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SYLLABUS

The purpose of this study was to investigate alternative measures
and select a plan for insuring effective operation of the existing
flood control project and providing flood protection to new un-
protected development. Recurrent flooding of the Redwood River to-
gether with damaging overflows into the adjoining Cottonwood River
basin has resulted in flood damages and the need for local emer-
gency flood fights.

The selected plan of improvement consists of channel widening,
straightening, and bank reshaping measures; levees; an overflow di-
version structure with appurtenant control and outlet works, in-
terior drainage works; aesthetic measures; recreational facilities;
and required relocations. The plan also includes revegation of

all disturbed areas. The plan would provide a 133-year degree of

flood protection for the City of Marshall and adjacent urbanized
areas.

Adverse environmental effects resulting from plan implementation
would be minimized where possible. Opportunities for environmental
enhancement in some areas would be realized. The economic stability
and effects of the flood damage reduction benefits resulting from

the plan will have favorable impacts on the regional and national
economies.

o s op et

The District Engineer recommends Federal participation in the con-
struction of the additional flood protection and recreational meas-
ures at Marshall in accordance with the President's cost sharing
policy.

{

 —————— e -



The estimated cost to the Federal Government would be $1,745,100. The

estimated combined non-Federal first cost is $758,900.

cost ratio for the proposed overall project is 1.8.

The benefit-
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PREFACE

In reviewing this document, 1t should be specif cally noted that
completion of this study and report has undergone several years' delay
in order to reflect numerous changes in Federal pclicy, regulations,
and procedures. It should be further noted that during this time the
city of Marshall has experienced vibrant growth and development, and
this high growth rate is anticipated to continue for some time into
the future based on currently announced industrial plant and employment
expansion plans and new housing expansion trends (averaging about 160
housing units per year over the past 5 years). Information on this
vibrant rate of growth in urban development is contained in Appendix I,

Section J (See Development Under Existing Conditions).

Cy Since the background information contained in this report on the
? resources and economy of the study area was leveloped early in the 1970's
j prior to this vibrant growth rate at Marshall, the future population and
projected urban growth rates presented in the main report and various
appendixes are now conservative and outdated estimates. Modifying this
report to properly reflect existing and future growth rates would not
; alter the selected flood damage reduction plan or its scale of develop~
ment. Phase I preconstruction planning will reflect any changed condi-
tion. Thus, further delay in completing this study to reflect more
appropriate existing and prolected future growth rates is not believed
warranted at this time or in the best public interes.. Proceeding with
project authorization, postauthorization planning, and timely construc-
tion would best serve the needs of the citizens of Marshall and alleviate
the threat, potential for loss of life, and human suffering associated
with flooding.

e —
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REDWOOD RIVER AT

MARSHALL, MINNESOTA

FEASIBILITY REPORT

FOR FLOOD CONTROL

THE STUDY AND REPORT

Marshall, Minnesota, the county seat of Lyon County, is located in
southwestern Minnesota near the center of the Redwood River Basin,

The community occupies both banks of the Redwood River for a dis-

tance of about 4.8 miles at a point approximately 68 miles upstream

of the river's confluence with the Minnesota Ri‘er, as shown on

plate 1. A federally-constructed flood control project was completed

at Marshall in 1963. This project was originally designed for a peak
flood flow of 6,500 cfs which had a 114-year frequency of occurrence.
After the occurrence of two major floods in a short time span (1957

and 1969), discharge-frequency relationships at Marshall have been
revised, Based on the revised discharge-frequency curve, what was
originally a 1l4-year recurrence interval is now a 59-year interval.
Because of flocd problems experienced during the record April 1969

flood due to inadequate channel capacity both upstream and downstream of
the existing project, the City and County have requested a study to deter-
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mine if corrective action is advisable. A discussion of back-
ground information, problems and needs, alternative measures
considered, and recommended action are discussed in the following

report sections,

PURPOSE AND AUTHORITY

Authority for this study is provided for in section 216 of the
1970 River and Harbor Act. This section of the Act states:

"The Secretary of the Army, acting -through the

S Chief of Engineers, is authorized to review the

‘ operation of projects the construction of which
has been completed and which were constructed
by the Corps of Engineers in the interest of

t navigation, flood control, water supply, and re-
lated purposes, when found advisable due to sig-
nificantly changed physical or economic conditions
and to report thereon to Congress with recommenda-
tions on the advisability of modifying the Structures
or their operation, and for improving the quality

of the environment in the overall public interest."

By resolutions of 6 June 1972 and 3 July 1972 respectively, the

Lyon County Board of Commissioners and the City of Marshall re-

quested that the Corps of Engineers review the operation of the

existing project to determine the advisability of corrective meas-

ures required to upgrade the project and provide protection to
unprotected development at Marshall. By letter of December 3, 1975,

the City of Marshall requested additional studies of the advisability of
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locally desired recreational facilities in conjunction with the

existing and proposed flood control measures.

SCOPE OF THE STUDY

The flood control portion of this study principally concerns the
adequacy of the existing Corps of Engineers project in providing
flood damage reduction in the City of Marshall and adjacent urban-
ized areas both upstream and downstream of the city. The study

area applicable to flood damage reduction and recreational needs
includes these reaches in addition to the natural river reach
through the city. Any required recreational lands would be limited
to lands acquired for the existing and proposed flood control project
or immediately adjacent lands purchased entirely at local expense

to provide access to considered developments. Investigations were
made in sufficient detail to permit selection of the best overall ‘
plan from a series of alternatives and establish final project !
designs and cost estimates. Selection of the recommended plan was !
made after considering various effects, water and related land .
resource planning objectives, current planning policies and criteria, %
and the views of interested agencies and public. Coordination was i
maintained through the study with the City of Marshall and interested
state and Federal agencies.

STUDY PARTICIPANTS AND COORDINATION

To assure the acceptability of a plan to the local public, close
coordination between Federal, State and local interests has been

an important element in this study. Several meetings were held
with the City of Marshall to identify the nature and extent of the
flood problem and needed recreation facilities and to determine
alternative solutions thereto. Coordination was maintained with
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the following state and Federal agencies during the study:

" Minnesota Department of Natural Resources E
* Minnesota Pollution Control Central Agency :
hd Minnesota Department of Highways '
* U.S. Department of the Interior - Fish and Wildlife Service é

- Bureau of Outdoor Recreation
- National Park Service
* U.S. Department of Agriculture - Soil Conservation Service

* U.S. Environmental Protection Agency

Meetings open to and attended by the public were held with the
Marshall City Council on 3 March 1975 and 20 October 1975 to obtain
{ local views on proposed upstream and downstream reach improvements
! respectively. Pertinent correspondence regarding this coordination
effort is attached in Appendix II, On February 1977 a public meeting
was held at Marshall to discuss the proposed plan of improvement. A
copy of the meeting transcript together with subsequent correspondence

received is also contained in Appendix II.

A meeting was held with City officials in Marshall on 2 March 1978 i
to review revised study recommendations based on a review of the

draft report by higher Corps authority. On 2 April 1979, a meeting was
held with City officials and other interested persons to discuss
additional studies of alternative flood barrier alignments made in
response to Executive Orders 11988 and 11990. At this same meeting,

the City adopted two resolutions indicating its willingness and intent
to provide required assurances of local cooperation when and as
required for the proposed flood plain management and recreation
measures. Copies of these resolutions are also contained in Appendix 2.

