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In 2003, the United States Fish and Wildlife Service (USFWS) issued an
Amended Biological Opinion (2003 Amended BiOp) on the United States Army Corps of
Engineers’ (Corps’) Missouri River System operations. Among other actions, the 2003
Amended BiOp called for bimodal spring pulse releases from Gavins Point Dam for the
benefit of the listed pallid sturgeon. Working with the USFWS, Tribes, states, and other
basin stakeholders, the Corps has developed technical criteria for the bimodal spring
pulse releases which, under the terms of the 2003 Amended BiOp, are to be
implemented by March 2006. By my approval of the attached Memorandum of
Decision, the Corps is including these technical criteria in Revision 1 to the Missouri
River Mainstem Reservoir System Master Water Control Manual (Master Manual). In
addition to the spring rise technical criteria in Chapter 7 and Appendix |, Revision 1 also
includes an update of Appendix A.

Public participation in the soon-to-be-established Missouri River Recovery
Implementation Committee will be critical to efforts to recover these protected species.
The Corps is dedicated to this effort and is committed to serve the Nation and its
citizens in protecting one of our National Treasures, the Missouri River. We are also
committed to working with all basin interests, including Tribes, states, and interested
public and private groups, to assure that the implementation of the water control plan,
as presented in this Master Manual, as well as any future changes, are coordinated with
the basin. The Corps looks forward to our participation in this regional partnership in
carrying out our stewardship responsibilities to the Nation and the region in the
regulation of the Missouri River Mainstem System.

Sincerely,

/ Signed /

Gregg F. Martin
Brigadier General, US Army
Division Commander

Record of Decision
Master Water Control Manual



MEMORANDUM OF DECISION

MISSOURI RIVER MASTER WATER CONTROL MANUAL, REVISON 1,
INCORPORATION OF TECHNICAL CRITERIA FOR BIMODAL SPRING PULSE
RELEASES FROM GAVINS POINT DAM

In 2003 the United States Fish and Wildlife Service (USFWS) issued an Amended
Biological Opinion (Amended BiOp) on the United States Army Corps of Engineers’
(Corps’) Missouri River Mainstem Reservoir System operations. Among other actions,
the Amended BiOp called for bimodal spring pulse releases from Gavins Point Dam for
the benefit of the endangered pallid sturgeon. Under the terms of the Amended BiOp, a
plan for the bimodal spring pulse releases is to be implemented by March 2006.

Bimodal spring pulse releases from Gavins Point Dam were controversial throughout the
Missouri River Master Water Control Manual (Master Manual) Review and Update
National Environmental Policy Act (NEPA) process. Although the NEPA documents
developed during that process addressed several alternatives that included spring pulse
releases, the Record of Decision (ROD) for the revisions to the Master Manual dated
March 19, 2004 did not include any flow changes for the pallid sturgeon. The ROD did
present the Corps’ commitment to identify a spring pulse plan that complied with the
provisions of the Amended BiOp by 2006.

Subsequent to the issuance of the March 19, 2004 ROD, the Corps, in coordination with
the USFWS and with the assistance of the United States Institute for Environmental
Conflict Resolution, coordinated with basin Tribal representatives, States, and
stakeholders in an attempt to develop a basin consensus for bimodal spring pulse release
criteria meeting the requirements of the Amended BiOp. While this process was not
successful in developing a basin consensus, it did assist the Corps in developing spring
pulse release technical criteria for inclusion in the Master Manual. Recognizing the
unique government-to-government relationship between American Indian Tribes and the
United States, and in light of the Corps’ Trust responsibilities and commitments pursuant
to the March 2004 “Programmatic Agreement for the Operation and Management of the
Missouri River Mainstem System for Compliance with the National Historic Preservation
Act”, additional consultation/meetings were held with Tribal representatives and
members regarding the spring pulse release technical criteria to address Tribal issues.

An Environmental Assessment (EA) was prepared (attachment) that addresses the
purpose and need for the bimodal spring pulse releases from Gavins Point Dam. The EA
compares the environmental impacts of the bimodal spring pulse releases plan, as defined
by the technical criteria, with the range of impacts of alternative spring pulse proposals
that were addressed in prior environmental analyses conducted by the Corps. These prior
analyses were presented in the Final Environmental Impact Statement, Missouri River
Master Manual Water Control Manual, Review and Update (FEIS). The EA has
concluded that the impacts associated with the bimodal spring pulse releases technical



criteria are within the range of impacts identified for spring pulse alternatives analyzed in
the earlier Master Manual Review and Update NEPA process, or less than the impacts
identified by those alternatives. The EA also discussed a No Action Alternative whereby
spring pulse criteria would not be adopted, but concluded that the Corps would not be in
compliance with the Endangered Species Act if the No Action Alternative were adopted.

The USFWS has informed the Corps that the technical criteria for bimodal spring pulse
releases from Gavins Point Dam, if implemented in conjunction with a comprehensive
adaptive management strategy, will meet the intended purposes outlined in the 2003
Amended BiOp for 2006 and beyond. The technical criteria include sufficient safeguards
to minimize impacts to authorized project purposes, basin Tribes, and both upstream and
downstream river uses while providing potential benefits to the endangered pallid
sturgeon. The bimodal spring pulse releases, as described in the technical criteria, would
not be implemented in extreme drought conditions, thereby protecting upstream reservoir
uses. The technical criteria do not modify existing downstream flow limits, thereby
providing the same level of protection to downstream rivers users, who are concerned
about interior drainage and groundwater issues, as are currently provided.

The Corps is committed to monitoring both the physical and biological impacts of the
bimodal spring pulse releases, including the response of the pallid sturgeon to the pulses,
further evaluation of interior drainage and groundwater concerns, and potential impacts to
cultural resources. Within an overall adaptive management strategy, results of
monitoring will be used to inform future modifications to the criteria. If future changes
to the technical criteria are necessary, they will be the subject of Tribal and public

review.

I find that the bimodal spring pulse release criteria, as described in the EA and included
in Appendix I of the revised Master Manual, is consistent with all environmental statutes
and the Corps’ Trust and Treaty responsibilities to Missouri River Basin Tribes; provides
for the Congressionally authorized uses of the Mainstem Reservoir System; and is not
contrary to the public interest. I, therefore, approve these revisions to the Master Manual.

/ Signed /

Date: 28 February 2006 Gregg F. Martin
Brigadier General, U.S. Army
Division Engineer
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MISSOURI RIVER BASIN
MAINSTEM RESERVOIR SYSTEM
MASTER WATER CONTROL MANUAL

| - INTRODUCTION

1-01. Authorization. This manual has been prepared as directed in the U.S. Army Corps of
Engineers’ Water Management Regulation, ER 1110-2-240, which prescribes the policies and
procedures to be followed by the U.S. Army Corps of Engineers (Corps) in carrying out water
management activities, including establishment and the updating of water control plans for Corps
and non-Corps projects, as required by Federal laws and directives. This manual is prepared as a
Master Water Control Manual (Master Manual) as discussed in that regulation. This manual is
also prepared in accordance with pertinent sections of the Corps’ Engineering Manual, EM 1110-
2-3600, entitled “Management of Water Control Systems.” This Master Manual is prepared
under the format and recommendations described in the Corps’ Water Management Regulation,
ER 1110-2-8156, dated August 31, 1995 and entitled “Preparation of Water Control Manuals.”
Revisions to this manual are processed in accordance with ER 1110-2-240. Deviations from this
manual are processed in accordance with ER 1110-2-1400.

1-02. Purpose and Scope. Master Manuals for river basins that include more than one Corps
District are prepared by, or under direct supervision of, Division Commanders. The system of
six dams on the Missouri River affects not only the States within the Missouri River basin in
which the six dams and their reservoirs are located, but also the downstream reaches of the
Missouri River to its mouth near St. Louis, Missouri. The States are located within the Corps’
Omaha and Kansas City Districts; therefore, the Missouri River Basin Water Management
Division (MRBWMD), Programs Directorate, of the Corps’ Northwestern Division (NWD)
located in Omaha, Nebraska has prepared this Master Manual. A subset of the MRBWMD,
known as the Reservoir Control Center (RCC), is responsible for the day-to-day regulation of the
Missouri River Mainstem Reservoir System (System). Section 9 of the 1944 Flood Control Act
authorized the System to be operated for the purposes of flood control, navigation, irrigation,
power, water supply, water quality control, recreation, and fish and wildlife. In addition,
operation of the System must also comply with other applicable Federal statutory and regulatory
requirements. Furthermore, to achieve the multi-purpose benefits for which they were
authorized and constructed, the six System reservoirs must be operated as a hydraulically and
electrically integrated system. A Master Manual is required because the System consists of the
integrated operation of multiple projects, each having its own Water Control Manual. The
Master Manual serves as a guide to the RCC in meeting the operational objectives of the System
when regulating the six System reservoirs. This Master Manual also includes the integrated
operation of both System and tributary reservoir water control plans so that an effective plan for
flood control and conservation operations exists within the basin. The sheer size of the System
dwarfs all other tributary reservoir projects within the Missouri River basin; therefore, this plan
must serve to integrate all those operations to remain effective in meeting the overall operational
objectives of the System.



