March, Ice thickness
on streans in the basin will range up to 2 to 3 feet with the greatest
thickness of ice on the slower flowing streams., A tabulation of the record

noted that reservoir ice cover has formed as early as 29 November with ice
breakup occurring as late as 9 May. The reservoir ice cover will normally
lag that on the streams by about one month.

2-24, Effect on Streamflow., During the freeze-up of the Missouri River
and its tributaries above Fort Peck a very noticeable drop in reservoir
inflow occurs due to a large volume of water going into ice storage. On

the other hand, there is a corresponding marked increase in reservoir inflow
during the ice breakup in the spring.

2-25, Effects on Channel Capacities. Formztion of ice cover greatly de-
creases the channel capacities of any given stage of the stream. This
reduction varies considerably from location to location, season to season,
and at a specific location during a single winter period. Observation of
flows in the reach between Fort Peck Dam and the mouth of the Yellowstone
River indicates that, with minor tributary inflows, Fort Peck releases of
10,000 c.f.s. or less at the time an ice cover initially forms and ranging
up to 15,000 c.f.s. after the downstream ice cover has stabilized will not
contribute to material damages in this reach.
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TABIE 3

Estimated Open Water Channel Capacities

of the Missouri River, Headwaters to Mouth of Yellowstone River

A Approximate Corresponding

Reach or Town Channel Capacity in c.f.s. Stage Ft. M.S.L.
Three Forks to 2 Miles below Townsend: 15,000

- Trident 30,000

- Townsend ) 30,000
Canyon Ferry to Holter Dam 30,000
Holter Dam to Mouth of Sun River: 20,000

- Craig 40,000

= Uim 50,600 . 33

Mouth of Sun River to Mouth of Marias River:

-~ Great Falls 50,000

-~ Fort Benton 80,000 2628
Mouth of Marias to Fort Peck lake 80,000
Below Fort Peck Dam 50,000 2030
Wolf Point 60,000 1971
Culbertson - 70,000 1898
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TABIE 4

Record of Ice Formation in Fort Peck Lake

Reservoir

Year Frozen Over Ice Breakup
194142 26 Dec 15 April
1942-43 7 Dec 10 April
194344 9 Feb 13 April
194445 2 Jan 31 March
194546 23 Dec 29 March
1946-47 29 Dec 17 April
194,748 16 Jan 22 April
1948-49 28 Dec 20 April
194,950 31 Dec 9 May
1950-51 4 Jan 1 May
1951~52 21 Dec 29 April
1952-53 15 Jan 6 April
1953=54 16 Jan 15 April
1954-55 25 Jan 15 April
1955~56 29 Nov 21 April
1956~57 10 Jan 23 April
1957-58 2 Feb 10 April
1958-59 5 Jan 17 April
1959-60 6 Jan 13 April
1960-61 29 Jan 25 Mareh
1961-62 19 Dec 20 April
1962-63 21 Jan 3 Aprid
196364 13 Jan 16 April
1964~65 24 Dec L May
1965-66 20 Jan 16 April
196667 18 Jan 19 April
196768 3 Jan 30 March
196369 2 Jan 23 April
1969-70 9 Jan 30 April
1970-71 6 Jan 19 April
197172 29 Dec 17 April
1972-73 5 Jan 27 March
197374 8 Jan 14 April
197475 28 Jan 26 April
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2.26. Ice Blocks and Jams. The breakup of the ice cover often causes
jce jams which have a marked effect upon streamflow during such periods.
Downstream flow and accompanying stages may be reduced at the beginning
of the ice jam while stages just upstream may rise at restricted points
and cause some overbank flooding. The volume of ice in any particular
reach of the river which may contribute to jamming is a function of the
thickness of the ice, the width of the river and the length of the reach.
With low stages the river width, and consequently the ice volume within
the reach, is reduced from that of higher stages. Fort Peck Lake traps
the flowing ice from the upstream portion of the river and thereby reduces
the probability of severe ice jams in the reach of the Missouri River
from Fort Peck Dam to the mouth of the Yellowstone River.

II-F. Floods.

2-27. General., Floods in the upper Missouri River drainage basin are of
three types: floods caused by mountain snowmelt frequently augmented by
rainfall in the foothills and plains areas; floods caused by plains area
snowmelt accampanied by ice jamming; and floods caused by intense rains
which are usually of the thunderstorm type. Usually the floods in the
basin will occur either in the early spring flood period of March or April,
or in the late spring period of late May, June or early July. The flood
of 1881 was an early spring flood of considerable magnitude which occurred
prior to the establishment of the gage at Fort Benton, Montana. The
records of the U, S. Geological Survey indicate that the largest kaown
flood on the Missouri River above Fori Peck Dam was that of June 1908,
Although later floods were controlled to a varying extent by reservoirs
both on the main stem and tributaries, the flood of June 1948 was the
second greatest in the upper part of the basin and the flood of 1953 the
second largest in the lower reaches in central Montana. The flood of 1964
was cavsed by a combination of snowmelt and heavy rainfall, including one
of the largest and most intense major rainstorms which has occurred in
northwestern Montana. Brief description of these floods are given in the
following paragraphs.

2-28. Flood of 1881, The flood of March-April 1881 was one of the greater early
spring floods occurring on the Missouri River above Fort Peck Dam for which
information is available. Following a wet year in 1880, the winter of
1880-~81 was marked by below=-normal temperatures and heavy snows, resulting
in heavy snowfall in the mountainous headwaters region and the heaviest
known snow blankset on the plains area by spring. Unusually warm weather

in Montana resulted in spring thaws and ice breakup accompanied by spring
rains in the upper part of the basin beginning in late February and early
March while the lower part of the river was still frozen. This caused
heavy flooding in March in the Fort Peck drainage basin and severe flooding
downstream from Fort Peck. Discharge records of the Missouri River in the
Fort Peck drainage basin were not available prior to 16 June 1881; however,
hydrographic comparisons with gage heights at Bismarck, North Dakota, ad-
justed to agree with available precipitation records, indicates that the
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flow at the Fort Peck damsite reached a peak of about 85,000 c.f.s. on
26 March during the 1881 flood. The 1881 early spring flood was followed
by a late spring and surmer flood with an appreciable volume of flow
characterized by moderate sized peaks.