. T — - ST e AT LI T T T T T T - ) Y lf“i ]

) - ea - WM s pa e e




THE REPORT

Results of this study are presented in a main report with two ap-
pendices. The main report is a brief non-technical presentation
with recommendations concerning proposed improvements to alleviate
the flood problem at Marshall. Appendix I is a detailed technical
report following the same general outline as the main report, but
providing greater detail on natural and economic resources, plan
formulation, and division of responsibilities for implementing the

selected plan. Appendix II contains all pertinent correspondence
associated with the study.
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PRIOR STUDIES AND REPORTS

House Document No. 230, 74th Congress, 1st Session, includes a re-
port submitted by the St. Paul District Engineer on 24 November
1934 concerning water and related land resource problems in the
Minnesota River Basin. However, this report did not specifically

consider flooding and related problems at Marshall.

House Document 417, 86th Congress, 2nd Session, includes a 25 March
1960 report from the St. Paul District Engineer recommending flood
control improvements at Marshall to include clearing and snagging

of a 3.1 mile reach of the Redwood River, construction of 2,135 feet
of levee, and a floodwater diversion channel at Federal and Non-Federal
first costs of $2,252,000 and $701,000 respectively, and subject to

certain assurances of local cooperation.

A flood plain information report on the Redwood River at Marshall

was prepared by Wehrman, Chapman Associates, Inc., Minneapolis,
Minnesota under contract to the Corps of Engineers in December, 1974.
This report, prepared at the request of the City of Marshall with
the endorsement of the Minnesota Department of Natural Resources con-
tains maps, profiles, and cross sections which indicate the extent
of flooding which has been experienced and which could occur in the
future at Marshall.

A flood insurance report has been prepared for the city by the St. Paul
District, Corps of Engineers under contract to the Federal Insurance
Administration. This report was completed in August 1976.

RESOURCES AND ECUNCMY OF THE STUDY AREA

The City of Marshall (1970 population 9,886) is located in south-
western Minnesota and along the Redwood River at mile 68.1 as
shown on plates 1 and 2. It is the county seat of Lyon County

e vy« . eweme s oo e -
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and also serves as the retail trade and service center for the

surrounding rich agricultural region.

ENVIRONMENTAL SETTING AND NATURAL RESOURCES

Marshall is located along the Redwood River between river miles
66.0 and 70.8. The town lies on the topographic divide between
the Redwood and Cottonwood River basins, the Cottonwood River lo-
cated about 6 miles to the south at its nearest point.

Land use in the study area outside the urbanized area is predom-
inantly agricultural with scattered rural residential and recrea-
tion uses. A narrow intermittent fringe of bottomland forest a-
long both river banks provides food, water, and sanctuary for area
wildlife. The agricultural lands, which extend to these wooded
areas are slowly being lost to expanding residential and other
development. Public land use along the flood plain consists of a
state roadside park, city-owned right-of-way along the existing
floodwater diversion channel, and the Southwest State College at
Marshall and three city parks.

The Redwood River rises in Pipestone County and extends downstream
along an elongated drainage area of approximately 743 square miles
of which 25 square miles are located upstream of Marshall. The
river at Marshall is generally less than 40 feet wide with numerous
areas of steep, eroding banks and is flanked on both sides by an
intermittent but fairly dense strip of tree and understory cover.

The general topography of the basin is that of & rolling upland
area. The river drops from an elevation of about 1,850 feet above




sea level to an elevation of 1,200 feet at Marshall for an average
rate of about 18 feet per mile. The river slope then flattens to
an average of about 4 feet per mile between Marshall and Redwood
Falls (mile _8.51/). Between Redwood Falls and its confluence with
the Minnesota River, the river slope increases sharply to an aver-

age of 24 feet per mile.

Soil patterns in the Marshall area are complex due to the nature

of the glacial deposits and mixing action of wind, water, and stream
flow. Soils are of recent and glacial origin and consist of allu-
vial silt, clay, and sand underlain by clayey glacial till or sandy
outwash material. The inherent soil fertility is quite high, re-

flected in high annual agricultural yields during non-drought periods.

The climate of the study area is characteristically continental
with wide seasonal variations in temperature. Average mean daily
temperatures range from 74% in July to 13° in January, the coldest
month. A .-age annual temperature is about 45° with recorded ex-
tremes of -36° F and 107° F. Normal yearly precipitation is about
27 inches with the annual snowfall averaging about 40 inches. High
intensity rains of 4 to 5 inches in 24 hours are not uncommon dur-

ing the spring and summer.

Vegetation in the study area consists of the thin strip of forest

and understory cover along the river banks, small isolated plots of
native prairie, grasslands on previously tilled cropland, and domes-
ticated plant communities on agricultural and residential areas.

Reed canary grass is by far the most abundant grass species found

on the river banks. Aquatic vegetation generally consists of several
species of attached algae and a few species of aquatic weeds.

l/All Redwood River mileages referenced to mile 0.0 at the confluence
with the Minnesota River.
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The river woodlands provide habitat and a source of food and water

for a variety of wildlife. Red fox (Vulpes fulvaj, raccon (Procyn lotor),
mink (Mustela vison), muckrat (Ondatra zibethica), and beaver

(Castor canadensis) are common in the area. The woodlands along the

river just downstream of Marshall are uniquely important to the local
bird population as many species of wading birds are attracted to
the sewage disposal ponds located north of Marshall. No significant
sport fishery is present in the river at Marshall due to the high

turbidity levels and very shallow depths or dry areas during low-flow per

Although the Marshall area has experienced substantial Indian and
early white settler activity, no evidence of historic Indian, or
sites of other historical or archeological interest have been iden-
tified in the study area. This finding is supported by a check of
the National Register of Historic Places, research done by the State
of Minnesota, and an environmental assessment for the Marshall muni-
cipal airport by the City Engineer.

Major recreational resources in Marshall include four municipal
parks and a private golf course. Developed public use areas in the
immediate study area include the state roadside park located south-
west of the community as shown on plate 1, and three city parks as
shown on plate 2. Some walking trails are found in the river wood-
lands but are not publicly owned. Fishing and canoeing activity

is minimal due to the very shallow areas and fallen trees and
snags in the channel. The City is presently making a study of a
bicycle trail system around the city. A portion of this system
would utilize existing city-owned diversion channel right-of-way
and provide connect}ons to the college and downtown areas.

Two County ditches are located within the study area. These ditches
No. 70 and No. 62 are maintained by Lyon County in accordance with
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State law. The Redwood River downstream of the State Highway 23

crossing is classified as a judicial ditch.

The existing flocod control project at Marshall is located mostly
within the City limits and operated and maintained by the City in
accordance with local assurances of cooperation previously fur-
nished to the Secretary of the Army. The City has recently
adopted a flood plain management program based on the com-

pleted flood plain information report. Management of unin-
corporated flood plain areas adjacent to the city are subject

to an existing agreement between the City and Lyon County.

HUMAN RESOURCES

The present site of Marshall was settled in 1869. Railroad trans-
portation to the town was initiated in 1872. The city's popula-
tion has steadily increased to a 1970 population of 9,886, an in-
crease of 48 percent over the 1960 census. Much of this increase
was due to annexation by the City and the opening of the Southwest
State College at Marshall. The City's population is expected to

grow over the next 25 years but at a decreasing rate.

DEVELOPMENT AND ECONOMY

Marshall, the county seat of Lyon County, serves as an important
regional government, trade and service center. The State college
provides various sducational and cultural opportunities for area
residents. Much of the agricultural activity around Marshall is

-




based on the marketing of annual products with three of the largest
employers involved in food processing. Farming in the area contin-
ues to become more specialized with a decrease in cash crops and an
increase in livestock and dairy operations. Median family income
for Marshall residents in 1970 was $9,856 with a per capita income
of $2,840. The Marshall area is served by one major U.S. highway,
three State highways, rail freight service, two truck freight lines,

bus service, and a charter airplane service.