1-02.1. The total set of Water Control Manuals for the System numbers seven, one for each of
the individual projects and this Master Manual. The Water Control Manual for the entire System
is in seven volumes as follows:

Volume Project

Master Manual

Fort Peck Dam & Reservoir (Fort Peck Lake)

Garrison Dam & Reservoir (Lake Sakakawea)

Oahe Dam & Reservoir (Lake Oahe)

Big Bend Dam & Reservoir (Lake Sharpe)

Fort Randall Dam & Reservoir (Lake Francis Case)
Gavins Point Dam & Reservoir (Lewis and Clark Lake)

~No ok, wWwN -

1-02.2. The individual project Water Control Manuals serve as supplements to this Master
Manual and present aspects of project usage not common to the System as a whole, including
added detail on the incremental drainage areas regarding hydrology, hydrologic networks,
forecasting, streamflow, and runoff. Also site-specific maps and regulation considerations for
each individual project are discussed in greater detail than in this Master Manual.

1-02.3. This Master Manual describes the water control plan for the System. The plan consists
of the water control criteria for the management of the System for the full spectrum of
anticipated runoff conditions that could be expected to occur. According to ER 1110-2-240,
“Throughout the life of the project, it is necessary to define the water control criteria in precise
terms at a particular time, in order to assure carrying out the intended functional commitments in
accordance with the authorizing documents.” Annual water management plans (Annual
Operating Plans, or AOP’s) are prepared each year, based on the water control criteria contained
in the Master Manual, in order to detail reservoir regulation of the System for the current
operating year. Because the System is so large, it can respond to extreme conditions of longer
than one-year duration. The AOP document also provides an outlook for planning purposes in
future years.

1-02.4. ER 1110-2-240 also specifies, “...necessary actions will be taken to keep approved
water control plans up-to-date.” The regulation further states, “For this purpose, plans will be
subject to continuing and progressive study by personnel in field offices of the Corps of
Engineers.” Revision of this Master Manual may be necessary in the future because of the
possible changing emphasis on the level of service to various authorized or new project purposes
or with new knowledge that is gained from additional actual operating experience. The emphasis
will remain, however, on maintaining the inherent flexibility that exists and is required for
effective operation of the System. New information on the needs of the project purposes, such as
the requirements for endangered species enhancement, may also require revision of the water
control plan and, subsequently, the Master Manual. Furthermore, other factors within the basin,
such as a significant reduction in the availability of water (changes in depletions of water within
and downstream from the System), may also require a revision of the water control plan included
in this Master Manual.



1-02.5. Chapter 3 of the Engineering Manual for Management of Water Control Systems (EM
1110-2-3600) outlines the various steps and technical considerations necessary to develop water
control plans. This chapter states, “Usually, management of water control systems by the Corps
involves input from other agencies of the Federal government, as well as state and local
authorities, public utilities, irrigation districts, fish and wildlife interests, and other groups that
are involved in environmental and public use functions of project regulation.” ER 1110-2-240
also addresses public input when it states, “Water control plans will be developed in concert with
all basin interests which are or could be impacted by or have an influence on project regulation.”
The NWD fully complied with these regulations and the Water Resources Development Act of
1990 as this Master Manual was reviewed and updated with a new water control plan. Basin
interests can anticipate continued public involvement in the water control management process
and any significant water control plan or Master Manual revisions in the future will be processed
in accordance with ER 1110-2-240. Minor revisions to this or any of the previously mentioned
individual project manuals will be the responsibility of the RCC and do not require coordination
throughout the basin. In addition, changed circumstances or unforeseen conditions may
necessitate short-term deviations from the current water control plans (CWCP). Such deviations
are reviewed and approved by the Commander, Northwestern Division in accordance with ER
1110-2-1400.

1-03. Related Manuals and Reports. The Master Manual was first published in December
1960. Selected pages were revised in November 1973, and a revised water control manual was
published in 1975. Regulation criteria for flood control were revised, and the Master Manual
was republished in 1979. The Master Manual has been reprinted several times since with no
additional changes using the 1979 date. The first Master Manual and its subsequent versions
were developed in consultation with State governments within the Missouri River basin and
Federal agencies having related authorities and responsibilities. This Master Manual represents
the first major revision of the drought conservation regulation portion of the water control plan
for the System.

1-03.1. Public concern over the drought conservation plan presented in the 1979 version of the
Master Manual surfaced early in the 1987 to 1993 drought. This was the first major drought to
occur in the basin since the System was originally filled and became fully operational in 1967.
The NWD initiated an update of the water control plan in 1989 because of this concern. The
update to the existing water control plan was considered a major revision that required extensive
coordination with basin interests. As part of the subsequent review and update process for the
Master Manual, an Environmental Impact Statement (EIS) under the auspices of the National
Environmental Policy Act was prepared. Numerous supporting technical reports and five
versions of the EIS (preliminary draft (May 1993), draft (July 1994), preliminary revised draft
(August 1998), revised draft (August 2000), and final (March 2004)) were prepared. The basis
for the selection of the water control plan included in this Master Manual is outlined in the Final
EIS and the subsequent Record of Decision. There have been extensive coordination activities
conducted by the NWD during the 14-year process of updating this Master Manual. This Master
Manual represents the culmination of those coordination efforts.

1-03.2. The operation of the Corps’ integrated dam and reservoir projects, such as the System, is
guided by information presented in master water control manuals. To achieve the maximum



multi-purpose benefits for which the Mainstem reservoirs were authorized and constructed, the
System must be operated as a hydraulically and electrically integrated system. This Master
Manual, therefore, presents the basic operational objectives and the plans to obtain these
maximum multi-purpose benefits with supporting data. The individual project manuals for the
System serve as supplements to this manual and present aspects of project usage not common to
the System as a whole.

1-04. Project Owner. The System was constructed and is owned, operated, and maintained by
the Corps of Engineers, Department of the Army.

1-05. Operating Agency. The Corps operates the System. The Corps’ Northwestern Division’s
Missouri River Basin RCC, located in Omaha, Nebraska, oversees the day-to-day
implementation of this water control plan. The Omaha District of the Northwestern Division has
staff located at each of the System’s projects to carry out the day-to-day operation (based on the
water management orders received from the RCC in Omaha) and maintenance of the Mainstem
projects. All of the Mainstem dams serve hydropower as an authorized function and, therefore,
are automated into a system called the Power Plant Control System (PPCS) for regulation of
hydropower production and project releases. The Western Area Power Administration (Western)
uses the Mainstem projects as an integral part of the Midwest power grid. Project Power
Production Orders, reflecting the daily and hourly hydropower limits imposed on project
regulation, are generated by the RCC and sent to each Mainstem project on a daily basis, or more
frequently, as required. Also during critical periods, coordination between project personnel and
RCC staff is conducted on an as needed basis to assure that expected releases rates are achieved.

1-06. Regulating Agencies. As the project owner, the Corps has the direct responsibility of
regulating the System to meet the authorized project purposes. This is done in coordination with
many others, including Federal, State and Tribal agencies and a myriad of stakeholders. As these
other entities provide input to the Corps on the Master Manual and through the AOP processes,
the Corps must determine if the proposal is within the Corps’ authority and has met all applicable
laws and regulations regarding System operation prior to incorporating any of this input into the
AOP or day-to-day operations. As part of its regulation of the System, the RCC conducts day-to-
day coordination with Western, which markets the power produced at each project, and frequent
coordination with the U.S. Fish and Wildlife Service (Service), which advises the Corps on the
effects of System regulation related to endangered and threatened species. Coordination with the
other previously mentioned specific interest groups is conducted on an as-needed basis,
following initiation by either the Corps or the entity.



Il - LEGISLATIVE AND SYSTEM CONSTRUCTION HISTORY

2-01. Water Resources Authorization History. This section describes the authorization
history of water resources projects in the Missouri River basin.

2-01.1. Early Development. The United States acquired the land that forms the Missouri River
basin by a treaty signed on April 30, 1803. At more than 800,000 square miles in size, the
Louisiana Territory was purchased for $15,000,000 from France and is called the Louisiana
Purchase. The first Federal exploration/survey of the Missouri River basin was made in 1804-
1806 by two Army officers, Captains Meriwether Lewis and William Clark. Development of the
basin’s water resources began in the 1800°s with the earliest efforts being single-purpose
developments in response to specific needs, such as use of the rivers for water supply, irrigation,
navigation, or mining. The first steamboat entered the river in 1819, and traffic developed
rapidly to meet the needs of the expanding West. The first Federal development was initiated
when Congress appropriated funds to the Corps for a program of snag removal to aid navigation
in 1824. Navigation of the Missouri River by steamboat reached a peak in about 1880 and
dwindled to nothing by about 1890 because of the coming of the railroads. In 1884, at about the
peak of steamboat traffic, Congress created the Missouri River Commission within the Corps for
the purpose of improving the river channel and decreasing the transportation hazards. When the
Commission ceased to exist in 1902, the Corps resumed its normal activities in the basin.

2-01.2. Prior to 1865, streamflow in the Missouri River basin was largely unused except for
transportation by water and as a source of water supply. At about that time, the early settlers and
homesteaders, their numbers swollen by uprooted Civil War survivors, began irrigation and
mining ventures in substantial numbers. By the year 1900, streamflow depletions in the Missouri
River basin, due to these private developments, had increased to about 3 million acre-feet (MAF)
per year. Prior to 1900, Congressional legislation dealing with water resource development other
than navigation was primarily concerned with support and encouragement of private
development of water resources. This emphasis changed shortly after the turn of the century;
and within the overall scope of the history of basin water resources development, several aspects
of Federal legislation merit specific mention.