229, Flood of 1908. U, S. Geological Survey records indicate the 1908
flood was probably the greatest flood to date in the reach of the Missouri
River between Helena, Montana, and the Yellowstone River. This was also
the greatest known flood on many of the tributaries in the Fort Peck
drainage basin. This flood was caused by heavy rainfall in the latter
part of May and early days of June followed by the occurrence of a severe
rainstorm on 3-6 June. This rain accompanied by the mountain snowmelt
caused basin-wide flooding and considerable damage. The amount of damage
in the reach from Fort Peck to the mouth of the Yellowstone River with a
flow of 154,000 c.f.s., the estimated crest discharge, woculd be about
$1,500,000 using present day costs. Insufficient data are available to
estimate the damages which would result in other reaches. Available

gage and discharge information in the Fort Peck basin for this flood is

2-30. Flood of 1948, 1In the period from 20 May to 19 June 1948 damaging
floods occurred in the basin above Fort Peck. A sudden rise in temperature
during lMay caused an above normal snow pack in the mountain areas to melt
rapidly and the resultant runoff coupled with runoff from heavy rainfall
which occurred over the area caused flooding on the main stem of the
Missouri River and a majority of its tributaries from the headwaters to

the Fort Peck Lake. Records of the National Weather Service indicate that
June 1948 was the 3rd wettest June since records began in 1895, Precipi-
tation recorded for the period 30 May 1948 to 15 June 1948 was 2.97 inches
at Belgrade, Montana, 2.36 inches at Helena, Montana, and 3.04 inches at
Great Falls, Montana., Approximately 51,220 acres were flooded in the basin
upstream from Fort Peck during this period. Total damages were estimated
to be $1,465,943. Operation of Fort Peck Lake during this pericd prevented
flooding in the reach from Fort Peck Dam to the Yellowstone River. The
maximum average daily inflow into the lake during this period was about
81,900 ¢.f.s., while releases were limited to 25,000 c.f.s. Pertinent
stages and discharges in the Missouri River Basin above Fort Peck Dam for

this flood are shown inTable 5. !

2-31, Flood of 1953. This flood is second to the flood of June 1908 in
general magnitude and extent in the central Montana area of the Fort Peck
drainage basin. Snowmelt from the normal winter's accumulation of snow
combined with runoff from the storm sequence of late May and early June
resulted in high flows. Although high altitude snow surveys on 1 April
and 1 May indicated normal snowpack, subnormal spring temperatures allowed
more of the snow to remain on the ground through April and most of May up
to the time of the runoff producing storms. The storm period extended
from 24 May through 3 June. Three distinct storms with accompanying pre~
cipitation moved through the region during this period. The first stomm
on 24 and 25 May left snow in the uplands and rain in the lowlands. Similar
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storms on 29 May and 2 and 3 June, each more severe than the preceding
one, occurred. Flood-producing runoff started with the second storm and
was inereased by the third storm. This condition caused flooding on the
main stem and a greater portion of the tributaries of the Missouri River
from the eastern slopes of the continental divide in central Montana

to Fort Peck Lake. Records of the National Weather Service indicate

the month of May to be one of the wettest recorded, exceeded only three
times since 1895. The stations in the area of heavy rainfall reported

the highest recorded for June., Precipitation amounts recorded for the
period from 23 May to 4 June 1953 were £.69 inches at Choteau, Montana,
9.43 inches at Great Falls, Montana, 12.92 inches at Highwood, lMontana,
and 19.90 inches at Shonkin, Montana, with 6.52 inches occurring in a
24~hour period. In the higher areas to the west, snowmelt was added to
the runoff from rainfall. General flooding of rural areas occurred along
the main stem and most of the tributaries of the Missouri River upstream
from the Fort Peck Lake and resulted in the inundation of approximately
54,800 acres of land and total damages estimated to be &5,756,890, Munici-
pal flooding oeccurred at Sun River and Great Falls, Montana, on the Sun
River; Belt and Highwood, Montana, on the Belt and Highwood Creeks; and
Ilewistown, Montana on Big Spring Creek causing total estimated damages of
$1,00h,h50. The Fort Peck Lake Project prevented floods in the area down-
stream from the dam., The inflow to Fort Peck Lake during the flood period
reached a pzak of about 120,000 c¢.f.s. daily average flow, whereas releases
from the lake averaged about 3,000 c.f.s. Stage reductions effected by
the Fort Peck Lake ranged from about seven feet at Bismarck, North Dakota,
and Omaha, Nebraska, to about 3.5 feet at Waverly, Missouri. As a result,
it is estimated that flood control operatiocns of the lake during this
period prevented the downstream flooding of valley land and reduced flood
damages by approximately $13,634,000, Pertinent stages_and_discharges

in the Fort Peck basin for this flood are shown in, Table 5..

2-32, Flood of 1964. The direct cause of the June 1964 flood in Montana
was heevy rainfall creating a large volume of runoff into stream channels
that were already carrying heavy runoff from mountain snowmelt. Snow
surveys made on 1 May 1964, indicated that the snowpack in the mountains
was generally 150 to 200 percent of normal. Precipitation during the
month of May in the area was well above normal and conditions were favoraktle
for runoff at elevations below the snowpack. During early June, tributary
irrigation reservoirs in the area were filled or rapidly filling, mountain
snowmelt was in progress, and streams were high~-but not flooding. Then
on 7 and 8 June 1964, a major rainstorm, one of the largest and most in-
tense of record, occurred over the northwestern portion of Montana. The
storm extended generally from lewistown, Montana, northwestward into
Canada and across the continental divide. It covered all of the mountain
region west and northwest of Great Falls and extended over the plains

area northeast and southeast of Great Falls. The heaviest amounts of
rainfall were reported along the eastern slope of the continental divide.
Rainfall amounts reported for the period were 14.5 inches in the Two
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Medicine lake area; 13.0 inches, 27 miles west and northwest of Choteau;
12,8 inches, 13 miles southwest of Augusta and 11.0 inches at Heart Butte.
The heavy rainfall coupled with high snowmelt runoff caused unprecedented
flooding in the Sun and Marias River Basins.

2-33, The Missouri River drainage area most seriously affected by this
flood was the portion of the basin lying between Canyon Ferry Dam and the
mouth of the Marias River. Severe flooding was experienced throughout
the Sun River Basin. Urban areas of Augusta, Sun River, Vaughn and Great
Falls sustained extensive damage from stages that exceeded any experienced
in the past. Flooding in the Marias River Basin was equally widespread
and severe. Flooding was experienced along the entire length of the
Teton River, a major tributary, of the Marias River. Floodwaters from
the Teton River and a tributary, Spring Creek, combined to flood practi-
cally the entire town of Choteau., Flooding on the Marias River was
limited to the basin above Tiber Dam, Pondera Coulee, which flowa into
the Marias River below Tiber Dam, and all of the headwater stream of the
Marias River experienced flooding, Damazes in the basin were ccmpounded
by failure of two irrigation dams, Swift Dam on Birch Creek and Lower Two
Medicine Dam on Two Medicine Creek, Swift Dam released in excess of
30,000 acre~-feet of stored water and Lower Two Medicine Dam added over
20,000 acre-feet of stored water to the flood when they failed. Other
contiguous and outlying basin areas sustaining flood damage from the 1964
June floods include the Milk and St. Mary Rivers which flow into Canada,
the Judith River, Musselshell River, Dearborn River, Jefierson River,
Belt Creek and Highwood Creek Basins, the main stem of the Missouri River
from Canyon Ferry Dam to Fort Benton, and other minor tributary drainage
basins of the Missouri River from its headwaters to Fort Peck lake.