PROBLEMNS AND NEEDS

The existing federally-const:iucted flood control project provides
protection to much of Marshall during the frequent smaller floods.
However, a large portion of the city remains subject to severe dam-
age during major flood periods. The following paragraphs discuss
the status of existing improvements, the flood problem and improve-
ments desired by local interests. Additional discussion of study area
resource management problems and needs is given in Section C of

Appendix I to this report.

STATUS OF EXISTING PLANS AND IMPROVEMENTS

In 1952 the City completed a 1,100-foot long channel cutoff on the
Redwood River at mile 67.0. This cutoff together with channel
clearing and straightening works by the Corps of Engineers in 1953
reduced flood stages about a foot in the downstream portion of the
town. The City was provided additional protection with the comple-
tion of the existing diversion project in 1963. This project, con-
structed by the Corps of Engineers, included channel clearing and
snagging, & levee, a 2.4-mile long floodwater diversion channel,

10
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channel enlargement along two river reaches, flanking spoil dikes
along improved channel reaches, drop structures in the diversion
and natural channels, and necessary road, rail and bridge alter-
ations. The project was designed to pass a flow of 6,500 cubic
feet per second (cfs) around and through the city with no signifi-

cant flood damage.

The City presently has a flood plain management program

in effect with floodway recently having been designated for the
area. Adjacent flood plain reaches upstream and downstream of

the City limits are subject to Lyon County flood plain manage-

ment regulations for unincorporated areas.

THE FLOOD PROBLEM

The City of Marshall remains subject to severe flood damage during
major flood periods. 7The existing project was designed to pass a
peak flood flow of 6,500 c¢fs around and through the City without
any significant flood damages. Updated frequency-discharge rela-
tionships indicate that the 1l4-year frequency of occurrence orig-
inally associated with this discharge is now a 59-year recurrence
interval. Based on these updated relationships, a 100-year recur-
rence interval corresponds to a peak discharge of 8,200 cfs or a
discharge close to the 8,090 cfs which occurred during the April
1969 flood.

The existing diversion channel has sufficient capacity to pass the
original design discharged of 6,500 cfs without any

problems. However, the existing channels upstream and down-
stream of the project have insufficient capacity to pass the
design flood into or away from the project. Channel capacity

11
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along both reaches is limited by extensive debris, vegetative growth,
inadequate flow area, and numerous sharp meanders. Thus, as eviden-
ced during the April 1969, the actual level of protection afforded
the City is against a flood having a recurrence interval of about
once in 16 years (point at which flood flows would overtop CSAH 7

and flow into Marshall).

Overbank flows along the upstream reach commence at the wayside park
at a flow of about 2,500 cfs. At a discharge of 6,500 cfs most of
the land area upstream of County State Aid Highway 7 (CSAH 7) (plate
1) would be flooded. At a discharge greater than 3,500 cfs, flood-
waters would cross over CSAH 7 and re-enter the river after passing
through the western part of the town. At the peak Redwood River
discharge of 8,090 cfs at the Highway 23 wayside park during the

1969 flood, approximately 1,400 cfs initially overtopped Highway 23
and flowed into the Cottonwood basin, The construction of an emer-
gency levee along CSAH 7 during the flood to prevent overflows into
the town resulted in inundation damages to upstream farmlands. Sub-
sequent breaching of Highway 23 to relieve pressure on the emer-
gency levee and remove the retained floodwaters allowed an additional
1,106 cfs to flow into the Cottonwood causing inundation and erosion
damages to two farm properties located south of the highway. At the
height of the flood only 5,590 cfs reached the existing diversion
structure. Without the emergency raise of CSAH 7, approximately 1,090 cfs
would have flowed over CSAH 7 into the City causing extensive damage.

Insufficient downstream reach channel capacity was alsc demonstra-
ted during the 1969 flood when extensive emergency measures were
required to protect downstream development against a peak downstream
discharge of 5,580 cfs (8090 - 2500). It is expected that a much
greater damage potential would occur in the event of the revised
downstream 100-year discharge of 6,700 cfs.

12
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Based on a review of the existing project's performance during the

1969 flood, it is obvious that without additional measures upstream
and downstream of the project, the projec*® cannot tunction as in- ‘
tended. These additional improvements are needed to pass the design %
flood both into and away from the diversion project without dam-

aging overbank flows.

RECREATIQNAL AD OTHER RELATED RESOURCE MNEEDS

bDuring the course of this study, the City has indicated a growing
need for a city-wide recreational trail system. A recent survey

by the City indicates that local residents place a high priority

on the need for such a system. A perimeter trail system utilizing
city cwned diversion channel right-of-way is in the initial planning
stage by the City. Local interests also desired improvements to a
generally undeveloped softball complex on the diversion channel ‘
right-of-way, cross-country ski facilities, river bank improvements
in the interest of public safety at two city parks, expanded picnic-
king facilities at a third park, an off-road vehicle track, and

nature education and quiet areas.

IMPROVEMENTS DESIRED

The primary improvements sought by the City are the additional

measures to insure effective operation of the existing project and

protect presently unprotected development immediately downstream

of the existing project. By a resolution of 6 June 1972, Lyon

County requested that the Corps review the operation of the exist- ¢
ing project and required modifications be made thereto to insure I

13




that Marshall will be provided an adequate degree of protection.
By a resolution of 3 July 1972, the City requested that a study
be made to determine what improvements can be made to provide
for additional protection and efficiency of the study project.
The City has also indicated a desire for a study to include
consideration of the advisability of a recreational trail system
and other facilities in conjunction with any proposed flood

control improvements.
FORMULATING APLAN

Thne actual damages and problems experienced during the April 1969
flood and the present potential for even greater flood damages em-

phasize the need for additiocnal flood control measures at Marshall.

The purpose of these formulation studies is to review the operation
of the existing flood control project at Marshall with the intent
of identifying solutions that meet the study objectives

identified early in this study. These specific objectives are:

o Reduce damages from flooding along the Redwood River at
Marshall during the period 1980 to 2030.

o Contribute to water and winter recreation needs for
Marshall during the period 1980 to 2030.
o Contribute to the riverine woodland and wetland areas

within the City of Marshall for ecological, diversity, and
aesthetic purposes during the period 1980 to 2030.

A detailed discussion of planning objectives and criteria is

given in Section D of Appendix I to this report.

In formulating a plan, consideration must be given to both
structural and non-structural solutions giving due consideration to

economic, environmental and social well-being factors. Preservation
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and enhancement ot ~tudy drca natural, cultural and recreational

resources are dlsc considered.

FORMULATION AND EAVALUATTON CRETERIA

In the formulation ot alternative plans, thoe magor shjectives re-
fating to Federal participation o owater and related tand resource

programs have been ooanspdered.

* fnfiance national ecosomic develojuent by increasing the
value of the Nation's output of good- and wervices and

improving evonomic efficiency,

* Inhince the quality of the environment by the manage-
ment, coaservation, preservation, creation, restoration
or improvenent of the quality of natural and cultural

re-aources,

To meet these cbjectives, each slternative 15 analyzed on a "with”
or "withuut" praject basis and 1s developed using a variety of tech-
nical, economic, and environmental criteria. Consideration is also
given to the effects of all plans considered on regivnal develop-

ment and social well-being of the affected people.

14a
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TECHNICAL CRITERIA

Technical data such as hydraulic and soils parameters, design re-
quirements, and results of other studies made for project designs
and cost estimates are prepared and evaluated according to Corps
Both

general criteria applicable to any project and criteria specific to

of Engineers regulations and accepted professional practice.

the Marshall area were considered in formulating a plan.