2-01.3. The Reclamation Act of 1902. This Act authorized development of irrigation projects
with Federal financing subject to partial repayment by irrigators and partial reimbursement from
hydroelectric power revenues. The Act is limited in application to the 17 states west of the 98th
Meridian. The fundamental purpose of the Act was to reclaim and foster settlement on
undeveloped lands in the western States. Accordingly, a limitation of 160 acres was placed on
the amount of individually owned land that would be furnished irrigation water. The
Reclamation Act has since been amended and expanded to permit water resources development
for other beneficial purposes besides irrigation.

2-01.4. The Rivers and Harbors Act of 1912. This Act authorized a 6-foot navigation channel
for the Missouri River from the mouth to Kansas City, Missouri. Several subsequent
Congressional acts modified this navigation project, the latest being the Rivers and Harbors Act
of March 2, 1945, which provided for works to secure a 9-foot-deep by 300-foot-wide channel
from the mouth to Sioux City, lowa.
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2-01.5. The Rivers and Harbors Act of 1927. Pursuant to this Act, the Corps undertook the
first comprehensive investigation and study ever made of the water resources and associated
problems of the Missouri River basin. The entire river system was examined to determine the
water resources and the prospects of its development for flood control, navigation, irrigation, and
power. The reports of these investigations, the “308 Reports,” are historic reference documents
for water resource development in the Missouri River basin.

2-01.5.1. This comprehensive investigation and its reports identified many projects that did not
appear to be feasible at that time or within the scope of National policy for Federal development
but were subsequently adopted by the Corps and the Bureau of Reclamation (USBR) as integral
parts of the Missouri Basin Plan. Experience was gained and a large amount of data was
collected in diversified fields that have subsequently made important contributions to the
solution of basin problems.

2-01.6. The Rivers and Harbors Act of 1935. The construction of Fort Peck Dam was
commenced under Executive Order in October 1933 with funds provided by Congress for the
relief of unemployment. Subsequently, the project was specifically authorized by Congress in
the Rivers and Harbors Act, approved August 30, 1935, in accordance with the Chief of
Engineers’ recommendations included in House Document No. 238, 73rd Congress, 2nd Session.
The Fort Peck Power Act of 1938 authorized construction of the power facilities. Originally, the
project was authorized primarily for improving navigation on the Missouri River and the
incidental purposes of flood control and hydroelectric power production. The Fort Peck Power
Act of 1938 also designated the USBR as marketing agent for power generated and made power
rate schedules subject to the confirmation and approval of the Federal Power Commission.

2-01.7. The Flood Control Act of 1936. This Act established the policy that (a) flood control
on navigable waters or their tributaries is a proper activity of the Federal Government in
cooperation with the States, and (b) the Corps’ Chief of Engineers would have jurisdiction over,
and supervision of, Federal investigations and improvements of rivers and other waterways for
flood control and allied purposes. Subsequent flood control acts amended the 1936 Act to
authorize Federal participation in more comprehensive water resources developments.

2-01.8. The Flood Control Act of 1938. Although this legislation resulted from studies of
floods on the Mississippi River and did not authorize a large number of projects to be built in the
Missouri River basin, it recognized the Missouri River basin as having a general flood problem
in the lower portion of the basin and as contributing significantly to the disastrous floods on the
Mississippi River. Accordingly, the Act authorized the Corps to construct nine reservoirs in the
lower part of the Missouri River basin for flood control. The 1938 Act adopted comprehensive
plans for many basins, including the Missouri River basin. This was the initial step toward the
overall Missouri Basin Development Plan. The first expansion of this plan resulted from
additional Corps studies and appeared in the Flood Control Act of 1941, wherein levee
protection along the Missouri River from Sioux City, lowa, to Kansas City, and the Harlan
County Reservoir on the Republican River in Nebraska were authorized.

2-01.9. The Flood Control Act of 1944. This Act approved a plan of development for the
Missouri River basin based on a Corps proposal, as presented in House Document No. 475, 78th
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Congress, 2nd Session, and a proposal by the USBR, as presented in Senate Document No. 191,
78th Congress, 2nd Session. The coordinated result of these two plans was presented in Senate
Document No. 247, 78th Congress, 2nd Session. Under this Act, the Corps was given the
responsibility for development of projects on the main stem of the Missouri River. Tributary
projects were made the responsibility of the Corps if the dominant purpose was flood control.
The Department of the Interior was designated as the marketing agent for all power, beyond
project requirements, produced at Corps projects. The Department of the Interior subsequently
designated the USBR as the marketing agent for power generated by the main stem projects and
the Southwestern Power Administration as the marketing agent for power generated at basin
projects within the State of Missouri. Rate schedules for the sale of power are subject to
confirmation and approval by the Federal Power Commission. Section 1(b) of the Act,
sometimes referred to as the O’Mahoney-Millikin Amendment, provides that, for water rising in
states wholly or partly west of the 98th Meridian, use for navigation shall be subordinate to
present or future beneficial consumptive use in those states. Under the 1944 Flood Control Act,
approximately 100 tributary reservoirs were authorized in addition to the Garrison, Oahe, Big
Bend, Fort Randall, and Gavins Point projects on the main stem of the Missouri River. The Act
incorporated the Fort Peck project into the multi-purpose Mainstem Reservoir System (System).

2-01.10. The Watershed Protection and Flood Prevention Act of 1954. This Act extended
Federal interest and financial participation to land stabilization and flood prevention measures on
smaller watersheds. Thus, this Act served to supplement the policy for flood control measures
on major streams established earlier. Subsequent amendments to the Act of 1954 increased the
limitations on size of watershed eligible for improvement and on storage capacity of individual
reservoirs. These amendments also authorized provision of storage for purposes other than flood
prevention, within the overall storage limitation.

2-01.11. The 1958 Water Supply Act. In this Act, Congress recognized that the states and
local interests have primary responsibility for developing water supplies for domestic, municipal,
industrial, and other purposes; however, it provided that the Federal Government should
participate and cooperate by making provision for water supply in the construction, maintenance,
and operation of Federal navigation, flood control, irrigation, or multiple-purpose projects.
Accordingly, storage for water supply may be included in any Federally-constructed reservoir
project, subject to consummation of certain assurances or agreements for non-Federal repayment
of costs allocated to water supply.

2-01.12. The Federal Water Project Recreation Act of 1965. This Act established the
development of the recreation potential at Federal water resource projects as a full project

purpose.

2-01.13. The 1986 Water Resources Development Act. Section 906 of this Act establishes a
comprehensive mitigation policy for water resource projects, including Section 906e, which
authorizes the Secretary of Army to provide for fish and wildlife mitigation resulting in projects
under his or her jurisdiction.

2-01.14. Other Federal Legislation. There is a significant amount of other Federal legislation
of particular importance to land and water resources development in the Missouri River basin.
This legislation has had a significant impact on water resources development and the
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implementation of the authorized purposes of the System and is, therefore, included here to
provide additional understanding to the complexity of the System and the implementation of
these laws into System regulation.

2-01.14.1. The Fish and Wildlife Coordination Act of 1946. This Act promotes the
preservation and enhancement of fish and wildlife through equal consideration of their habitat
needs in conjunction with Federal participation in water resource development commonly
referred to as the “Coordination Act.”

2-01.14.2. The Federal Water Pollution Control Act of 1956 and subsequent amendments.
The Act provides for the preservation of water quality through low-flow augmentation. (not a
sentence)

2-01.14.3. The Fish and Wildlife Coordination Act of 1958. This Act provides that equal
consideration should be given to fish and wildlife resources through consideration of their habitat
needs in conjunction with Federal participation in water resource development. This Act also
provides authority to modify projects for the benefit of fish and wildlife enhancement.

2-01.14.4. The National Environmental Policy Act of 1969. This Act outlines the actions to
be taken relative to protecting and enhancing the quality of the human environment. In general,
it requires that the impacts to the human environment be evaluated as a project is planned, with
the impacts presented in an environmental impact statement. Further, this documentation needs
to be coordinated with the public so that its comments are considered as the final project is
selected.

2-01.14.5. The Federal Water Pollution Control Act of 1972. Referred to as the “Clean
Water Act,” this Act established goals to restore and maintain the quality of the Nation’s waters.
The effects of the regulation of the System on water quality are continuously monitored to ensure
that the System regulation enhances water quality to the extent reasonably possible.

2-01.14.6. The 1973 Endangered Species Act as amended. The 1973 Endangered Species Act
(Public Law 93-205 and as amended in Public Laws 95-632, 96-159 and 97-304) states the
policy of Congress is that all Federal departments and agencies shall seek to conserve
endangered and threatened species and shall utilize their authorities in furtherance of the
purposes of this Act. The purposes of this Act are to provide a means whereby the ecosystems
upon which endangered and threatened species depend may be conserved and to provide a
program for the conservation of such endangered and threatened species. Section 7 states that all
Federal departments and agencies shall, in consultation with and with the assistance of the
Secretary of the Interior/Commerce, ensure that any actions authorized, funded, or carried out by
them are not likely to jeopardize the continued existence of any endangered or threatened species
or result in the destruction or adverse modification of habitat determined by the Secretary of
Interior to be critical unless an exception has been granted by the Endangered Species
Committee. The Fish and Wildlife Service (Service) of the Department of Interior administers
consultation procedures. The System has both threatened and endangered species within the
project area.
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2-01.15. Legislation of Significance to Tribes with Regard to System Regulation. A number
of Federal laws and regulations deal with impacts to Tribal resources and Federal Agency
coordination and consultation requirements with Native American Tribes. Responsibilities
toward Tribes in the Missouri River Basin are governed by a number of treaties, statutes, and
executive orders. The treaties are not a grant of rights to the Tribes, but as the U.S. Supreme
Court has said, it is a “grant of rights from them.” U.S. v. Winans, 198 U.S. 371 (1905). The
Tribes therefore retain any right that was not expressly extinguished in the treaty or later
abrogated by Congress. These rights, often called reserved rights, include water rights and
traditional hunting and fishing rights. Some of the more significant laws that directly structure
the Corps’ relationship with Tribes include: the National Historic Preservation Act (NHPA, 16
U.S.C. § 470 et seq.), the Archaeological Resources Protection Act (ARPA, 16 U.S.C. §§ 470aa-
mm), the Native American Graves Protection and Repatriation Act (NAGPRA, 25 U.S.C. § 3001
et seq.), and Executive Order 13007. These laws seek to protect Native American cultural
resources, human remains, and sacred sites. They provide requirements and processes for the
Corps to protect and preserve cultural resources. The statutes also provide a framework for
consultation with Tribes on issues of mutual importance.