2-34. Urban flooding occurred at Great Falls, Montana, on the Missouri
and Sun Rivers; Vaughn, Sun River and Augusta, Montana, on the Sun River;
Choteau, Montana, on the Teton River; Shelby, Dupuyer, East Glacier Park
and Browning, Montana, in the Marias River Basin; St. Mary, Montana, on
Divide Creek, a small tributary of the St. Mary River; Lewistown, Montana,
on the Judith River; Raymesfor, Montana, in the Belt Creek Basin, and in
the vicinity of Fort Benton on the Missouri River, causing total estimated
damages of $6,451,000. Rural damage to crops, farmsteads, fences, irriga-
tion works and lands in the drainage basin above Fort Peck Dam total in
excess of $13,000,000. Damage to transportation facilities are estimated
at nearly $12,150,000. Flood damages prevented by Tiber Dam and Reservoir
dovnstream from Tiber Dam on the lMarias River and on the main stem of the
Missouri River are estimated to be $600,000. Canyon Ferry Dam and lake is
credited with prevention of $60,000 in flood damages in Montana., The in-
flow into Fort Peck lake during this flood period reached a peak of about
90,000 c¢.f.s. daily average flow, whereas the maximum release from the
lake was approximately 9,000 c.f.s. During this period Fort Peck Lake

was regulated to prevent flooding in the reach between Fort Peck Dam and
the mouth of the Yellowstone River and as part of the Missouri River main
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stem reservoir system to reduce downstream flood stages. Stage reductions of
the 1964 June flood which were affected by the Missouri River main stem reservoir
system ranged from 15.7 feet at Omaha, Nebraska, to 4.5 feet at Herman, Missouri.
Flood damages prevented by the Missouri River main stem reservoir system during
the flood of June 196/ are estimated to be $41,673,000, Pertinent. stages and
discharges in the Fort Peck Basin for this flood are shown in, Table 5.‘

2-35, Flood of 1975. The March-July flood season runoff originating above the
main stem reservoir system was the largest since records first became available
in 1898, exceeding the previous maximum by approximately one million acre-feet.
The greatest runoff excess occurred in the drainage area above Fort Peck Lake
where the flood season runoff was over twice that usually occurring and almost
two million acre-feet greater than occurred in any comparable period for which
there is record.

2-36, During January and February of 1975 the runoff outlook for the main stem
system was less than the long term average. With increasing mountain snow accum-
ulations and a heavy snowfall occurring on the plains of North and South Dakota
the runoff outlook increased to the long term normal during March. In April,

with precipitation in Montana and western North Dakota being extremely heavy

(some precipitation amounts were four times greater than the normal) the runoff
prospects increased to approximately greater than the long term normal. Early in
the month of June the outlook was for approximately 9 million acre-feet of runoff
greater than the long term normal but a major storm occurred on 18-19 of Junc,

The center of the storm was located east of the Continental Divicde in Montana

with a rainfall center of over 14 inches with average depths of 10 inches covering
2,500 squarc miles, while a 10,000 square mile area had an average rainfall ex-
ceeding 6 inches., As a result of this storm meny maximum stages and flows were
recorded. The following is a list of some of the stations recording maximum discharges

STREAM OR RIVER LOCATION (MONT.) 1975 DISCHAKGE PREVIOUS HIGH DISCHARGE
Musselshell at Harlowton 20 June-7300 cfs 4500 cfs in 1938
So. Fork Musselshell above Martinsdale 19 June-4300 cfs 1330 cfs in 1967
Boulder River near Roulder 19 June-3500 cfs 3490 cfs in 1964
Judith River near Ithaca 20 June-1750 cfs 1120 cfs in 1627
Boulder Creek near Maxwell 19 June-1300 cfs 7614 cfs in 1953
Prickly Pear Creek near Clancy 19 June-1070 cfs 700 ¢fs in 1627
Tenmile Creek near Rimini 19 June- 990 cfs 718 cfs in 1917

2-37, This storm resulted in serious flooding in Montana with most of the urban
flooding occurring in Great Falls, Montana, Flood damages along the main stem of
the Missouri River during the January-July period are estimated to be 18 million
dollars, Canyon Ferry Dam and Lake is credited with prevention of $6,944,000 in
flood damages. Tiber Dam and Reservoir and Clark Canyon Dam and Reservoir are
credited with the prevention of $19,919,000 and $1,392,000 in flood damages
respectively. The main stem system is credited with preventing an additional
$87,000,000 worth of flood damage. Pertinent stages and discharges in the Fort

Peck Basin for this flood are shown in ! Table 5..
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Stream

Red Rock River
Beaverhead River
Jefferson River
Madison River
Gallatin River
Missouri River
Missouri River
Dearborn River
Dearborn River
Missouri River
Smith River
Missouri River
N. Fk. Sun River
Willow Creek
Smith Creek

Ford Creek

S. Fk. Sun River
Sun River

Muddy Creek

Sun River
Missouri River
Missouri River

‘Dupuyer Creek

Cutbank Creek
Marias River
Marias River
Marias River
Teton River
Teton River
Missouri River
Missouri River

TABLE 5a

MISSOURI RIVER AND TRIBUTARIES ABOVE FORT PECK RESERVOIR
CREST STAGES AND DISCHARGES FOR MAJOR FLOODS

1908 Flood

1948 Flood

1953 Flood

Peak Gage Discharge

Peak Gage Discharge

Peak Gage Discharge

1/ Maximun discharge of record (does not 1nclude flood of 1908)

Station Date Height C.F.S. Date Height C.F.S. Date Height C.F.S.
Lima 7 June - 882
Barretts 20 June 6.1 3,720 5 June h.2 2,150 i June 3.6 1,710
Sappington - - - 6 June 11.0 19, 9ood/ 16 June 9.0 12,200
Below Ennis L, - - - L June 6.0 , 5,420 13 June 6.0 5,380
Logan - - S June 8.4 7,8701/ 1k June 7.3 5,930
Teston - - 6 June 11.8 32,0001/ 16 June 10,0 22,000
Below Holter Dam- - 8 June 11.7 34,8001/ 19 June 6.1 13,500
Clemons 2 June k4,000 L June 6.0 3,420 L June 6.2 3,200
Craig - - - 5 June 7.9 4,400 L June 9.6 7,960
Cascade 5 June  16.7 54,250 - - - - - -
ggen - - - - - - L June 10.5 12,3001/
m - - - - - - - - -

Augusta 7 June - 20,000 3 June 7.0 4,320 3 June 6.4 3,990
Augusta 5 June - 900 - - - - - -
Augusta L June 5.5 1,500 5 June 5.7 1,830 - - -
Augusta L June - 1,030 - - - - -

- Augusta 2 June 6.8 - 1,300 - - - - -
Sun River 7 June 13.4 27,200 - - - - - -
Vaughn June 24.0 - 17 June 10.2 1,h70 L June 17.7 7,600
Vaughn - - - 6 June 13.5 14,300 L June 16.L 17,900
Great Falls - - - - - - - - -
Fort Benton 6 June 18.5 140,000 7 June 10.9 52,800 5 June 13.6 78,700
Dupuyer S June L.8 1,080 - - - - - -
Cutbank 5 June  11.0 10,400 - - 8 June 8.5 5,640
Shelby - - - 18 June 17.8 Lo, oood/ 5 June 12.8 21,000
Brinkman 19 June 24.0 70,009 19 June 21.0 50, 700d/ 5 June 16.3 28,100
Loma - - - - - - - -
Strabone 10 June - 2,300 - -
Dutton - - - - - - - -
Loma - - 20 June 17.6 92,000 5 June 21,0 121, 0001
Near Landusky - - 21 June 18.2 93,200 6 June 22.2  137,0001
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Stream