General Technical Criteria require that the degree of protection

be the maximum practical level of protection, or the Standard
project flood level, if feasible. The plan must be complete with-
in itself, technically feasible, and be generally in concert with

water and related land resource programs of other interested agencies,

15
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Specific Technical Criteria require that controlled overflow into

the Cottonwood River basin commence at a Redwood River discharge

of approximately 6,500 cfs. Approximately S50 percent of the Redwood
River flow in excess of 6,500 cfs would be diverted into the Cottonwood
River basin. For interior drainage designs, these criteria require
that any ponding or pumping facilities be designed to minimize adverse
economic, environmental, and social well-being effects in affected

areas.

ECONOMIC CRITERIA

The selected plan to insure effective operation of the existing
project must be economically justified with a benefit to cost ratio
greater than unity. Annual costs and benefits are based on a 50-
year economic life, and interest rate of ¢ 7/8 percent and price

levels and conditions existing in October 1977.

ENVIRONMENTAL AND OTHER CONSIDERATIONS

Environmental, recreational, and other planning criteria involve
consideration of the public health and safety, social well-being,
and quality of life of the local residents, as well as general
public acceptance of the project. Environmental planning criteria
require that preservation or enhancement of area environmental re-
sources be given equal consideration with economic efficiency in
developing and evaluating alternative solutions.

16
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Social well-being factors considered in this study include: possi-
ble loss of life and hazards to health and safety of area residents;
preservation and enhancement of social, cultural, historical, and
aesthetic values in the area; air, noise, and water pollution; in-
jurious displacement of people and businesses; adverse employment
effects; and disruption of desirable community and regional growth.

The plan must fit integrally into an overall plan for water and re-
lated land resources management and development for the Upper Missis-
sippi River basin.

POSSIBLE SOLUTIONS

Flood damage reduction solutions considered in this study pertain
only to additional measures needed to assure effective operation of
the existing project and to providing flood protection to down-
stream development not presently protected by the existing project.
Both structural and non-structural solutions and combinations of

both were considered in selecting a plan of improvement. In addition
to these solutions, the consequences of doing nothing to alleviate

the recurring flood problem is considered as a base from which to
measure the impacts of positive alternative solutions.

No Public Action - Plan 1

This alternative represents the ''without" project or base condition
and provides for continuance of the existing situation at Marshall
without any further local, State or Federal action to provide addi-
tional measures to assure effective operation of the existing

17
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project. The existing situation relating to flooding at Marshall
Is represented by the existing federally-constructed project, flood
warnings by the National Weather Service Forecast office in Minne-
apolis of impending Redwood River flood occurrences, related emer-
gency flood fight and supporting disaster relief activities by the

City and other government agencies, the required purchase of flood
insurance to obtain federally-supported financing for building in

flood prone areas, and flood plain management regulations recently
adopted by the City of Marshall. It is recognized that flood warnings,
1t timely and accurate, tend to mitigate flood losses and are essential
to public safety.

With this alternative (see table 1), a large portion of the highly
developed central part of the city and agricultural lands adjacent

to the city would remain vulnerable to extensive flood damages dur-

ing major floods without major flood fighting efforts. No further
public action would thus perpetuate the continued burden on the City

in terms of human suffering, hazards to public health and safety and
the required inefficient commitment of local financial and manpower
resources. This course of action does little in terms of permanent
flood damage reduction and is clearly unacceptable to the City. There-
fore, this alternative was not considered further except as the base
condition against which the other alternatives are compared. Only

the continuance of flood warnings, the enforcement of local flood plain
management, and flood insurance programs will be considered further
but as supplements to other alternatives. With this alternative, aver-
age annual flood damages of $352,685 could be expected to periodically

recur.
Permanent Evacuation - Plan 2

Permanent evacuation would solve the residual flood problem at

Marshall but would require the relocation of most developments in

18
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the city including over 1,100 residences, over 200 businesses, and
several churches and schools. Roadways and utilities would remain
as needed to serve adjacent flood-free areas and the evacuated areas
which would be converted to open-space recreational and other pub-
lic use areas. The displacement of existing development in addition
to being totally uneconomic is considered impractical and totally
unacceptable to local interests and therefore is not considered

further.

Permanent evacuation of the downstream reach was considered not as
an alternative to the existing project, but rather as a complement
to it relative to evacuation of new unprotected development. Evacu-

ation of this new development would involve the removal and reloca-
tion of eight new residences, 32 mobile homes, three apartment

buildings of 33 units each, four apartment buildings with eight
basement level units affected in each, and seven large buildings on
the college campus. Total first costs for this alternative are
estimated at $20,000,000. Comparison of average annual costs and
benefits of $1,526,300 and $379,900 respectively indicate an

unfavorable 0.3 benefit-cost ratio as shown on table 1.

Movement of the apartment and college buildings would be physically
impossible, leaving razing the only alternative. Even the temporary
loss of the buildings from the State Regional College campus would
place a severe and adverse economic, educational, and social impact
on the community, region, and state. Permanent evacuation of the
new development is totally unacceptable to all concerned interests
and therefore not considered further.

Partial Evacuation and Flood Proofing - Plan 3

This alternative (table 1) would involve partial evacuation of
selected downstream reach flood prone structures together with flood

proofing measures to remaining residential, commercial, and public
19
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structures in both reaches. Evacuated areas would be managed as
flood damage-free areas in accordance with local flood plain manage-

ment regulations that are in effect for the City.

Partial evacuation measures would involve the relocation of all
residential structures subject to flood depths greater than 3 feet

and any structure not considered suitable for flood proofing. With

this alternative, 30 residences, S5 commercial structures, and the trailer
court in the downstream reach would be relocated out of the 100-year

flood plain.

Floodprcofing measures would include structural changes and land-
scaping measures. Structural changes to the basement level apart-
ment units would include sealing of doorways, windows, and other
openings, sealing and bracing of basements, and in some cases, pro-
vision of floor drain standpipes. Structural changes to the college
buildings would include these same measures plus the construction
of bulkheads in interconnecting equipment tunnels and placement of
valve closures in drain pipes running between and from the build-
ings. Sealing of the ground level windows and other openings could
probably be accomplished but only with the remaining threat of ex-
tensive damage and possible health and safety hazards in the event
of failure of any one closure. Seepage into these units would
likely be a problem during major flood periods. Assuming effective
bulkhead and valve closures, water damage to the college buildings
would be minimized. However, extensive electricat failures would
still be possible due to electrical shorting of cables, switches
and connections in the cableways.

This plan would significantly reduce potentisl flood damages but
only at excessive economic and social well-being costs as shown on
table 1. The removal of the much needed residential and apartment
housing from areas presently zoned and developed for this purpose
would have a major adverse long-term effect on regional education-

20
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al opportunities and established community patterns. Local interests

clearly do not favor a major rearrangement of area housing and

indicate a preference for a more positive method of flood protection

for the college campus. Further, it is accepted State policy that
permanently habitable space below the regulatory flood elevation
should not be flood proofed. Similarly, evacuation and flood-
proofing in the upstream reach would be totally infeasible since

nearly all of the core city would be affected.

Upstream Reservoir Storage - Plan 4

Reservoir storage was also considered as a possible solution to
Marshall's flood problem. The only practical site from a technical
standpoint is located in Camden State Park, about 8 miles upstream
of Marshall. Earlier studies made in support of the existing pro-
ject and recent preliminary review studies show that a single
large reservoir would probably have sufficient storage capacity but
would be economically infeasible and environmentally unacceptable.
Estimated average annual costs and benefits of $1,523,500 and
$339,900 respectively indicate an unfavorable benefit-cost ratio
of 0.2 as shown on table 1. A reservoir in this regionally im-
pertant park would result in extensive forest resource losses, the
loss of several miles of canoe stream and stream fishery and major
aesthetic alterations.