2-01.16. Summary - Specific Project Authorizations. The 1944 Flood Control Act authorized
construction of all of the System projects with the exception of Fort Peck, which was originally
authorized by the Rivers and Harbors Act of 1935. The inclusion of the Fort Peck project as part
of the multipurpose System was authorized in the 1944 Flood Control Act. The Fort Peck Power
Act of 1938 authorized construction of power facilities at the project while the 1944 Flood
Control Act authorized multiple-purpose regulation of the Fort Peck project similar to the other
System projects. As can be determined by reading the above Federal water resource legislative
history, several acts influenced or guided the development of and/or regulation of the System and
determined the operational objectives stated in this manual in the form of a water control plan for
the System.

2-02. Project Planning and Design History. The following paragraphs provide a brief history
of the planning and design of the System. This is best accomplished by reviewing the early days
of water resource development in the Missouri River basin.

2-02.1. The 1944 Flood Control Act. The House Committee on Flood Control passed a
resolution in 1943 asking the Corps to produce a plan for flood control and other purposes in the
Missouri River basin. This request followed significant basin flooding in 1943, which is
discussed in detail in Appendix A, titled “Floods of 1943.” Both the Corps and the USBR
prepared plans for the multiple-purpose water resource management throughout the Missouri
River basin. The Corps' then Missouri River Division Engineer, Colonel Lewis A. Pick,
developed the Pick Plan, emphasizing navigation and flood control purposes. The Corps
prepared a plan that relied heavily on a “308 Report” prepared in 1934. Three types of projects
were proposed in the Pick Plan. These were 1,500 miles of levees along both sides of the
Missouri River from Sioux City to the mouth, many small reservoirs located on the tributaries,
and five additional Mainstem dams. William G. Sloan, Assistant Regional Director of the
USBR’s Upper Missouri Region, developed the Sloan Plan, emphasizing irrigation for economic
stability and hydroelectric power for economic growth. Rivalry existed between the Corps and
USBR over which of the two plans should be followed. A plan sponsored by the Corps (House
Document No. 475, 78th Congress, 2nd Session) was submitted to the Congress on March 2,
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1944. The USBR's plan was presented to the Congress on May 5, 1944, (Senate Document No.
191, 78th Congress, 2nd Session). A coordinated plan, developed by the Corps and USBR, was
submitted to the Senate on November 21, 1944 (Senate Document No. 247). Franklin D.
Roosevelt signed the Flood Control Act of 1944 on December 22, 1944 (Public Law 534, 78th
Congress, 2nd Session), which approved the coordinated plan and authorized appropriations to
each of the two agencies for initial construction.

2-02.2. Missouri River Basin Project/Pick-Sloan Plan Missouri Basin Program. The
Missouri River Basin Project, authorized by the Flood Control Act of 1944, envisioned a
comprehensive system of flood control, navigation improvement, irrigation, municipal and
industrial water supply, and hydroelectric generation facilities for the 10 states in the Missouri
River basin. As originally planned, the project was to include 213 single and multiple-use
projects, providing 1.1 million kilowatts of hydroelectric capacity and irrigation for 5.3 million
acres of farmland. Construction began when basin interests encouraged people to return to the
Missouri River basin. This effort followed an exodus that began during the Great Drought of the
1930’s and extended through World War 11, when people left for jobs in industrial centers on the
east and west coasts. The plan was only partially completed; however, it completely changed
water resource development in the basin. Congress passed legislation in 1970 to recognize the
two visionary individuals who spearheaded the basin water resource planning by changing the
project's name to the Pick-Sloan Missouri Basin Program.

2-03. Mainstem Dam Construction History. The Summary of Engineering Data -- Missouri
River Mainstem System, Plates II-1 and II-2, presents a summary of the significant dates of the
System dams’ construction, diversion, closure, filling of the minimum operating pool, and initial
generation of the first and last units. Plates II-3 through II-81 contain the pertinent details for
each of the Corps’ System projects, including maps of each reservoir area, details of
embankments, spillways, and outlet facilities; area-capacity tables; tail water curves; spillway-
outlet works discharge capabilities; and power curves. A brief description of the significant
construction dates of each of the six System projects is given in the following paragraphs.
Additional project-specific construction details are provided in the individual project manuals.
The dates that are given in these paragraphs and reflected in the Summary of Engineering Data
are when the service availability was essentially complete. Service to navigation and flood
control was initiated, to a limited extent, at the time closure of the dam was made. This service
increased progressively to the in-service dates indicated when the project was essentially
complete or full service to these authorized purposes was rendered by having a full System.

2-03.1. Construction of Fort Peck Dam — Fort Peck Lake. Fort Peck Dam is located on the
Missouri River at river mile (RM) 1772 in northeastern Montana, 17 miles southeast of Glasgow,
Montana and 9 miles south of Nashua. Construction of the Fort Peck project was initiated in
1933, embankment closure was made in 1937 as shown on Plate II-1. The project was regulated
for the authorized purposes of navigation and flood control in 1938. The Fort Peck Dam
embankment is nearly 4 miles long (excluding the spillway) and rises over 250 feet above the
original streambed. Fort Peck Dam remains the largest dam embankment in the United States
(126 million cubic yards of fill), the second largest volume embankment in the world, and the
largest “hydraulic fill” dam in the world. Fort Peck Lake is the third largest Corps reservoir in
the United States. When full, the reservoir is 134 miles long. The concrete spillway is over 1
mile long. In 1943, the first unit of the power installation went on the line, and the third unit
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became operational in 1951, completing construction of the first powerplant. Construction of a
second powerplant began in the late 1950°s and the two units of this plant became operational in
1961. The Permanent Pool Zone (inactive storage) of the reservoir was initially filled (elevation
2150) in April 1942 and the Carryover Multiple Use Zone (elevation 2234) first filled in 1947, 5
years later. Drought conditions during the late 1950’s, combined with withdrawals to provide
water for the initial fill of other System projects, resulted in a drawdown of the reservoir level to
elevation 2167.4 in early 1956, followed by a generally slow increase in pool elevation. The
Carryover Multiple Use Zone was finally refilled in July 1964. Generally, it has remained filled
from that time with the exception of the droughts of 1987 to 1993 and 1999 to date. Exclusive
flood control storage space was first used in 1969, and then again in 1970, 1975, 1976, 1979,
1996, and 1997. In 1975, a maximum reservoir level of 2251.6 ft msl, 1.6 feet above the top of
the Exclusive Flood Control Zone, occurred.

2-03.2. Construction of Garrison Dam — Lake Sakakawea. Garrison Dam is located in
central North Dakota on the Missouri River at RM 1390, about 75 river miles northwest of
Bismarck, North Dakota and 11 miles south of the town of Garrison, North Dakota.
Construction of the project was initiated in 1946, closure was made in April 1953, and the
navigation and flood control functions of the project were placed in operation in 1955. Garrison
Dam is currently the fifth largest earthen dam in the world. The first power unit of the project
went on the line in January 1956, followed by the second and third units in March and August of
the same year. Power units 4 and 5 were placed in operation in October 1960. Lake Sakakawea
first reached its minimum operating level in late 1955. Due to the drought conditions it was not
until 10 years later, in 1965, that the Carryover Multiple Use Zone was first filled. Generally, it
remained filled from that time through 2002, except for the two drought periods to date.
Exclusive flood control storage space was used in 1969, 1975, 1995 and 1997. During 1975, all
flood control space was filled and the maximum reservoir level was 0.8 foot above the top of the
Exclusive Flood Control Zone, elevation 1854.8 ft msl. Lake Sakakawea is the largest Corps
reservoir. When full, the reservoir is 178 miles long and up to 6 miles wide. The reservoir
contains almost a third of the total storage capacity of the System, nearly 24 MAF, which is
enough water to cover the State of North Dakota to a depth of 6 inches.