Red Rock River
Eeaverhead River
Jefferson River
Madison River
Gallatin River
Missouri River

" Missouri River
Dearborn River

Dearborn River
Missouri River
Smith River
Missouri River
N. Fk. Sun River
Willow Creek
Smith Creek
Ford Creek

S. Fk. Sun River
Sun River
Muddy Creek
Sun River
Missouri River
Missouri River
Dupuyer Creek
Cutbank Creek
Marias -River
Marias River
Marias River
Teton River
Teton River
Missouri River
Missouri River

CTAILE 5%

MISSOURI RIVER AND TRILUTARISS ABOVE FORT PECK RESERVOI

CREST STAGES AND DISCHARGES FOR MAJOR FLOODS

Station

Lima

Barretts
Sappington
kelow Ennis L,
Logan

Toston

Below Holter Dam

Clemgns
Craig
Cascade
Eden

Ulm
Aupusta
Aupusta
Augusta
Augusta
Augusta
Sun River
Vaughn
Vaughn
Great Falls
Fort Benton
Dupuyer
Cutbank
Shelby
Brinkman
Loma
Strabone
Dut.ton
Loma

Near Landusky

166/, Flood 1975 Flood
Peak Gage Discharge Peak Gage Discharge

Date Height C.F.Se Date Height C.F,S,
28tMay

8 June 2.2 504

19 June 3.7 1,910 20 June 3.59 1,680
12 June 10,2 16,000

28 June 6.2 5,660 26 June 6.14 5,250

8 June Td 6,250 L, July 8.44 7,770
12 June 10,0 22,000 26 June 10,52 25,000
19 June 10.0 27,100 23 June 8,10 19,300

9 June 13.5 15,400

10 June 5.5 3,860
22 June Lol 27,500 22 June 14.64 27,200

8 June 15.8 51,100

9 June 12.2 3,720

9 June 23.4 53,5001/ 22 June 22,28 29,000
10 June - 72,000 21 June N.A. 60,180
10 June 13.4 77,400 21 June 11.87 62,000
9 June 13.9 16,600

9 June 23.6 241,0002/ 20 June 18.2 76,000
16 June 8.7 10,800

9 June 18.9 71,300 20 June 14.8 15,500
11 June 19.7 114,700 23 June 29,07 77,000

= 1 Maximum discharge of record (does not include Flood of 1908)
2 Largely due to failure of Swift Dam
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2-38, Other Floods. Other floods of significance in the Fort Peck drainage
basin include those of the years of 1886, 1887, 1892, 1894, 1916, 1917, 1927,
1943, 1947, and 1952.. The 1886 and 1887 floods were June rises and apparently
had very similar characteristics of a fairly high peak in a relatively short
period of time, The peak discharge at the Fort Peck damsite was estimated to
have been about 70,000 c.f.s. on 18 June during the 1886 flood and about 73,000
c.f.s. on 17 June during the 1887 flood. The 1892 and 189L floods were also
June rises, the 1892 flood cresting with a peak discharge of about 93,000 c.f.s.
on 15 June at the Fort Peck damsite and the 1894 flood cresting at about 78,000
c.f.s. on 9 June, The 1916 flood was characterized by a relatively sharp dis-
charge peak of about 73,000 c.f.s. occurring at the Fort Peck damsite on 27 June
followed by another sharp peak of approximately 95,000 c.f.s. on 2 July. The .
1917 and 1927 floods had very large volumes of runoffs. During the 1917 flood
the flow at Fort Peck damsite was estimated to have been above 50,000 c.fese
from 16 May to 4 July with a peak discharge of approximately 75,000 c.f.s.
occurring on 28 May., In 1927 the flow at the Fort Peck damsite was estimated to
have been in excess of 50,000 c.f.s. from 28 May to 27 June with peak discharges
.of 75,000 c.f.s. and 78,000 c.f.s. occurring at Fort Peck on 3 June and 15 June,
respectively. The flood of 1943 was characterized by a high peak discharge of
relatively short duration followed by a secondary peak after a short period of
time. Peak flows recorded during this flood were 38,500 c.f.s. on 16 June at
Fort I'enton, 55,800 c.f.s. on 17 June at Loma, and 63,800 c.f.s. on 20 June near
Laﬂdﬁaky, Montana. The lghz flood was an early spring flood resulting from snow-
melt combined with Lhe bresh-=up of the river ice cover. Thic couscd dameging
floods upstream from the Fort Peck Lake and from Fort Peck downstream to the
mouth of the Yellowstone River, During the 1947 flood, inflows to Fort Peck Lake
exceeded 15,000 c.f.s. from 17 March to 28 March and reached a peak of 93,000
c.f.s. on 22 March. In 1952 extended periods of thawing tempecratures in the
lower reaches caused major flooding during late March and early April, Snowmelt
runoff caused major flooding on minor tributaries on the Missouri River above
Fort Peck. During this period there was also sporadic ice jam flooding on the
Missouri River above Fort Peck. The peak flow near Landusky due to ice jamming
was 55,000 c.f.5. on 29 March and inflow to Ft. Peck on 31 March was 86,400 c.f.s.
'The estimated damages for the area above Fort Peck was $355,100,

I1-G. Sedimentation,

2-39, GCeneral, The sediments contributing to the delta formations within Fort
Peck Lake are derived from two general sources; (1) the alluvial material forming
the banks and bed of the Missouri River and its tributaries within their entrenched
valleys, and (2) sheet erosion of the weathered surface of the uplands terrain,

In general, their origin is limited to the drainage area downstream from Cascade,
Montana since several small powerplant reservoirs locatecd upstream entrap most

of the hecadwater contribution, In the vicinity of Virgelle, where the Missouri
Ziver assumes the traits of an alluvial stream, channel meanderings develop with
shifting sandbar formations, and bank erosion becomes more pronounced. Upstream
from this alluvial transition point the streambed and banks are essentially stable
due to the abundance of rock and gravel, The channel erosion below Virgelle can
be severe during oeriods of high flows and particularly where the channel has cut
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into the Eearnaw shale formation. Sheet erosion of the weathered uplands
surface is accomplished by runoff from either rainstorms or snowmelt. Although
the amount of precipitation occurring over this plains area is relatively low,
the gross erosion potential is increased by wind erosion during dry periods
which causes surface soils to accumulate in drainage courses, or coulees, where
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Bearpaw shale formation is particularly susceptible to such erosion. Sediment
carried in suspension at the Powerplant Ferry sampling station above Fort Peck
Lake generally consists of 35 percent sand, 25 percent silt, and LO percent

clay. Prior to the closure of Fort Peck Dam, the Missouri River probably trans-
ported an average of 15 to 20 million tons of sediment past the damsite each year.