A system of small reservoirs on headwater tributary streams
presently under consideration to solve agricultural flooding
would be located too far upstream and have too little storage
volume to provide the desired level of flood protection for
the City of Marshall. Thus, for these reasons, upstream stor-
age via a single large reservoir or a system of small tributary
reservoirs is dropped from further consideration.

21
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FLOOD BARRIER AND CHANNEL WORK ALTERNATIVES - UPSTREAM REACH

Both flood barriers and channel works were considered as additional

upstream reach measures to permit efficient operation of the existing

project as designed. It became clear very early in the study that because

of inadequate channel capacity and topographic and other constraints,
neither levees or channel works alone would achieve the desired
solutions. As described in the earlier report paragraphs on tech-
nical criteria, overflows of the Redwood River occur naturally

during major flood periods in the vicinity of the Highway 23way-

side park. Hydraulic studies subsequent to the 1969 flood indicate
that approximately 50 percent of these overflows would have entered
the Cottonwood River basin under natural (pre-existing project) condi-
tions. To avoid any major hydraulic changes to the existing flood
flow pattern at Marshall, all upstream structural alternatives

provide for continuance of these overflows via diversion works at
the wayside park.

COMBINED LEVEE - CHANNEL WORKS - PLAN 5U

This alternative would enable operation of the existing project to

provide a 100-year degree of protection with the construction of levees,

channel widening, bank protection, and clearing and snagging meas-
ures along the Redwood River between the existing diversion struc-
ture (mile 70.2) and the upstream study limit (mile 73.8). An over-
flow structure with attendant outlet channel and culvert works would
be located at the wayside park, The 540-foot long overflow struc-
ture would divert approximately 50 percent of flood overflows in

excess of the present design discharge of 6,500 cfs, or a maximum

22
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Another modification (SU-mod. 3) including a 700-foot long cut-off
along with the 600-foot long cut-off would further reduce the chan-
nel length and provide a slight reduction in levee heights. As the
increased total project first costs of about $250,000 would clearly
not be commensurate with the minor benefits gained, this modification

is not considered further.

Modification (5U-mod. 4 or Executive Order 11988 Plan) would eliminate
all right bank levees downstream of those required to maintain proper
operation of the overflow structure. This modification would also
require that State Highway 23 and CSAH 7 be raised to suitable elevations
such that they would act as flood barriers. This would create an
approximately 80 acre triangular ponding area which would keep

flood flows from bypassing the diversion structure and flooding

Marshall. Due to the additional costs that would be incurred due to

the purchase of necessary londs and costs of required road raises, this
modification would be economically infeasible and thus was not considered
further. Detailed discussion of this alternative including

analysis of substitute levees in lieu of the road raises is given

in Section J of Appendix I to this report.

Two alternatives were considered to the proposed overflow structure
along the right channel bank at the wayside park. The first would
involve lowering of State Highway 23 in the vicinity of the wayside
park to permit unimpeded overflow into the Cottonwood River basin.
Downstream channel improvements would be limited to insure required
river stages at the park (overflow area). However, limiting the
channel measures would likely result in severe downstream bank ero-
sion and potential levee damages. In view of these adverse effects
along with possible damage to the highway, traffic disruptions, and
potential overflow inundation damages to farm properties, this mod-
ification was not considered further.

The second alternative to the proposed river bank overflow structure
would involve using the existing Highway 23 embankment as a
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of 850 cfs at the 100-year Redwood River flow of 8,200 cfs,

The plan would also provide for minor interior drainage measures,
relocation of two structures, and utility relocations. Plan impacts
and total first costs of about $1.7 million are shown on table 1. The
plan would accomplish the desired improvement generally in accord-
ance with the desires of local interests. Thus, it is carried for-
ward for further impact analysis and possible combination with down-
stream improvements to develop a total plan for the area,

Several minor modifications to plan 5U were considered with a view
towards modifying the effects of the considered levees and over-

flow structure. One modification (SU-mod.1) suggested by local
interests would involve realignment of the right bank levee to permit
flood-free use of 8 10-acre river meander area located just up-

stream of CSAH 7. Although this modification would increase total plan
SU first costs by about $160,000, it is carried forward for

further impact and trade-off analysis at the request of local interests.

Another modification (5U-mod.2) would substitute a 600-foot long
cut-off channel in lieu of a 4-foot high levee across the river
meander. This cut-off channel would reduce the natural channel
length by 1,900 feet and result in a slight lowering of the levees.
This modification, with reduced main channel works and bank pro-
tection needs, would provide a net saving of about $50,000 in total first
costs, exclusive of financial losses to the property owner and a
flood-free access. Utilizstion of the 10-acre area would be hind-
ered as access across the channel would be affected by backwater

in the cut-off channel every one to two years. As this modification
is of questionable economic merit and lacks local support, it is

not considered further.
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controlled overflow wier together with raising of a driveway east

of the park to confine overflows to the park area. This plan, to-
gether with considered downstream channel improvements would actually
result in lesser overflows into the Cottonwood Basin and correspond-
ing increased downstream flows through Marshall. Further, any
changed downstream channel conditions with related back water stage
effects at the park overflow area would make overflow control ques-
tionable. In view of these problems, potential highway embankment
damages, and traffic disruptions, this modification was not consid-
ered further.

FLOODWATER DIVERSION CHANNEL - PLAN 6U

Consideration was given at the request of local officials to a
flood-water diversion channel between the CSAH 7 bridge and the
Burlington Northern Railroad Bridge. This 4,200 foot-long channel
with a 200-foot top width would pass about 60 percent of the design
100-year flood flow. In addition to extensive realigning and wid- ‘
ening of the natural channel at the downstream confluence, extensive
bank protection and levee works would still be required. Seven acres
of forested land would be required for this plan. Greatly increased
total first costs of about $3.4 million and other plan impacts are !
shown on table 1. This plan would accomplish the desired flood dam-
age reduction along the upstream reach but at a substantially higher

economic and environmental costs than plan 5U. However, it is
carried forward for further impact and trade-off analysis at the re-
quest of local interests. A modification of this plan providing
additional by-pass channel capacity was also considered but dropped
as added benefits did not compare favorably with increased project
first costs.

PO s I S
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STRUC TURAL AL TERNATIVES - DUWNSTREAM REACH

Alternative downstream reach structural measures considered as
possible solutions together with the previously discussed up-
stream works i1nclude channel works, levees, combined levee-
channel works, and combined levee-highway works as discussed in
the following paragraphs. An itemized breakdown of economic,
social, and environmental impacts for these alternatives is shown

on table 1.
CHANNEL IMPROVEMENTS ONLY - PLAN 7D

Downstream reach channel improvements to provide a 100-year de-

gree of protection to bottom land cropland and scattered rural
farmsteads was quickly found to be both technically and economica- i
11y infeasible. Thus, channel improvements were considered only
in the context of improving the operation of the existing project

and reducing flood damages to unprotected urban development.

Considered channel improvements would include channel widening be-

i ety e S

tween river miles 64.63 and 66.3 and a 1,300-foot long channel cut-
off betwean 65.47 and 65.94. C(learing and snagging would be
accomplished along the entire reach downstream to the State Highway
23 bridge (mile 58.3). Riprap bank protection would be provided

at two bends to prevent erosion of channel banks and possible dam-
age to County Road 67. Estimated total first costs would be
$303,000.