2-03.3. Construction of Oahe Dam — Lake Oahe. The Oahe Dam is located on the Missouri
River at RM 1072, 6 miles northwest of Pierre, South Dakota. Construction of Oahe Dam was
initiated in September 1948. Closure of the dam was completed in 1958, and deliberate
accumulation of storage was begun in late 1961, just before the first power unit came on line in
April 1962. The last of the seven power units became operational in July 1966. Permanent Pool
storage space in Lake Oahe was first filled in 1962 and the Carryover Multiple Use Zone was
filled in 1967. Generally, the Carryover Multiple Use Zone remained filled from that time
through 2002, except for seasonal drawdowns in the interest of increased winter power
generation and the two drought periods to date. The Exclusive Flood Control Zone in Lake Oahe
was used in 1975, 1984, 1986, 1995, 1996, 1997, and 1999. The maximum of record elevation
was experienced on June 25, 1995, at 1618.71 feet mean sea level (msl), when the Oahe pool
occupied 1.7 feet of the 3-foot Exclusive Flood Control Zone. Lake Oahe is the second largest
Corps reservoir, with just over 23 MAF of storage capability. When full, the reservoir is 231
miles long, with 2,250 miles of shoreline.
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2-03.4. Construction of Big Bend Dam - Lake Sharp. Big Bend Dam is located on the
Missouri River at RM 987, near Fort Thompson, South Dakota and about 20 miles upstream
from Chamberlain, South Dakota. Lake Sharpe extends 80 miles upstream to the vicinity of the
Oahe Dam. The project is basically a run-of-the-river power development with regulation of
flows limited almost entirely to daily and weekly power pondage operations. Construction began
in 1959, with closure in July 1963. The first power unit was placed on line in October 1964, and
the last of the eight units began operation during July 1966. Since full operation began, the
reservoir has been held very near the normal operating level of elevation 1420. A maximum
level at elevation 1422.1, 0.1 foot into the Exclusive Flood Control Zone, occurred in June 1991.

2-03.5. Construction of Fort Randall Dam — Lake Francis Case. Fort Randall Dam is
located on the Missouri River at RM 880, about 6 miles south of Lake Andes, South Dakota.
Lake Frances Case extends to Big Bend Dam. Construction of the project was initiated in
August 1946, closure was made in July 1952, initial power generation began in March 1954, and
the project reached an essentially complete status in January 1956, when the eighth and final unit
of the 320,000-kilowatt installation came into service. The reservoir filling was initiated in
January 1953 and reached the minimum operating pool elevation of 1320 feet msl on November
24, 1953. The maximum reservoir level experienced to date was in July 1997, when an elevation
of 1372.2 occurred, 2.6 feet below the top of the Exclusive Flood Control Zone. The maximum
mean daily release of 67,500 cubic feet per second (cfs) was experienced in November 1997.

2-03.6. Construction of Gavins Point Dam — Lewis and Clark Lake. Gavins Point Dam is
located on the Missouri River at RM 811 on the Nebraska-South Dakota border, 4 miles west of
Yankton, South Dakota. Lewis and Clark Lake extends 37 miles to the vicinity of Niobrara,
Nebraska. Construction was initiated in 1952, and closure was made in July 1955, with initial
power generation beginning in September 1956. The third and final unit of the 100,000-kilowatt
installation came into service in January 1957.
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111 - BASIN DESCRIPTION AND CHARACTERISTICS

3-01. General Characteristics. The Missouri River extends 2,619 miles from its source at Hell
Roaring Creek and 2,321 miles from Three Forks, Montana where the Jefferson, Madison and
Gallatin Rivers converge in southwestern Montana, near the town of Three Forks. The Missouri
River is the longest river in the United States. The Missouri River flows generally east and south
about 2,321 miles to join the Mississippi River just upstream from St. Louis, Missouri. The
Missouri River basin has a total drainage area of 529,350 square miles, including about 9,700
square miles in Canada. That part within the United States extends over one-sixth of the Nation's
area, exclusive of Alaska and Hawaii. It includes all of Nebraska; most of Montana, Wyoming,
North Dakota, and South Dakota; about half of Kansas and Missouri; and smaller parts of lowa,
Colorado, and Minnesota. Plate I1I-1 shows a map depicting the shape of the Missouri River
basin and identifying the location of the six Missouri River Mainstem Reservoir System
(System) dams: Fort Peck, Garrison, Oahe, Big Bend, Fort Randall, and Gavins Point, including
the major streams and tributaries.

3-01.1. The slope of the Missouri River averages 1.5 feet per mile, ranging from 4.3 feet per
mile for the reach from Three Forks, Montana (head of the Missouri River) to above the falls at
Great Falls, Montana, 3.7 feet per mile from below the falls to Zortman, Montana (near the head
of the Fort Peck Reservoir), 1.1 feet per mile from Zortman to the Yellowstone River, and an
average of 0.9 of a foot per mile from the Yellowstone River to the mouth at St. Louis, Missouri.

3-01.2 Grays Peak in Colorado is the highest point on the Continental Divide in the Continental
United States and is located near the headwaters of the Platte River. At an elevation of 14,270
feet msl, Grays Peak is the highest point in the Missouri River basin. The lowest point in the
basin is near the confluence of the Missouri River with the Mississippi River at St Louis,
Missouri, with an elevation of 405 feet msl. The headwaters of the Missouri River are near
Great Falls, which is at an elevation of 3,677 feet msl.

3-02. Topography. The Rocky Mountains form the basin's western boundary. They have an
exceptionally rugged topography, with many peaks surpassing 14,000 feet in elevation. The
mountains extend over an area of 56,000 square miles. The area contains many narrow valleys,
but the peaks and mountain spurs dominate the area. Plate III-2 is a Missouri River basin map
that shows the topographic features discussed below.

3-02.1. Plains. Sloping eastward from the Rocky Mountains, the Great Plains form the
heartland of the basin. This broad belt of highlands covers approximately 370,000 square miles.
The eastern boundary lies along the 1,500 foot contour. The western boundary at the foot of the
Rocky Mountains averages about 5,500 feet in elevation. West-to-east slopes average about 10
feet per mile. South and west of the Missouri River, the surface mantle and topography have
been developed largely by erosion of a fluvial plain extending eastward from the mountains.
North and east of the Missouri River, and even extending south of the river in some places, the
Great Plains has been affected by continental glaciation. The topography here was shaped
primarily by erosion of the glacial drift and till. Within the Great Plains, isolated mountainous
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areas were developed by erosion of dome-like uplifts. Principal among these are the Black Hills
of western South Dakota and northeastern Wyoming, extending over an elliptical area 60 miles
wide and 125 miles long.

3-02.2. Central Lowlands. The Central Lowlands border the Great Plains to the east, and often
there is no perceptible line of demarcation between them. The Central Lowlands extend roughly
from a line between Jamestown, North Dakota, and Salina, Kansas, eastward to the drainage
divide between the Missouri and Mississippi Rivers. This entire area of 90,000 square miles was
developed by erosion of a mantle of glacial drift and till. Coarser drift material covers the
northern portion, while the finer till and loess is dominant in the southern portion.

3-02.3. Ozark Plateau. In the southeastern part of the basin in southern Missouri, an area of
about 11,000 square miles of the basin lies in the Ozark Plateau. The topography here,
developed by erosion of the Ozark uplift, is hilly to mountainous. Sedimentary formations with
great depth underlie the moderate uplift, and only sedimentary rocks are left exposed. The basic
surface material is limestone, and cavernous channels with spring flows abound in the area.

3-03. Geology and Soils. The Missouri River basin has a very diverse range of geology and
soils. The geological history of the basin begins with the Precambrian Era, the oldest, and
extends to the Cenozoic Era, the most recent. Many unique and rare geology formations are
located in the Missouri River basin. The tectonic processes that formed the Rocky Mountains,
the western border of the basin, are still active and continue to be present, e.g., volcanic activity,
in Yellowstone Park. Plate III-2 shows the surficial geology and soils of the basin and identifies
24 different types of geological materials within the Missouri River basin. This map identifies
the Missouri River’s surficial geological properties. The floodplain and alluvial gravel terraces
are colored mauve. At the lower end of the Missouri River, a gray area defines the Pre-
Wisconsian drift for approximately 30 miles of the channel. The majority of the upper basin -
western North and South Dakotas, central Montana, and northeastern Wyoming - is covered with
shaley or sandy ground on the mixed sandstone and shale formations in the gold color. There are
also small areas in Colorado and Kansas with the same type of deposits. Ice-laid deposits,
outlined in blue, are thin and discontinuous and cover portions of the basin in the north and the
east, beginning in Montana, across northern North Dakota and the eastern boundary of the basin.
The surficial geological deposits in the south central portion of the basin have three dominate
deposits: 1) the Pliocene-age and older stream deposits (dark purple); 2) the sand sheets
(purple); and 3) the deeply weathered loess (aqua). The first two deposits extend from
southwestern Wyoming, northeastern Colorado, and southern South Dakota across Nebraska and
to north central Kansas. Two surficial geological deposits dominate the Missouri River basin’s
eastern boundary: 1) the Wisconsian loess (burgundy); and, 2) the Pre-Wisconsian drift (gray).
The geology of the basin’s mountainous western boundary consists of diverse terrains of bedrock
and rocky soils.

3-04. Sediment. In its natural state, the Missouri River transported a sediment load averaging
25 million tons per year in the vicinity of Fort Peck, Montana; 150 million tons per year at
Yankton, South Dakota; 175 million tons per year at Omaha, Nebraska; and approximately 250
million tons per year at Hermann, Missouri, near its confluence with the Mississippi River. With
the construction of each of the System and tributary dams, the reservoirs have acted as
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catchments for the tremendous load of sediment carried by the Missouri River and its tributaries.
Approximately 18 to 26 thousand acre-feet (KAF) of sediment enter each of the four largest
System reservoirs each year. Approximately 90 KAF of sediment enters the System annually.
The loss of reservoir storage capacity is currently approaching 5 percent of the original total
System storage. Sediment is being deposited slightly below the prevailing reservoir pool levels.
Most of the loss to the capacity to the Permanent Pool Zone occurred during the initial reservoir-
filling period, prior to 1965. Since then, the storage loss has been occurring primarily in each
reservoir’s Annual Carry-over Multiple-Use Zone. All six System reservoirs have large deltas
that have formed in their headwaters. These large sediment deposits continue to grow, although
they are confined to the upper reaches of each reservoir and its major tributary arms.