2-40. Downstream from Fort Peck Dam, the bed of the Missouri River is composed
essentizlly of medium to fine sand with occasional segments of gravel and ccbtles
and outcrops of clay and shale. The channel, averaging 800 to 1,200 feet in
width depending upon sandbar or island configurastions, flows between vertical
banks varying up to 15 feet in-height. The bank materials consist predominately
of a mixture of finc sanc and silts interspersed with lenses or pockets of dense,
resistant clay formations.

IY-H., Miscellsneous Data,

" 2-41, Travel Time. Travel time for the Missouri River and its tributaries in

the drainage besin above Fort Peck Dam and the incremental drainage- area- between
Fort Peck Dam anc the mouth of the Yellowstonb River is shown ori Plate 11, -The

bankfull levels.

2-42, Frost Pen=iration. Frost penetration in the upper Missouri River basin
normally begins in November with the incidence of below freezing mean temperature,
The ground remzins frozen until March or April. Depth of maximum frost penetra-
tion varies from 6 to 8 feet throughout most of the drainage basin above the
mouth of the Yellouwstone River except in the extreme northwest portion near the
Canadian border where depths of 10 feet have been experienced. The major factors
which influence the depths of the frost layer are snow cover, vegetation and
temperature.

2-43. Reservoir FEvanoration, The Fort Peck Lake is located in a region character-
ized by mocerate-to-strong winds, low humidities, light precipitation and hot
summers. For these reasons substantial evaporation occurs from Fort Peck Lake,
particularly during the summer months. Low temperatures and higher humidities
during the cold winter months result in greatly reduced evaporation during this
season, Daily pan evaporation observations curing the open water season have
been macde at the Fort Peck weather station since September 1934, No observations
were made during the winter season when freezing temperatures occur. These ob-
servations plus winter estimates indicate Lhat the average annual lake evapora-
tion was approximately 47 inches for the excessively dry and hot period from 1935
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through 1945 and 39 inches from 1946 through 1955, Based on the averal annual
lake evaporation of 39 inches for the period 1946-55 and the mean annual
precipitation rate of 13 inches for the Fort Peck area, the average net
evaporation (average annual evaporation minus precipitation) would be about

26 inches for this period,
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SECTION III - WATER RESOURCE DEVELOPMENT

III-A, History

3-1, Early Develorment (1804-1902). The first Federal exploration and
survey of the Missouri River Basin was made by the Lewis and Clark Expedition
of 1804~06 following the Louisiana Purchase in 1803, Information available
indicates that it was probably in the late spring of 1805 when Lewis and
Clark and their party reached the vicinity of Fort Peck. The removal of
snags in the Missouri River by the Federal Govermment to improve navigation
was begun as early as 1838, Viater was diverted from the Missouri River for
irrigation purposes by the early settlers in the 1850's.

3-2, In 1862 the Homestead Act was passed which led to increased immigra-
tion and settlement. This increase in travel, a large part of which was

by river transport, led tc further improvement of the river channel for
navigation. The first work on the Missouri River above Sioux City was
performed under the River and Harbor Act of 14 August 1876. The project
provided for the removal of boulders and construction of the channel through
the shoals in the "Rocky River" section of the Missouri River which extends
from Ft. Benton for a distance of 150 miles downstream. Dredging was later
added, Other early improvements included further channel rectification
below Ft.. Benton and in the reach from the crest of the falls at Great
Falls to Cascade, Montana, and a small amount of open-river work in the
steeper stretch of the river above Cascade. Projects below Ft. Benton

were suspended due to cessation of navigation in 1889, No appropriation
for improvement of navigation above Ft. Benton was made after 1896.

3-3. Later Development (1902-1944). In 1902 Congress passed the Reclamation
Act for assistance in developing the western regions of the United States.
This Act established the Reclamation Service (Bureau of Reclamation) and
provided for Federal assistance in the development of irrigation projects
which accelerated their development. Several hydroelectric power projects
were developed during this period by the Montana Power Company on the
Missouri River between Fi. Benton and Great Falls and on the upper reaches

of the Missouri River and its tributaries in the mountainous region.

3-4., The 1927 River and Harbor Act authorized a multipurpose basin-wide
series of investigations. The reports of these investigations are contained
in the "308" report and includes the investigation of the Upper Missouri
River and its tributaries. The first project undertaken as a result of the
1308" report on the lMissouri River Basin was the Fort Peck Project in
Montana.

I1I-B. The Comprehensive Plan,

3-5, Conception. In 1943-44 the Corps of Engineers and the Bureau of
Reclamation working separately, completed investigations and vresented to
Congress their separate reports on the development of the Missouri River
Basin water resources. These reports vere published as House Document
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No. 475, 78th Congress, 2d Session and Senate Document No. 191, 78th Congress,
2nd Session. As a result of extensive congressional hearings the two plans
were revised and coordinated by the two agencies. The coordinated plan,
commonly known as the Pick-Sloan Plan was published as Senate Document

No. 247, 78th Congress, 2d Session and was approved by Congress in the Flood
Control Act of 1944,

3-6. Flood Control Act of 1944. Congress, in Section 9 of the 1944 Flood
Control Act, approved the coordinated general comprehensive plan for water
resource development in the Missouri River Basin and authorized the agencies
to proceed. The program adopted was a long-range flexible plan for the
development of water resources of the Missouri Basin for multiple-purpose
uses. The general comprehensive plan provides for the construction of
reservoirs for flood control, irrigation, navigation, and generation of
hydroelectric power; the conservation, control and use of the water re-
sources for related multiple~purpose such as municipal water supply, stream
sanitation, recreation and wildlife preservation; local flood protection
projects, projects for the irrigation of lands, together with provision for
integrated conservation and improvement of the basin agricultural and forest
lands. This plan is described in the Main Stem Master Manual.

3-7. Future Development. The comprehensive framework studies of the
Missouri River drainage area above the mouth of the Yellowstone River drain-
age area visualize an intensive and increased economic efficiency of the
agricultural base and the preservation, development, and management of its
environmental attributes for the development of an economically viable
recreation industry. Irrigation, coupled with land treatment measures,
development of farm ponds, improved agricultural practices, erosion control,
drainage, and flood control factilities offer opportunities for economic
growth and higher land use efficiency. The developed framework plan in-
cludes the addition of over three million acre-feet of storage space by the
year 2020, an addition of almost 500,000 acres of irrigated land, and land
conservation measures applied to almost four million acres of federally
owned land in the drainage basin.

III-C. Reservoirs.

3-8. General. A number of reservoirs have been constructed in the Missouri
River Basin above the mouth of the Yellowstcne River by Federal, state and
private agencies. Several have been constructed by the Montana Power Company
for hydroelectric power production. The Montana State Water Comservation
Board, Irrigation Districts and the Bureau of Indian Affairs have numerous
reservoirs in the basin that were constructed for irrigation purposes.