These channel works would provide only a minor reduction in flood
damages to flood-prone urban development. The upstream portion of these
works would, however, mitigate the slightly increased river stages due
to increased flows from the upstream reach works. In view of the

limited benefits, and the potential adverse environmental effects,
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particularly in regard to transient birdlife, occasionally util-
izing the nearby river bottom woods, channel improvements were
not considered further except in combination with downstream

levee works.
HIGHWAY ALIGHMENT LEVEE - PLAN 8D

This alternative would include a 7,600-foot long levee extending

a considered highway alignment (approved system route FAS 6072)
from high ground near 5th Street and Hudson Avenue to high ground
near the Highway 23 embankment. Also included would be a 450-foot
long levee along the right channel bank upstream of the downstream
confluence with the diversion channel and a low 200-foot long le-
vee to bridge another low right channel bank area. Other works
would include a 7-acre interior drainage ponding area with atten-
dant ditch and outlet works and a temporary sandbag closure across
4th Street (County 67). These plan measures would result in more
efficient operation of the existing project and provide a adequate
degree of protection to presently unprotected downstream reach de-
velopment.

Estimated total first costs of $347,600 and other plan impacts are
shown on table 1. Since this plan provides the desired degree of
flood damage reduction, is incrementally feasible as indicated by
a 2.5 benefit-cost ratio, and is generally acceptable to local in-
terests, it is carried forward for detalled impact and trade-off
analysis.

COMBINED HIGHWAY-LEVEE - PLAN 9D
This alternative was considered at the request of the City, which
in conjunction with Lyon County, is considering a possible highway

by-pass around the northern part of the city. This by-pass around
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the west and north sides of Marshall would include approved routes j
FAU 5764 and FAS 6072. Route FAS 6072 would extend from the vicin- ‘
ity of the junction of the diversion channel and natural river (mile

66.1) easterly to U.S. Highway 23 as shown on plate 1. This plan

would include a combined highway-levee embankment along much the

same alignment as for plan 8D. Required flood control measures

would be similar to those of plan 8D but excluding the 200-foot long

levee and sandbag closure. The Federal first costs for flood

control would be limited to the equivalent levee cross-section re-

quired together with the 400-foot levee and needed interior drainage

works. As this alternative is favor =~ < to the City, it is also

carried forward for additional impact a.u trade-off analysis.
COMBINED LEVEE-CHANNEL WORKS - PLAN 10D

Consideration was given to combined levee-channel measures to fur-
ther reduce flood stages and required embankment heights. This
plan would include channel works (Plan 7D) together with the high-
way alignment lcvee (Plan 8D) and reduce required levee heights by
about one-half foot. Interior drainage requirements would be the
same as for plan 8D. Construction of the channel widening measures
would require removal of an existing right bank levee and replace-
ment of the 200-foot long levee with an 850-foot long levee of
slightly higher height. Total plan first costs of $580,800 and
other plan impacts are shown on table 1. Average annual incremen-
tal first costs for the channel works of $22,000 when compared with
incremental average annual benefits of $11,400 indicates that add-
ition of the channel work is not economically feasible. Further,
this alternative would have a greater adverse effect in terms of
vegetative and habitat losses due to channel bank clearing and re-
shaping.

EXECUTIVE ORDER 11988 AND EXECUTIVE ORDER 11990 ALTERNATIVES

Additional alternatives prepared in response to Executive Orders 11988 f
and 11990 are presented in Section J of Appendix I to this report. @ : i
!
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ALTERNATIVES CONSIDERED FURTHER

Of the upstream reach alternatives considered, only the combined
levee channel works plan (S5U) and the floodwater diversion chann

plan were considered for detailed impact analysis. A minor mod-

ification of plan 5U to include protection of an additional 10-acre

area via realignment of the project levee was also carried forward.

This impact analysis clearly showed that of the two basic plans

(plans SU and 6U), plan 5U provides the most cost effective solution

and is the least aesthetically and environmentally disruptive.
Further analysis also indicates that protection of the 10-acre
meander area would be technically feasible, locally acceptable
but economically unjustified.

Of the downstream reach alternatives considered, the highway align-
ment levee (plan 8D) and the combined highway-levee (plan 9D) were

examined further. In addition, limited channel widening measure
are also considered with both plans. Both plans would be tech-

nically and economically feasible from a flood damage reduction

el

S

standpoint. The combined highway-levee plan would require about

20 more acres of cropland and result in slightly higher vegetative
and habitat losses. Although initially suggested by the City as a

possible efficient combination of projects, it is believed that
the required planning and designs for the highway would not be

completed in time to achieve a combined project assuming approval

and normal Federal funding of any recommended flood control works.

Since the proposed levee follows the proposed highway alignment,
it could later be incorporated into the pruposed highway without
major modifications of the flood control project features.

31




CONTRIBUTIORNS OF ALTIRMNATIVES TG MATIOMNAL OBJECTIVES

To achieve a batanced plan for fioowd control while maintaining and
enhancing the natural cnvirunment, separate plans were developed.
The first optimices national econvmic efficiency while the second
provides for achieving the principal tlood damage reduction objec-
tive whilce emphasizing the envirunmental quality objective. These
separate plans were then anaiyzed via a trade-off unalysis of plan

impacts to achieve a compromise or selected plan.

National bconomic Development (NEL) Plan - The NED plan, from a

national viewpoint, must reflect the best return on any investment

of economic resources. trom the foregoing analysis, the NED plan

tor the upstream reach would be plan SU ancorporating levees, overflow
Jiversion works and channel improvement measures. similarly for

the downstream reacti, §lan 80 tugether with limited channel

widening measures provides the most coonomical method of obtaining
ctfective operation ot the existing proyedct and providing a 100-

year degree of protection to unprotected urban development.  Thus,

for the entiie project area, the overall NED plan would include plan

SE together with plan SU oand accompanying charnel works.

knvironmental Quality (LQ) Plan - Since all the alternatives consid-

ered were formulated based on satisfying the specific flood damage
reduction vbjective, and the EQ plan must also satisfy this objec-
tive, the EQ plan will, with relatively minor alteration, be among
the alternatives considered. Worhing within the context of a frame-
work environmental quality objective plan, which was initially least
disruptive tu the environment, measures were added incrementally to

develop the most acceptable and environmentally beneficial plan.
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From an analysis of the alternatives considered further for flood
damage reduction, it was determined that the overall EQ plan would
include:

For the upstream reach -- Plan 5U incorporating added measures in-
¢luding relocation and reshaping of the flood barriers at nearby
residences to minimize adverse aesthetic effects, tree and shrub
plantings at selected locations along the levees and surface treat-
ment of the overflow weir to blend it into the park setting. Also
included would be the controlled disposal of waste excavation, trees,
brush and debris, deletion of clearing and snagging measures other
than at riprapped >r widened channel areas; and management of

residual flood plain areas.

For the downstream reach - Plan 8D together with channel widening

measures, tree and shrub plantings, and flood plain management

measures for residual unprotected areas is selected as the EQ plan

as well as the NED plan for the downstream reach since it would ‘
have no significant adverse effect on the natural and cultural set- :

ting while still satisfying the flood damage reduction alternatives.

Both the NED and EQ plans would also include a recreational trail

system and related facilities along the rights-of-way needed for i

flood control measures. The proposed trail and other facilities
are desired by local interests no matter what type of flood control

measures are considered.

SELECTING A PLAN

Of the alternatives considered, all but one total plan for Marshall
have been eliminated. The selected plan reflects only minor trade-
offs from the NED plans and in this instance, is also the EQ plan.
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In summary, the Selected Plan includes: upstream reach plan 5U
without the major clearing and snagging measures but including the
levee reshaping, relocations, desthetic measures, and management of
residual tlood plain arcas, downstream reach plan 8D with accom-
panying channel widening and tlood plain management measures and
recreational measures along both reuches. The characteristics of
the selected plan have been evaluated according to the Federal
Water Resource Council's planning objectives. A summary of selec-
ted characteristics for the selected and B£Q plun, alony with
similar ones for the NED plan is given in table 2. A detailed
account of plan (haracteristics for the selected plan is given in

table D-4 of Sevtion D ot Appendix 1.