3-04.1. In addition to sediment transported to the reservoirs by the Missouri River and its
tributaries, some sediment enters the System reservoirs due to shoreline erosion processes.
Reservoir shorelines are highly erodible because the river valley slopes are terraced and the soils
consist of erodible sands, silts, clays, gravels, and shales. The thousands of miles of reservoir
shorelines in the System reservoirs remain largely unprotected because the costs of protection are
very high. Shorelines consisting of highly erodible soils and subjected to wave and ice action
have experienced accelerated shoreline erosion in the form of slumping cut-banks. Erosion of
the shorelines of the System reservoirs is expected to continue to some extent throughout the life
of the projects. The slumping cut-bank material forms shelves of shallow water along the
shorelines. The majority of eroded material usually remains immediately offshore, forming a
very flat beach slope. As a result, the perimeters of the reservoirs are slowly becoming shallower
and wider. In some cases, sediment moves along the shoreline in the direction of the prevailing
wind or current and collects in deeper channels of tributary arms. Some tributary arms are filling
and being cut off by these reservoir sediments and collapsing cut-banks.

3-05. Basin Climate. The broad range in latitude, longitude, and elevation of the Missouri
River basin and its location near the geographical center of the North American continent,
provide wide variations in climatic conditions. The climate of the basin is produced largely by
interactions of three great air masses that have their origins over the Gulf of Mexico, the northern
Pacific Ocean, and the northern Polar Regions. These great air masses regularly invade and pass
over the basin throughout the year. The Gulf air tends to dominate the weather in summer and
the Pacific and Polar air dominate in winter. This seasonal domination by the air masses and the
frontal activity caused by their collisions produce the general weather regimes found within the
basin. As is typical of a continental-interior plains area, the variations from normal climatic
conditions, from season to season and from year to year, are very great. The outstanding
climatic aberration in the basin during the 20™ Century was the severe plains area drought of the
1930’s when excessive summer temperatures and subnormal precipitation continued for more
than a decade.

3-05.1. Precipitation. Normal average annual precipitation ranges from as low as 8 to 10
inches just east of the Rocky Mountains to more than 40 inches in the southeastern part of the
basin and in parts of the Rocky Mountains. The pattern of average annual precipitation for the
Missouri River basin is shown on Plate I1I-3. Prolonged droughts of several years’ duration and
frequent shorter periods of deficient moisture, interspersed with periods of abundant to excessive
precipitation, are characteristic of the Great Plains.
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3-05.1.1. Cyclonic Activity. Deep cyclones and accompanying frontal systems moving from
the southern Great Plains states toward the northeast can cause widespread precipitation over the
basin during all seasons of the year. This is due to the resulting influx of moist maritime tropical
air from the Gulf of Mexico. Cyclonic activity over the basin is at a maximum during the late
winter and early spring months. The cyclonic activity decreases to a minimum during the late
summer and early fall months when the majority of precipitation results from air mass
thunderstorms and orographic activity. The moisture-carrying ability of an air mass is dependent
upon the temperature of the air mass and is normally at a maximum at mid-summer and at a
minimum in mid-winter. The combination of moderate cyclonic activity and increased air mass
moisture content that occurs during the spring and early summer months results in the normal
seasonal precipitation maximum being observed throughout the basin during that time. Plates
II1-4 through I11-7 illustrate the distribution of precipitation in the Missouri River basin for the
months of April, May, June, and July, respectively. April is a transition month with mountainous
areas and occasionally, the northern plains still in the grip of winter at the start of the month and
the lower basin well into spring by late April. For most of the basin, June is the wettest month,
with a sizable area of Kansas and Missouri receiving more than 5 inches of precipitation during
an average year. July marks the start of dry weather for the inner mountain deserts of Wyoming
and southern Montana.

3-05.1.2. Summer Precipitation. Precipitation during the late summer and fall months is
usually of the short-duration thunderstorm type with small centers of high intensity. Widespread
general rains occasionally occur, especially in the lower basin through October. A weak
monsoonal moisture flow begins along the Front Range of the Rockies in Colorado in late July,
which adds to precipitation amounts during July and August in the mountains around Denver,
Colorado. Precipitation amounts during the months of August through October are generally less
than those observed during the late spring and early summer in the basin, as noted on Plates III-8
through III-10.

3-05.1.3. Winter Precipitation. Winter precipitation usually results from the passage of well-
developed low-pressure systems (cyclones) and active fronts. This precipitation occurs in the
form of snow in the northern and central portions of the basin; however, it may occur in the
lower basin states as either rain or snow or a mixture of both. Winter precipitation depths are, in
general, considerably less than during other seasons of the year. This is due to the decreased
moisture-carrying ability of the colder air masses and the barrier imposed by the Rocky
Mountains to the westerly circulation that generally prevails through this season. The dry
conditions are noted on Plates III-11 through III-15 for the months of November through March.
Normally, the basin has fairly frequent light winter snows, interspersed with a few heavy storms.
The average annual snowfall over the Great Plains increases from south to north. It ranges from
under 12 inches in parts of the lower basin, to more than 36 inches in the eastern Dakotas, and to
over 48 inches in the high plains areas in the west as shown on Plate III-16. High elevation
stations in the Black Hills and in the Rockies along the western edge of the basin. receive in
excess of 100 inches of snowfall in many years. By late May, snow depths up to 6 feet, with a
water equivalent of 2 feet, are not uncommon at mountain locations. Snow does not usually
progressively accumulate over the plains, but is melted by intervening thaws. Exceptions have
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occurred in the northern plains, however, when snow that accumulated on the ground by the end
of winter had water equivalent of 6 inches or more in some years. A map of maximum seasonal
snowfalls encountered during the period 1961 to 1990 is shown on Plate I1I-17.

3-05.2. Temperature. Because of its mid-continent location, the basin experiences large
temperature fluctuations and extremes. Winters are relatively cloudy and cold over much of the
basin, while summers are fair and hot. Spring is normally cool, humid, and windy, while autumn
is normally cool, dry, and fair. Temperature extremes range from winter lows of —60° Fahrenheit
(F) in Montana to summer highs of 120° F in Nebraska, Kansas, and Missouri. The basin
regularly experiences maximum temperatures above 105° F in parts of Kansas, Nebraska, and
South Dakota in the summer and minimums below —30° F in the Rocky Mountains and on the
plains of Montana and North Dakota. The temperature variability of the Missouri River basin is
shown on Plates III-18 through III-21.

3-05.3. Evaporation. Average annual reservoir evaporation in the Missouri River basin varies
from less than 2 feet in the western Rocky Mountains to over 6 feet in the plains area of western
Kansas. Evaporation from the System reservoirs averages about 3 feet annually. For smaller
reservoirs whose surface temperatures approximate air temperatures, most evaporation occurs
during the April through October period; however, due to the large size of the System reservoirs,
there is a considerable time lag between air temperatures and surface water temperatures. Also,
because precipitation over the System reservoirs is normally at a maximum during the April-June
period, net evaporation (evaporation less precipitation) is concentrated almost entirely in the
July-December period. Normal annual net evaporation averages about 20 inches for the System
as a whole, ranging from about 25 inches at Fort Peck to 17 inches at Gavins Point. A basin map
showing average annual net reservoir evaporation is shown on Plate I11-22.

3-05.4. Wind. Due to its mid-continent location, most extreme winds are caused by frontal
passages and severe thunderstorm activity. While tornados produce the greatest wind speeds,
they are short lived, are localized, and have little effect on reservoir elevation. Hurricanes do not
reach the Missouri River basin, although cyclonic remnants of tropical storms occasionally reach
the southern portions of Kansas and Missouri. On most reservoirs, winds capable of damaging
riprap and eroding shorelines are those in excess of 45 miles per hour (mph) that are sustained
for periods of an hour or more. In addition to generating significant waves with heights of 6 feet
or more, sustained winds of that magnitude cause noticeable reservoir set-up or set-down,
particularly when the winds blow along the long fetch of a shallow reservoir. Wind conditions at
the System projects are monitored using anemometers on automated weather stations operated by
the Corps, and real-time regional weather data can be accessed from the National Weather
Service on the Internet.

3-06. Basin Storm Potentialities and Major Basin Floods. Approximately 130 Missouri
River basin storms have been studied using the Corps’ Storm Study Program. Of these 130
storms, 28 percent have occurred in the basin above Yankton and 72 percent below. None of the
individual storms have been sufficiently extensive to encompass the entire basin. June has had
the greatest number of occurrences, 38 percent of the total. In some areas of the country, surface
dew-point temperatures are used as an index for the amount of moisture in a warm air mass from
which precipitation falls. Records indicate that moisture charges during the major storms of
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record are all generally near the maximum of record. The source of moisture for all major
storms in the basin is the Gulf of Mexico. Based on moisture potentialities alone, major storms
would be most probable in late July or early August because normal and maximum recorded air
mass moisture is the greatest during these months. Major storms throughout the Missouri River
basin, however, result almost exclusively from conditions accompanying frontal systems. Since
frontal passages are more numerous and more severe in May and June than in the dead of
summer, major storms occur more frequently in late spring and early summer than at the time of
maximum moisture charges in late July or early August.