There are also a number of reservoirs in the basin constructed by private
organizations for irrigation purposes. Reservoirs in the drainage basin

Table 6., In addition, many reservoirs with a storage capacity of less than
5,000 acre-feet used for irrigation and other conservation purposes, and
numerous small stock ponds, have been constructed in the arid regions of

the basin.
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TABLE 6

RESZRVOIRS IN THE MISSOURI RIVER BASIN
ABOVE THE MOUTH OF THE YELLOJSTONZ RIVER
(Over 5,000 Acre-Feet Storage Capacity)

Useabhle

Storage (1)
_Acre-Feet

84,050
328,900
38,850
6,600
17,731
377,500
35,000
34,210
8,030
1,615,000
51,420
10,450
65,260
10,650
105,000
32,050
32,230
10,090
7,8C0
7&:500

16,620
19,250
29,9890
112,000
1,313,000
5,820
7,000
23,110
72,220
23,900
9,199

14,300,000

127,200
66,300
7,010

Reservoir Basin
Lima Jefferson
Clark Canyon Jefferson
Ruby Jefferson
Delmoe Lake Jefferson
Willow Creek Jefferson
Hebgen Lake Madison
Earthquake Lake Madison
Ennis Lake Madison
Middle Creek Gallatin
Canyon Ferry Missouri
Hauser Lake Migsouri
Lake Helena Missouri
Holter Lake Missouri
Smith River Smith
Gibson Snn
Pishlkun Sun
Willow Creek Sun
Nilan Sun
Morony Missouri
Bynum Teton
Lower Two Medicine
Lake Marias
Four Horns Marias
Swift Marias
Lake Frances Marias
Tiber Marias
Ackley Lake Judith
Durand Musselshell
Martinsdale . fusselshell
Deadman's Basin Musselshell
War Horse Lake Musselshell
Petroleum Musselshell
Fort Peck Missouri
Fresan Milk
Nelson Milk
Frenchman Milk

(1) Storage availabls for release.
(2)

C3 - Corps of Engincers

BR - Bureau of Reclamation
Total Storaze
Formed by earthquake in 1959

(3)
(L)

(3)

Date Operated
Completed By (2)
1934 Private
196} BR
1938 MJICB
1913 Private
1938 MJCB
1915 MPC
() aeme
1900 MPC
1951 MNCB
1953 BR
1907 MPC
1945 MPC
1918 MPG
1936 1ACB
1940 BR
1940 BR
1941 BR
1951 MyICB
1930 MPC
1926 Private
1913 BIA
1932 BIA
1967 Private
1913 Private
1956 BR
1938 MAWCB
1939 MAJCB
1939 MJACB
1958 MJICB
1933 frivate
1951 I%iCB
19,0 CcE
1939 Bt
1922 BR
1952 M8

MICB - Montana State Water Conservation Beard

BIA - Bureau of Indian Affairs
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MPC - Fontana Power Company



3-9, Future reservoir development in this portion of the Missouri River
Basin will be dependent on a satisfactory compromlse to conflicts between
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that there is a neced for further developnent in orde to.develop the
irrigation potential of the region, provide flood protection to metropolitan
and agricultural areas, sustain low water flows, provide lake based recrea-
tion opportunities and develop the hydroelectric power potential of the
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purely developmental standpoint, additional reservoirs having a total
storage capacity of slightly more than 12 million acre-feet would be re-
quired. However, with emphasis upon environmental objection, the total
storage capacity would be reduced to 2.4 million acre-feet.

3-10. The framework plan as presented, features an additional storage
capacity of about 3 millinn acre-feet developed by the year 2020 most of

which would be inecluded in 91 multiple purpose reservoirs. Fifteen multiple
purpose projects would have an individual capacity in excess of 25,000
acre~-feet and a total capacity of 2.3 million acre-feet while 76 multiple
purpose projects with individual capacities or less than 25,000 acre-feet
would have a collective capacity near 0.7 million acre-feet. Of the total
multiple purpose storage space about 0.8 million would be for sediment or
other inactive uses, 1.6 million acre-feet for conservation storage for
joint beneficial uses and the remainder would be for exclusive flood control
or regulation of high f lows. The major storage projects visualized bty the
framework plan are on the lower Big Hole River (531,000 acre-feet) and oi
the Missouri River upstream from Fort Benton, Montana (921,000 acre-feet).

3-11. Effects on Fort Peck Iake Regulation. The upstream and tributary
reservoirs affect the regulation of Fort Peck Lake by usually reducing the
natural crest flows provided significant runoff contributing to the crest
flows oripginates above these reservoirs. In certain instances a reservoir
may increase the size of the crest below the project over that which would
be observed naturally either by the speed~up of travel time through the
length of the reservoir or by delaying a portion of the runoff from a sub-
area and thereby contributing to a major crest on the main stream. However,
with the storage space provided and the large number of reservoirs tributary
to the main stem, the possibility of their aggregate effect increasing the
main stem flows is remote.

3-12. Flood Control. Fort Peck Lake, as a multiple-purpose recservoir, is
regulated to prevent or reduce flooding in the reach from Fort Peck Dam to
the headwaters of lake Sakakawea and as a component of the Missouri River
main stem system of reservoirs to lower flood heights in the lower Missouri
River valley. Many of the tributary reservoirs previously discussed may
have incidental effects on flood flows; however, with the exception of Fort
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Peck, only four reservoirs in this area of the Missouri Basin have been
constructed and actively regulated for flood control as a stated purpose.
These are Tiber on the Marias River, Clark Canyon on the Beaverhead River,
Canyon Ferry on the headwaters of the Missouri and Fresno on the Milk

River, all Bureau of Reclamation projects. Regulation of Fresno Reservoir
for flood control consists only of having 40,500 acre-feet of space evacuated
prior to the plains snowmelt in early March with the refill of this space

and subsequent regulation based on multi-purpose needs.

3-13. Tiber Reservoir was initially designed with an allocation of 362,000
acre-feet for irrigation and 400,000 acre-feet for flood control; however,
irrigation projects did not develop and the total allocation for flood
control was temporarily increased to 690,000 acre-feet. Following the
large 1964 flood, it was noted that failure of the spillway foundation was
progressing and retention of significant storage for flood control purposes
has been terminated. Since that time the spillway has been isolated from
the reservoir and an emergency structure constructed. However, incidental
flood control benefits do acerue and the Bureau of Reclamation has been
willing to store up to thieir current scasonal rule curve under informal
arrangements with the Corps of Engineers.