The seiected plan provides the most cost-effective solution for
assuring effcctive uperation of the existing project and provides

the most feasible means of flood protection tu unprotected downstream
reach urbanized development. Of the viable solutions considered

in terms of flood control, the selected plan would result in the
least adverse environmental impact in terms of required lands,
vegetative losses and related effects on fish and wildlife habitat.
Minimal (one family) displacement of people would occur. In this

one instance, a house would be moved only a short distance on the
same property. Thus, the environmental quality and social well-
being objectives ure best satisfied with this plan. Local interests
have indicated at various meetings that the selected plan is ac-
ceptable. For these reasons, a total area plan incorporating the
modified upstream reach plan SU as described in the preceeding
paragraph together with downstream reach plan 80 (also described in
preceeding paragraph) and various recreational facilities is selected

for detailed designs and recommendation.
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Table 2 - System of Accounts

Summary Comparison of Alternatives

Plan Data

Structures

Additional land

Non-structural components

NEDY
Beneficial (Ann.Benefits)

Adverse (Ann.Costs)
Net (Benefits)

Water quality

Recreation and open space

R.D.

Project area

NED Plan

EQ and Selected Plan

Levees, channel
works, overflow
weir, culvert
works, ponding
area.

119.8 acres

Management of resi-
dual flood plain
areas.

$260,800
156,300
106,300

Temporary increase
in turbidity long-
term decrease.

Added recreational
opportunities with
trail system and
other facilities.

Beneficial effect
with protection of
regional State Col-
lege facilities and
improved prospects

Levee, channel works,
overflow weir, culvert
works, ponding area,
aesthetic measures.

119.8 acres

Management of resi-
dual flood plain
areas.

$260,800
160,600%/
100,200

Temporary increase
in turbidity. Long-
term decrease.
Additional recrea-
tional opportunities

with trail systen
and other facilities.

Same as NED plan.

for Marshall's stand-
ings as regional trade

and service center
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SED O PTan FQ and Selected Plan
5 wH
oo dlaced flood rask Kedaced t1ood dam “ame as NED Plan
ges o put o, com
mercial, and resy -
dentral Jevelioprent.,
7 S - s e

;/Present coendition tlood damage reduction benefits only.
=kxcludes annual costs for purchase of floodway lands as purchase
would be common to all upstream reach structural alternatives.

~Increased costs for levee widening and landscaping measures.

SCALE OF DEVELOPMENT

Po deter et ot Tavel ot core ton, wnnual costs and benefits
weie rataetad ot the S0 hvear, ded Loar, OO vear, 200-ycar, and
dosoar b Dottt pe battenshop between average
Gl Steoand T its e te tor g b vrar tevel of protection,
cnsilanaty analesrs of ntorost o tates varying over time versus
oo 1t cont ratics Yor various ledels of protection was miade to
determane the bnats of econemic feastbility,  This analysis (see
Cection Doof Appondix 1) indicated that the maximam feasible level of
jrotection or beactit -cost ratio greater than 1.0 would be about the
150 car level at an 8 3/8 percent interest rate,  Provision of
the added ancrement of protection between the 133-yeur and 150-year
flood levels would result in ~ignificantly ancrcased total Federal

and non-Federal first costs of 21,040,000,

Provision of a standard project level of protection would require

major additional works including 1oad and driveway raises and the

relocation of numerous residents and businesses in the downtown .
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area to accommodate needed flood buarriers and interior drainage
works., An SPF level of protection ts clearly infeasible as indicated

by a 0.7 benefit-cost ratio.

With an assumed levee failure at the SPF flow, several hundred
commercial and residential structures would be adversely affected in
the city. However, as nearly all proposed levees along both study
reaches would be relatively low (4 to 5 teet average height) and
overbank velocities would be less than one foot per second, the
potential for loss of life is not considered great. To assure that
no SPF level flows would overtop flood barriers and enter the city,
two feet of freeboard above the SPF flood level would be provided
along the right bank levee between the existing diversion structure
(mile 70.5) and proposed overflow works at the State Highway 23

wayside park.

After review of the draft feasibility report, the City has stated

(See April 1978 letter from City in Appendix 2) that a SPF level

of protection would be unrealistic and unacceptable. By letter of

21 February 1979 (See Appendix 2) the City also indicates that

“the ... 133-year level of protection would still be a most acceptable
level of protection" and that"... the additional work and cost involved
do not warrant the relatively small degree of additional protection...”
between the 133-year and 150-year flood levels. Thus, based on the
optimization and sensitivity analysis, consideration of the impact

of a SPF levee failure, and views of the City, a 133-year degree

of protection is selected as the appropriate level for project

designs and estimates.
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THE SELECTED PLAN

This section of the report describes the plan of improvement as
selected 1n the previous sectiun on plan formulation. In addi-
tion to the basic plan description, all meaningful effects, both
beneficial and adverse, are identified and discussed. Pertinent
information concerning design, construction, and operation and
maintenance is also presented to provide the reader with a broader

understanding of the technical aspects involved in plan implcmenta-
tion.

PLAN DESCRIPTION

The plan of izprovement to provide additional measures to assure
effective operation of the ex:sting project and to provide pro-
tection to unprotected downstream reach urbanized development are
discussed separately for the upstream and downstream study reaches.
Also discu-~cd briefly are the proposed recreational facilities.

The general jlan of amprovement 1s shown on plates 1 and 2.

Upstream reach improvenents would consist of levees, channel im-
provements, a gabion channel drop structure, an overflow diversion
structure with attendant outlet channel and culvert works, road
raises, two temporary sandbag closures, minor interior drainage
works, relocation of structures and utilities, aesthetic treatment
measures, and management of residual flood plain areas in accordance
with adopted flood plain management regulations. Preservation of

the 71.1 acre area upstream of CSAH 7 as project floodway is required
to prevent encroachments in the area which would increase flood
stages with possible adverse effects to the right bank levee and !
impaired operation of the overflow works.
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Upstream reach levees would include a 2,260-foot long levee extending
along the left bank from the existing diversion structure to the
Burlington Northern Railroad embankment. Levee heights would

range from 4 to 7 feet for an average of 5 feet. A 1,660-foot

long levee with an average height of 4 feet would extend along the
left overbank from the proposed gabion control upstream to high
ground as shown on plate 1. The left bank levee would have a
10-foot top width and 1 on 3 side slopes except at the riverside
residences located just upstream of CSAH 7. At this location the
landward levee slope would be variable or warped as needed to blend
it into the adjacent setting.

Right bank levees would include a 6,350-foot long levee with an
average height of 5.5 feet extending from the existing diversion
structure upstream to the State Highway 23 embankment at the way-
side park. This levee would provide 2 feet of freeboard over the
SPF flood level to preclude overtopping of the levee during flows
exceeding the design flood level. Right bank levee works would also
include a short levee and road raise extending from the proposed
overflow diversion to high ground as shown on plate 1.

A 45-foot long temporary sandbag closure at the upstream

terminus of this levee would provide free-board to contain

the 133-year flood with 3 feet of freeboard. A 100-foot

long temporary sandbag closure would be provided as needed across
Highway 23 at the east end of the wayside park to prevent SPF
level flows from leaving the park area. Proposed channel im-
provements would include realignment of the channel for a distance
of about 500 feet to alleviate the sharp river bend just upstream
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of the (sain 7 bridge  Other channel works would include about
3,300 feet of channel widening dlang three river reaches to obtain
bottom widths ranging from 45 to Jo fect us required. Reshaping
and riprapping ot channel bends would be accomplished as shown on
plate | Reshaped hanned baneas ot miprapped would be topsoiled

and seeded Abandoned car bodies and other large Jebris would be

removed from the channel. Riprap would be placed over the entire
channel cross-section at the Usali 7 bridge tu protect the bridge
prers.