3-06.1. Major storms do not provide a complete index to the probability of flood flows within
the basin. Minor storms also may satisfy the infiltration capacities that exist in the basin,
resulting in any additional rainfall contributing much larger volumes to streamflow than would
have been the case if the ground had been relatively dry prior to the larger storm. Because of
this, a continuing sequence of smaller storms, which may occur at any time of the year over
portions of the basin, can also result in severe flooding. During the winter months, successive
minor storms in the upper basin often result in a sufficient snow accumulation to cause the
greatest flows of the year when the snow accumulation melts and appears as streamflow.

3-06.2. Missouri River Floods. Many instances of above-bankfull flows were experienced
through the reach from Fort Peck Dam to the Platte River below Omaha prior to System
regulation. Since regulation of System commenced, there would have been many more flood
occurrences were it not for the upstream regulation. Regulation provided by the System,
augmented by upstream tributary reservoir storage, has virtually eliminated significant flood
flows on the Missouri River in this reach. Still, the System has not created a flood-free zone
along the Missouri River for all conditions. Below the mouth of the Platte River, the incremental
drainage area is of sufficient size that above-bankfull stages can continue to be expected as a
result of flood runoff from major storms over the tributary areas, although significant stage
reductions due to System regulation will usually occur.

3-06.2.1. All floods experienced in the upper basin except one have occurred in the March-July
season, with snowmelt as an important flood component. The one exception occurred in 1923
when a large September rainstorm in southern Montana and northern Wyoming resulted in an
early October Missouri River flood. Estimated crest discharges during this flood exceeded
100,000 cfs at Pierre, South Dakota and all upstream locations to the mouth of the Yellowstone
River. In the lower Missouri River basin, floods have tended to follow the same seasonal pattern
observed in the upper basin; however, damaging floods have occasionally occurred prior to or
following the normal March-July flood season, due mainly to rainfall over the downstream
drainage areas. Crest stage and discharge data for past major Missouri River floods are
summarized in Appendix A - Floods. Significant flood occurrences, with specific causative
factors, are also discussed in Appendix A — Floods.

3-07. Runoff Characteristics. Runoff into and downstream from the System varies in terms of
the geographic distribution and seasonal fluctuation of the inflows. The distribution of
streamflow in combination with extreme seasonal variation results in significant change. This
variability requires a System water control plan that is very flexible to allow the Corps to meet
the water resources mission and regulate the System to meet the operational objectives stated in
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this manual. Because the Missouri River basin is so large, individual basin descriptions and
modeling parameters are available only in the six project water control manuals, Volumes 2
through 7, as described in Chapter II of this manual. Some general information is provided in
the following paragraphs.

3-07.1. Drainage Pattern. The drainage pattern of the Missouri River basin and the locations
of all of the Corps’ civil work projects in the basin are shown on Plate I1I-23. Outstanding
among the Missouri River’s tributaries are: the Yellowstone River, which drains an area of over
70,000 square miles and enters the Missouri River near the Montana-North Dakota boundary; the
Platte River, which has an 85,000 square mile drainage area that enters the Missouri in eastern
Nebraska; and the Kansas River, which empties into the main stem of the Missouri River in
eastern Kansas and drains an area of approximately 60,000 square miles. The most prominent
feature of the drainage pattern of the upper and middle portions of the Missouri River basin is
that every major tributary, with the exception of the Milk River, is a right bank tributary flowing
to the east or to the northeast. Only in the lower basin, below Gavins Point Dam, is a fair
balance reached between left and right bank tributaries. The direction of flow of the major
tributaries is of particular importance from the standpoint of potential concentration of flows
from storms that typically move in an easterly direction. The direction of flow is also important
for another reason on the Yellowstone River because early spring temperatures in the western
Yellowstone River basin in Montana range normally from 8 to 12 degrees F higher than along
the northernmost reach of the Missouri River near Williston, North Dakota. This often results in
ice breakup on the Yellowstone River prior to the time the ice goes out on the main stem of the
Missouri River, thereby contributing to ice-jam flooding on the downstream reaches of the
Yellowstone River and the Missouri River upstream from Lake Sakakawea.

3-07.2. Streamflow Records. The collection of systematic and continuous discharge records by
the U.S. Geological Survey (USGS) in cooperation with the States, the Corps, and other agencies
over most of the Missouri River basin has developed over the past 3 decades. Discharge records
for stations on the Missouri River at Craig, Cascade, and Fort Benton, Montana are available
since 1890, 1902, and 1910, respectively, and for the Yellowstone River at Glendive, Montana
since 1903. Some records were obtained on the Missouri River at Williston, North Dakota
during 1905 through 1907, at Bismarck, North Dakota during 1904-05, and at Kansas City,
Missouri during 1905 and 1906. Aside from these, streamflow measurements at the present
stations on the main stem of the Missouri River were not initiated until 1928. However, daily
stage records for many of the Missouri River stations began in the 1870’s. Systematic and
continuous streamflow measurements at scattered tributary locations began much earlier than on
the main stem, with some tributary records beginning in the early 1900’s. Only a few locations
have records prior to 1900.

3-07.2.1. During planning studies of the System in the 1940’s, extension of the Missouri River
discharge data prior to 1928 was considered to be essential. Accordingly, comprehensive
studies were made and monthly streamflow data developed for selected stations through the
period extending from 1898 to the initiation of the expanded streamflow measurement program
that began in 1928. Because water use for all purposes has expanded significantly since
settlement of the basin first began, adjustment of the records to represent a common level of
water resource development was also considered necessary so that the flow data would be

I1I-7



directly comparable from year to year. While any development level would have been
satisfactory, the 1949 level was selected because it was just before the accelerated resource
development that occurred in the Missouri River basin during the 1950’s. Records accumulated
since then have also been adjusted to the 1949 level for comparability purposes.

3-07.3. Tributary Streamflow Characteristics. Tributary streamflow characteristics vary
widely across the basin depending on the location and source/type of associated runoff.

3-07.3.1. Rocky Mountain Area. Streams emanating from the Rocky Mountains are fed by
snowmelt, are clear flowing and have steep gradients and cobble-lined channels. Stream valleys
often are narrow in the mountains and widen out as they emerge from the mountains onto the
out-wash plains. As shown on Plate I1I-24, mean annual runoff in terms of depth from the
mountainous areas is high, exceeding 20 inches in some areas along the Continental Divide.
Flood flows in this area are generally associated with the snowmelt period occurring in May and
June. Occasionally, summer rainfall floods with high, sharp peaks occur in the foothills areas.

3-07.3.2. Plains Area. Streams flowing across the plains areas of Montana, Wyoming, and
Colorado have variable characteristics. The larger streams with tributaries originating in the
mountain areas carry sustained spring and summer flows from mountain snowmelt, and they
have moderately broad alluvial valleys. Streams originating locally often are wide, sandy-
bottomed, and intermittent, and they are subject to high-peak rainfall floods. Mean annual runoff
from this upper plains area is low and variable, ranging from one-quarter to one-half of an inch.
Streams in the plains region of the Dakotas, Nebraska, and Kansas, with the exception of the
Nebraska sandhills area, generally have flat gradients and broad valleys. Except for the Platte
River, most of the streams originate in the area and are fed by plains snowmelt in the early spring
and occasional rainfall runoff throughout the warm season. Streamflow is erratic. Stream
channels are small for the size of the drainage areas involved, and the flood potentials are high.
When major rainstorms occur in the tributary area, streams are forced out of their banks onto the
broad floodplains. Mean annual runoff is low, ranging from as little as one quarter of an inch to
2 inches. In many of these streams, there may be no flow during drought periods. The streams
generally are turbid, and they carry large suspended sediment loads during periods of high flow.

3-07.3.3. Sandhills Area. Streams originating in the Nebraska Sandhills, such as the Loup and
Niobrara Rivers, are steady flowing, with much of the flow attributable to groundwater
accretions. Floods are rare and they have relatively low peaks. Only a very small part of the
Sandhills area contributes direct-flow runoff. The streams carry heavy loads of sand sediments,
although they are relatively low in silt and colloidal sediments. Runoff, as measured streamflow,
is higher than generally found in the adjoining plains areas, ranging up to 4 inches.

3-07.3.4. Eastbank Streams. Streams in the region east of the Missouri River have variable
characteristics. Those in the Dakotas, such as the Big Sioux and James Rivers, are meandering
streams with extremely flat gradients and very small channel capacities in relation to the areas
drained. Drainage areas generally are covered with glacial drift, are extremely flat, and contain
many pothole lakes and marshes. Rainfall in the spring often combines with the annual plains
snowmelt to produce floods that exceed channel capacities and spread onto the broad
floodplains. In late summer and fall, flows often drop to zero for extended periods. Streams in
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the eastern border region of Nebraska, lowa, Missouri, and Kansas drain hard-soiled, hilly lands
with relatively steep gradients and narrow valleys. Channels are deep and U-shaped. Flooding
caused by high rainfall storms is frequent. Average annual runoff is high, ranging from 2 to 8
inches. Streamflow is generally turbid because of high concentrations of suspended sediments.
Streamflow is somewhat more stable than in the plains area to the west, but the flow in many
streams often approaches zero in late summer and fall.