3~-14. Agreement betwsen the Corps of Engineers and the Bureau of Reclamation

- A Fad 1 £ A +
provides for exclusive flood cnnurol, replacement=joint use and local flood

control-joint use storage zones in the Canyon Ferry Reservoir. OStorage
allocations include 104,276 acre-feet of exclusive flood space, 449,335
acre-feet of replacement-joint use space and 349,789 acre-feet of local
flood control-joint use space. IExclusive flood control space is utilized
only for control of large flood inflows and is evacuated as soon as local
flood control objectives in the downstream reaches permit. Joint use space
will be evacuated for flocd control purposes prior to the flood season on
the basis of forecasts of future inflows. During the flood season this
joint use space will be filled while performing its flood control function.
The storage so accwnulated will be available for conservation purposes
during the remainder of the year. Replacement storage space defines
storage space in tributary reservoirs upstream from the main stem system
of reservoirs which, if regulated in conjunction with the regulation of the
main stem reservoirs, can replace a portion of the annual flood control and
multiple use storage space in the main stem system. Replacement of annual
flood eontrol space in the main stem reservoirs allows an increase of carry
over storage in the system while still providing the same degree of flood
protection to the reaches below the system. Replacement and joint use
space in tributary reservoirs is regulated by Corps of Engineers directives
in such a manner to provide reasonable assurance of refill, provided suffi-
cient runoff above minirum multi-purpose needs occurs, at the end of the
mountain snowmelt season. It is available for conservation purposes from
that time until its evacuation prior to the succeeding year's flood season
is necessary.
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3-15. Agreement between the Corps of Engineers and the Bureau of Reclama-
tion also provides for exclusive~local flood control, replacement-local
flood control and joint use storage zones in Clark Canyon Reservoir.
Storage allocation includes 22,615 acre~-feet of exclusive-local flood con-
trol space, 56,475 acre-feet of replacement-local flood control space and
joint use space of 50,436 acre-feet. Joint use space is normally available
for conservation usage except when needed for local flood control and re-
placement storage between 1 February and 30 June. Replacement storage
space is similar to that described for Canyon Ferry above.

ITI-D. Local Flood Protection.

3-16. General. levee projects have been constructed at Havre, Saco, and
Glasgow on the Milk River and at Musselshell on the Musselshecll River. A
project is authorized at Great Falls on the Missouri River above Fort Peck.
These projects have essentially no effect upon the regulation of Fort Peck
Lake, Through the reach of the Missouri River below Fort Peck Dam to the
mouth of the Yellowstone River there has been no projects constructed.
Therefore, the operation and maintenance of local protection projects is
not a factor in the regulation of Fort Peck Lake.

III-E. Water Rights.

3-17. General. The Montana State water rights laws apply to the waters
of the Fort Peck Basin. These laws are known as the Doctrine of Prior
Appropriation. The statutes provide that the unappropriated water of any
river, stream, ravine, coulee, spring, lake or other natural source of
supply may be appropriated, and that an appropriator may impound flood,
seepage and waste waters in a reservoir and thereby appropriate the same.
These statutes basically provide that the use of water may be acquired by
both riparian and non-riparian landowners; that the wvalue of the right is
determined by the priority of the appropriation; that the right is limited
to the use of waler for beneficial purposes; that a right to use of the
water is considered as real property only in the sense that it may be bought
or sold and that its owner may not be deprived of it except by due process
of law. The Montana State Legislature has provided procedures for the
acquisition, determination of priority and administration of the water
rights,

III~F. Irrigation.

3-18. FExisting Irrigation Above Fort, Peck Dam. Irrigation development in
the Fort Peck drainage basin consists of numerous community or privately
owned developments; the Lower Marias, the Sun River, Helena Valley, and

Crow Creek projects developed by the Bureau of Reclamation, the Broadwater-
Missouri, Middle Creek, Willow Creek and Ruby River projects developed by
the Montana State Water Conservation Board and the irrigation system con-
structed by the Bureau of Indian Affairs on the Blackfoot Indian Reservation.

I1I11-6



In the basin above Fort Pcck Dam 980,400 acres were under irrigation in
1970, Of this total 103,000 acres were in the Musselshell River basin,
100,000 acres in the Marias River basin, 10,000 acres in the Judith River
basin. There are a number of small irrigators along the Missouri River
between lMorony and Fort Peck Lake. Approximately 750,400 acres are under
irrigation above Morony Dam. Irrigation from Fort Peck Lake is limited
to a few isolated pumping units. Development of the utilization of water
from Fort Peck Lake in this areca in general is impracticable due to the
high pumping heads required to reach the surrounding tahlelandsupstream
from the dam. Acres irrigated above Fort Peck from 1890 through 1970 are
summarized as follows:

Year Acres Year - Acres

1890 1/ 313,200 1944 933,700
1900 i/ 571,600 1950 847,400
1910 1,027,600 1954 869,900
1920 £03,000 1959 856,900
1930 734,500 1965 960,000
1940 853,300 1970 980,400

;L/ Indian lands not included, The above figures are as reported
by Crop Census and other reports.

3-19. Ixisting Irrigalion from rort Peck Dam to Yellowstone River.
Irrigation development which afifects the flow of the Missouri River between
Fort Peck Dam and the mouth of the Yellowstone River consists of the Milk
River Project and the Buford-Trenton Project developed by the Burean of
Reclamation; the Little Porcupine Creek Unit, the Poplar River Unit, the

Big Muddy Creek Unit, the Wiota and Frazer Pumping Plant Units developed

by the Bureau of Indian Affajrs in the Fort Peck Indian Reservation; land
developed on the Missouri River bottom lands; and a few private projects

in Daniels and Sheridan Counties in the northeastern part of Montana., The
Milk River basin has a total of 140,000 acres of irrigated land. In the
Fort Peck Indian Reservaticn a total of 17,400 acres are irrigated with
water supplied from the Poplar River and the Little Porcupine and Big

Muddy Creeks. On the Missouri River the Wiota and Frazer pumping plants

of the Bureau of Indian Affairs supply water for 5,000 and 11,L00 acres
respectively and small private pumps supply 3,800 acres. Private irrigation
outside the Reservation includes 2,900 acres in Daniels and Sheridan Counties
and 12,700 acres of bottom lund supplied by small pumps along the Missouri
River. The Buford-Trenton Project contains 11,000 acres of irrigated land
in North Dakota supplied with water from the Missouri River by a pumping
unit of 240 c.f.s. capacity located on the left bank about 2} miles upstream
from the mouth of the Yellowstone River. These existing developments include
irrigated land totaling 193,200 acres in Montana and 11,000 acres in North
Dakota.

3-20, Future Irrigation Developrent. In the Missouri River Basin above
the mouth of the Yellowstone River there are approximately 7,188,000 acres
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of land having some kind of irrigation potential. About one-fourth of this,
or 1,673,000 acres, is irrigable under present conditions. About 527,000
acres is land with conditions suitable for irrigation, but located in a
position where water supply under current technology is not available at

a cost favoring private or public developnents, but may be in the fore-
seeable future. About 4,988,000 acres is land suitable for irrigation,
but located in a position where water supply is not available or is only
available at a cost exceeding criteria for potentially irrigable land.

In the Big Hole Basin where only storage and regulation can provide a
dependable water supply, future irrigation development would have to in-
clude the proposed Reichle and Milligan Reservoirs., In the Sun and Teton
River basins irrigation developments have been hampered by lack of storage
facilities both for existing and proposed new irrigation works. The
existing Sun River Project has approximately 18,000 acres undeveloped for
lack of reliable conservation storage capacity and approximately 30,000
acres adjacent to the project in the Teton River Basin could be irrigated
if proper reservoir storage could be provided on the upper Sun River. In
the Madison River Basin development proposals provide for irrigation of
about 33,000 acres by direct diversion from the river.

3-21. Txisting and Future Dzapletjons. Detailed description of depletions
caused by irrigation is contained in Section III of the Master Manual.
Based on the recent comprehensive framework study depletions increased by
216,200 acre—;cet, excluding evaporation from Fort Peck Lake, on an average
annual basis during the period from 1910 to 1949. The framework study
also estimates that they have increased by another 465,400 acre-feet on an
average annual basis to 1970 reaching a total of 681,600 acre~feet. The
increase in depletions during the period from 1910 to 1949 and during the
period from 1949 to 1970, by sub-basins and for selected locations along
the main stem of the Mlssourl Rlver above Fort Peck are summarized in

geographlcal locatlons only. The estlmdted increase of 465,400 acre-feet
in average annual depletions between 1949 and 1970 is due to the following
activities:

Activity Acre~Teet

Irrigation 277,300

Large Reservoir Evaporation 151,800

Forestry Practices - 16,900

Watershed Treatment and " 53,200
Ponds

The framework study estimates increases in depletions above Fort Peck for
the periods of 1970 to 1980, 1980 to 2000 and 2000 to 2020 as 280,000
acre~feet, 424,000 acre-feet and 46,000 acre-feet respectively. This
results in a total expected depletion of 1,431,600 acre-feet by 2020,
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TABLE 7
SUMMARY OF ESTIMATED AVERAGE ANNUAL DEPLETICNS
ABOVE FORT PECK DAM

Average
Annual
Depletion in 1000 Acre-Feet Flow
1910 1949 After
to to 1970
General Area Description Total 1949 1970 1,000 A.F.
Beaverhead River Basin 91.2 1L4.0 77.2 200
Ruby River Basin L0.6 L0.9 -0.3 130
Bighole River Basin -7.3 ~7.3 790
Jefferson River Valley Area h.7 he7
Madison River Basin -1.6 -1.6 1,170
Gallatin River Basin 2.1 2L.1 650
Missouri Valley Area shove
Toston 70.1  L5.0 25.1
Smith & Dearborn Rivers Area 9.4, -25.0 3h.4h
Sun River Basin 112.1  96.3 15.8 1190
Marias-Teton River Basing 135.6  34.0 101.7
Arrow-Judith River Basins 11.3 . 11.3
Musselshell River Basins L6.1  20.0 26.1 130

Missouri Valley Area to
Fort Peck 145.2 -9.0 154.2

Evapcration from Fort
Peck Lh1.0 Lhl.O

Total above Fort Peck
Dam 1122.5 657.2 1,635,

“ote: Above data from Missouri River Basin Comprehensive Framework Study
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111-G. Water Supply and Pollution Control.

3-22, Municipal Water Supply. A number of tovms and cities obtain their
water supply from the streams and reservoirs in the basin above Fort Peck
Reservoir and from the Missouri River below Fort Peck Dam. Above Fort
Peck Lake, Great Falls and Helena have the only large municipal water
systems using Hissouri River water. Other municipal requirements above
Fort Peck lake are supplied by smaller tributaries or wells. The City

of Butte obtains its municipal water supply from the Birhole River.

Below Fort Peck Dam, the towns of Nashua, Cuvlbertscn and Williston obtain
their municipal water supply from the Missouri River. The Glasgow Air
Force Base has installed a water intake directly below Fort Peck Dam and
also obtains its water supply from the Missouri River. The present usage
of the water supply for municipal purposes is far below the available
supply, and it is not anticipated that demands in the near future will
exceed the supply. '

3-23. Stream Pollution. Pollution of streams has not developed into a
serious problem in this area as urban areas are small and there are only
a small number of industries. Since the lMontana State Government, by
education as well as laws, is inducing cities and industries to treat
wastes before they reach flowing streams, it scems unlikely that any
future problem will develop. Contemplated minimu rcleases from Fort
Peck Lake are far more than adequate for all presernt requirements in the
directly affected reach for municipal purposes and pollution abatement.
This water supply is sufficient for all future anticipated demands, and
should be a decided influence in the growth of cities and industrial
development along the reach of the Missouri River between Fort Peck Danm
and Lake Sakakawea.

III-H, Navigation.

3-24., General. The Missouri River main stem rescrvoir system is designed
with storage reserves ample to support navigation in the reach of the river
below Sioux City, Iowa. The coordinated regulation of Fort Peck Lazke, as

a component unit of the Missouri River main stem reservoir system, assists
in providing stabilized flows. The original design for the Corps of Engineers
9-foot navigation channel was based on a full &-month navigation season at
Sioux City with a minimum flow of 30,000 c.f.s. for 90 percent of the time
and as low as 20,000 c.f.s. for the remaining 10 percent of the time. This
original plan was based on utilization of reservoir storage from Fort Peck
Iake alone, and did not contemplate either the new main stem reservoirs or
the new large upstream depletions, which will be largely compensating in
their effects. The presently authorized project is described in detail in
Section III of the Master Manual. When completed the Missouri River 9-foot
navigation channel will be comparable to and will form an important link
with the remainder of the 7,000 mile Mississippi River waterway system.

11I-10



1
L

I1I-I. Hydroelectric Power Production and Distribution.

3-25, History. Montanais first hydroelectiric powerplant of importance
was built at Black Eagle Falls on the Missouri River near the City of
Creat Falls in 1891. It had a capacity of 8,000 horsepower and supplied
electricity to the Great Falls area. In 1908, hydroelectric powerplants
were built at Canyon Ferry on the Missouri River, 17 miles from Helena
(this Montana Power Company plant was removed with the construction of
the U.S.B.R. Canyon Ferry Project), and on the Bighcle River, 21 miles
from Butte. These three early plants formed the nucleus of the Montana
Power Company's system. These were soon followed by other hydroelectric
powerplants constructed by the Montana Power Company at Madison Dam on
the Madison River, at Rainbow Falls and Ryan Dam on the Missouri River
below the City of Great Falls and at Holter, Hauser and Hehgen Dams above
Great Falls. Additional hydroelectric powerplants were constructed by
the Montana Power Company on the Missouri River at Morony Dam in 1930
and at Cochrane Dam in 1958.

3-26. At the present time there are eleven hydroelectric powerplants in
operation in the upper Missouri River Basin having a total installed
capacity of 472,850 kw. These include the two Fort Peck powerplants at
Fort Peck Dam constructed by the Corps of Engineers, Canyon Ferry on the
Missouri River constructed and operated by the Bureau of Reclamation and
nine plants constructed and operated by the Hontana Power Company. The
ultimate planned power capacity of 165,000 kilowatts has been developed

at the Fort Peck Project. Based on a 100 year economic life, the average
capacity is estimated to be 166,000 kw for the first 50 year period and
150,000 kw for the second 50 year period. The average annual energy is
estimated to be 979 million kwh for the first 50 year period and 940 million
kwh for the second 50 year period. Revenue from power sales will repay all
costs of the Fort Peck Project allocated to electric power, including in-
terest and amortization. Excess revenue from power sales will be used to
assist repayment of costs for irrigation projects developed by the Bureau
of Reclamation in the Missouri River Basin. Descriptions of the existing

_hydroelectric generating facilities above Fort Peck Lake are shown in

Table 8 [ 1

3-27. Distribution and Marketing., The Bureau of Reclamation is the agency
responsible for the distribution and marketing of all Federal power produced