3-07.3.5. Ozark Highland Area. Streams in the Ozark Highlands of Missouri resemble
mountain streams with their clear, dependable base flows. Much of the area is underlain by
limestone, and there are cavernous underground springs. The hilly terrain produces high-peak
runoff, which contributes to frequent high-peak floods of large volume. Average annual runoff
is high, ranging from 10 to 14 inches. High flows generally are experienced every year during
the months of March, April, May, and June. Flows then normally recede, often to less than 15
percent of their average, during August, September, and October. Drainage areas are generally
well timbered, and sediment yields are normally small.

3-07.4. Missouri River Flow Characteristics. Unregulated Missouri River flows usually
follow a definite and characteristic annual pattern, as illustrated by the monthly distribution of
streamflows presented on Plates I1I-25 through I1I-27. Average flows, in general, increase from
January to June and then gradually decrease through December. Historic maximum and
minimum monthly mean flows at Sioux City are 187,000 cfs in April 1952 and 3,700 cfs in
January 1940, respectively. At Kansas City, corresponding flows are 301,000 cfs in June 1908
and 5,000 cfs in January 1940. The “with reservoirs” graph on Plate I1I-25 and the data provided
in Tables III-1 through III-5 illustrate the major changes in the monthly streamflow distribution
that have occurred as a result of reservoir regulation. The Annual Flow Table, Table III-1,
illustrates the extreme daily values since the System became operational, while the seasonal
tables, Tables III-2 through III-5, show the distribution of flow according to the maximum and
minimum monthly average flows. Although the general pattern of summer flows being higher
than winter flows still prevails, System regulation serves to reduce summer flows in most years
and to use the water stored to increase flows during the low-water periods of fall and winter.

3-07.4.1. Winter Period. In the upper portions of the basin, winter is characterized by frozen
streams, the progressive accumulation of snow in the mountain areas, and intermittent snows and
thaws in the plains areas. The season usually ends with a “spotty” snow cover of relatively low
water content and a considerable amount of water in ice storage in the stream channels. Runoff
in this period, which usually extends from late November into March, is quite low. In the lower
basin, milder temperatures prevail during the winter months and considerable precipitation may
occur in the form of rain or snow, which melts rapidly and contributes immediately to
streamflow. This may occasionally result in substantial flows in this region, although winter
runoff is usually quite low due to the relatively light amounts of precipitation that usually occur
in this season. Intermittent freeze-up and break-up of river ice on both the main stem and the
tributaries are common in the lower basin.

3-07.4.2. Early Spring Period. Early spring is marked by the rapid melting of snow and ice

accumulations in the northern plains area, usually in March or April, accompanied ordinarily by
very little rainfall. This causes the characteristic early spring ice breakup and an increase in
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streamflow, which is known as the early spring rise, or “March rise.” Flood crests in the
upstream reaches are flashy, particularly when associated with relatively sudden releases of ice
jams. Ice jams are particularly severe in the Dakotas and on the lower Yellowstone River in
Montana. The highest peak discharges and stages of record on the Missouri River from above
the mouth of the Kansas River through the Dakotas have resulted from the spring break-up
creating ice jam floods. Snowmelt in the mountains usually begins during this period, but
contributes little to runoff until later in the year. Flows originating in the middle Missouri River
basin generally from plains snowmelt are sometimes then augmented by rainfall in the lower
basin during this period to produce flood flows in the lower Missouri River reaches.

3-07.4.3. Late Spring and Early Summer. Late spring and early summer are characterized by
extensive general rains accompanied occasionally by severe local rainstorms and rapid melting
of snow in the mountains. Peak runoff from these sources usually occurs in late May, June, or
the first part of July. This results in the characteristic late spring rise, or “June rise,” with peak
discharges above Sioux City (except in the headwaters) usually less and volumes of runoff
usually greater than during the early spring rise. A short interlude of moderately low discharges
usually is experienced between the early spring and late spring rises. Occasionally, runoff from
severe rainstorms in the upper plains area synchronizes with the high runoff from snowmelt and
general rainfall in the mountains during this period. Runoff from rainstorms in the lower
Missouri River basin during the months of May, June, and July have resulted in very severe
Missouri River flooding below Sioux City during these months.

3-07.4.4. Late Summer and Fall. Late summer and fall are generally characterized by
diminishing general rainfall; fairly frequent, widely scattered, and intense local rainstorms; and
occasional severe storms. Flow in the upper Missouri River ordinarily decreases rapidly in late
July from the previous high rates from mountain snowmelt. Flows decrease gradually, with an
occasional rise, to the lower flows that prevail during winter. There are no records of great
storms in this period having produced floods on the upper Missouri River anywhere near the
magnitude of the fairly frequent early spring or late spring floods. Very severe floods have,
however, occurred on tributaries during this period. Runoff originating in the lower basin
usually decreases, although several large floods have occurred on the lower Missouri River due
to severe floods emanating from the tributaries.

3-07.4.5. Mississippi River high flows could be adversely affected by reservoir regulation in the
upper Missouri River basin. High stages on the Mississippi River, particularly below the
confluence with the Ohio River, may be expected any time from January through July. The
greatest floods of actual record have occurred in February and April-August on the Mississippi
River. On the lower Missouri River, high flows have occurred in winter, but the main flood
season extends from April through July. The greatest flood of record on the Missouri River
occurred in July and exacerbated flooding on the Mississippi River. Discharges from the upper
Missouri River basin during the early spring and late spring flood periods could, therefore,
contribute substantially to lower Missouri and Mississippi River floods. From August to
December, both the lower Missouri and Mississippi Rivers are usually characterized by low
flows, much the same as the upper Missouri River; however, large storms or a sequence of lesser
storms over the lower Missouri and Mississippi Rivers during this period have occasionally
resulted in severe flooding.
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Table 111 -1
Annual Runoff Characteristics at Key Control Points

Maximum|Minimum| Average
Daily Daily Daily
Discharge |Discharge|Discharge| Period of
Key Control Point (cfs) (cfs) (cfs) Record

Fort. Peck Calculated Inflow 160,000 1,000 10,600{1968 - 2001
Fort Peck Outflow - Fort Peck, Montana 35,400 0 9,800[{1968 - 2001
Missouri River at Wolf Point, Montana 45,100 680 10,100[1943 - 2001
Missouri River at Culbertson, Montana 69,200 575 10,300{1941 - 2001
Garrison Calculated Inflow 180,000 1,000 23,700[1968 - 2001
Garrison Outflow - Riverdale, North Dakota 65,200 4,100 22,500[1968 - 2001
Missouri River at Bismarck, North Dakota 68,800 4,000 23,000[1954 - 2001
Oahe Calculated Inflow 204,000 500  26,400[1968 - 2001
Oahe Outflow - Pierre, South Dakota 59,300 0| 25,100/1968 - 2001
Big Bend Calculated Inflow 79,000 0| 25,500/1968 - 2001
Big Bend Outflow - Ft. Thompson, South Dakota 74,300 0  25,100[1968 - 2001
Fort Randall Calculated Inflow 100,000 0 26,500[1968 - 2001
Fort Randall Outflow - Pickstown, South Dakota 67,500 0| 26,100/1968 - 2001
Missouri River at Verdel, Nebraska stage only station
Gavins Point Calculated Inflow 74,000 4,000 29,000({1968 - 2001
Gavins Point Outflow — Yankton, South Dakota 70,100 6,000[ 28,900[1968 - 2001
Missouri River at Sioux City, lowa 105,000 3,000 29,750[1953 - 2001
Missouri River at Omaha, Nebraska 116,000 2,440, 33,280(1953 - 2001
Missouri River at Nebraska City, Nebraska 188,000 4,320  39,590(1953 - 2001
Missouri River at Rulo, Nebraska 289,000 4,420 42.470[1953 - 2001
Missouri River at Kansas City, Missouri 529,000 4,730 57,000[1958 - 2001
Missouri River at Waverly, Missouri 611,000 5,000 58,720[1958 - 2001
Missouri River at Jefferson City, Missouri stage only station
Missouri River at Boonville, Missouri 721,000 5,000  69,200[1958 - 2001
Missouri River at Hermann, Missouri 739,000 6,210 87,950/1958 - 2001
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Table 111 -2
Plains Snowmelt (March, April, and May) Flows

Maximum|Minimum| 3-Month
Monthly | Monthly | Average
Average | Average | Daily
Discharge|Discharge|Discharge| Period of
Key Control Point (cfs) (cfs) (cfs) Record

Fort Peck Calculated Inflow 37,400 4,900 13,300({1968 - 2001
Fort Peck Outflow - Fort Peck, Montana 18,700 3,200 8,630[1968 - 2001
Missouri River at Wolf Point, Montana 27,200 1,180 9,310(1943 - 2001
Missouri River at Culbertson, Montana 32,800 1,350 10,200(1941 - 2001
Garrison Calculated Inflow 69,600 11,000 27,400{1968 - 2001
Garrison Outflow - Riverdale, North Dakota 38,500 10,300,  20,900[1968 - 2001
Missouri River at Bismarck, North Dakota 42,000 9,200 22,400[1954 - 2001
Oahe Calculated Inflow 68,700 12,800  30,300/1968 - 2001
Oahe Outflow - Pierre, South Dakota 53,000 1,200  21,400/1968 - 2001
Big Bend Calculated Inflow 54,900 1,600 22,200{1968 - 2001
Big Bend Outflow - Ft. Thompson, South Dakota 53,800 2,100  22,000[1968 - 2001
Fort Randall Calculated Inflow 60,200 5,200  24,700[1968 - 2001
Fort Randall Outflow - Pickstown, South Dakota 53,700 3,500, 22,000[{1968 - 2001

Missouri River at Ver