The proposed 54u-toot long overtflow diversion structure would divert
approximately ovne-halt the Redwood Kiver flood tlows in excess of
6,500 ¢ts {about 350 ¢fs at 1uU year flood tluw) into the Cottonwood
River basin via the diversion overflow channel A t-foot high
gabion channel control structure would be lucated 1mmediately down-
stream of the overfiow structure as shown on plate 1. This struc-
ture, together with the 1,6bu-toot contining left overbank levee

would insure proper river stage contrul vver the vverflow weir.

The proposed .,140-toot luny overtlow channel with required culvert
works through the Highway .3 embankment would carry the excess Red-
woad kiver oiverflows into the CLottonwoud basin. This channel, with
4 20-foot bottom width and side slopes ranging from 1 on 4 to 1 on
6 would accommodate up to 50U percent of the cxcess river flow over
6,50V cfs or a peak flow ot 1200 ¢fs at the desi1gn 133-year Redwood

River flood tlow

Required upstream reach interior drainage works would include the
flap-gating of two double culverts through the Burlington Northern
Railroad embankment, extension of a 36-i1nch highway roadside drainage

system through the right bank levee works, the placement of one
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gated and one ungated culvert through two driveways, and the re-
location of one driveway culvert. In addition, minor landscaping
measures would be accomplished at one right bank levee location to

eliminate a small natural ponding area.

The proposed channel works would involve the excavation of about
61,125 cubic yards of material. Of this amount, 44,590 cubic yards
would be utilized as levee fill. Two small left bank spoil areas
(.7 acres total) would accommodate about 4,520 cubic yards. The
remainir, 12,015¢ubic yards would be placed on the city-owned spoil
disposal area adjacent to the existing diversion channel for later

re-use.

The proposed upstream reavh flood contral improvements would require

the acquisition of an estimated 99.5 acres of land and temporary
construction easements at selected locations. Of these lands 71.1

acres would be flood plain lands located upstream of CSAH 7 and

acquired for project floodway purposes. Necessary relocations would
include the relocation of one house a short distance on the same
property, five utility poles, 550 feet of farm fencing and the temporary
relocation and replacement of 700 feet of buried utility cable. A

temporary by-pass would be constructed across the median to permit two-way

traffic on State Highway 23 during placement of the overflow channel cuilverts.

Proposed downstream reach improvements would include levee works,

channel widening, interior drainage measures, and proposed manage-
ment of residual flood plain areas as shown on plate 1. Required
levee works would include a 7,670-foot long levee with an average
height of about 5 feet extending from high ground near Highway 23 up-
strean to high ground near 5th Street and Hudson Avenue as shown on
plate 2. A 100-foot long temporary sandbag closure would be re-
quired at the County 67 levee crossing to provide a 3-foot freeboard
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over the 133 cear tiood leved Vi e cnded wenitd be g 450-foot
long levee ot 3 oot average height along the natursl channel

right bank gpstieam ot the downstivas Contlaence with the existing
diversion Shannel . An Bod toct Dunp oaee with an average height

af 3 rect wowid repbace anoox Sting aent Lhanned bank spoil levee

removed o thio et v o DL i o Howroon plate 1.
Froposed chatncd svre weald et s iy of the channel of the
right bund ondy tooaomoapmen botton wrn af s, feet for g distance

ot 1,350 teet extendin, doan ctrews o the daapstream contluence
of the exasting dnversion channed hitle oLl a. shown on plate 1.
Ihe reshaped channel bank would hue o ) on 3 ade slope and be
riprapped ats entire length to tnsure protection ot the adfacent

levee.

Proposed downstream anterior drainage works would consist ot a 7-
acre ponding drea, o 9,280-fout long cullector ditch along the toe

of the levee, and o Jd4-inch Jdiameter Jdrainage pipe together with

'
|
[
M

needed ocutlet control works at its junctron with County ditch 62,

Of the 54,100 cubic yards of material excavated trow the ponding
area and channcel works, 34,100 cubic cards would be used for levee
fill. An additional 9,400 cubiv vards would be used to regrade a
low areas long the levee as shownh on plate 1. the remaining spoil
would be pluced on vacant municipal property for later reuse by

local interests,

The proposed downstream measurcs would require an estimated 20.3
acres of land and temporary dccess easements to construction areas.
The channel and adjacent levee works would require relocation of

six utility poles.
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All levee crowns and levee and channel side slopes, and other dis-
turbed areas would be reseeded with grass species such as sweet
clover that provides cover for area wildlife. Trees and shrubs
would be planted at selected locations to enhance the project

area aesthetic setting. These plantings, together with the
irregular or warped landward levee slopes would help blend the

levees into the natural setting.

Proposed recreational improvements would include approximately §.2

miles of combined walking-biking trail with rest areas and trail head

facilities, and about 5.7 miles of cross-country ski trail. Local

interest would provide at their expense a total of 0.9 miles of connecting

trails prior to or concurrent with the construction of any authorized

trail improvements. Other measures would also include limited picnicking
facilities on project lands near Justice Park and the softball complex north

of State Highway 19. Other facilities to be provided by local interests

at their own expense would include development of a quiet area with

trails in the wooded area upstream of CSAH 7 and an improved canoe ,
access at the Highway 23 roadside park. Detailed discussion regarding ;
lands, management and cost-sharing responsibilities is given on
page 3 of this report and pages G-2, G-3, and G-34 in Section G of

Appendix 1. The proposed recreational facilities are shown on plate 2.

EVALUATED ACCOMPLISHMENTS

The principal accomplishment resulting from the selected plan of im-
provement would be the enhanced operation of the existing flood con-
trol project and the protection of unprotected downstream reach
development located immediately adjacent to the presently pro-

tected ares. The selected plan would provide a 133-year degree of flood
protection to the Marshall area. The proposed works would result in an
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85 percent reduction in averayge aunual tlood durages to new develop-
ment and signiticantly reduce the nced tfor the present and periodic
inefficient commitment of local material, fanancial and manpower
resources during wajur flood occuriences.  the alleviation of flood
damages would not only enhance tre area economy pat would 1mprove

the safety and well-being of the attected peeple and preserve intact
long established community patterns,  [he propo.cd recreational
facilities would partially satisty present and protected facility needs
in the Marshall arca. Thus, the ~clevted plae aco-mplishes the study

purpose and the desired improvement as cxpresscd by local interests,

EFFECT ON THE ENVIRCNMENT

The proposed dewnsticam reach works woaly provide protection to about
{ 85 acres of agricultural land adjacent to the citv. Protection from
' flooding would lLikely tacilitate the eventual conversion of this land
to residential develupment as this drea 1s presently zoned.A total of

! 9.8 acres ot Tand would be ceaverted to flood control uses. An add-

itional LoU ucres of vacant or agricultural land in the reach upstream l

. of the City would also be atfurded protection.  Frotection of these un-
developed lands 1s soley due to the selectior of the most cost-efficient
fluood barrier alignments. Under ex:sting conditions, the 205 acres of
undeveloped tlood plain lands can be developed in accordance with
State flood plawn management criteria by placement of fill to an
elevation of one toot above the l100-year tlood level.  The selected
project would not require fill for the development of this area.
However, 1t 1s recognized that the proposed alignment may accelerate

future development of this area.

Lonstruction of the proposed channel works would have adverse short-
term effects on stream water quality, fish, and aquatic biota via

increases in turbidity and sedimentation during and for a short time
! after construction. However, the stabilization of presently eroding
channel bank areas would in the long-term reduce turbidity and sedi-

mentation resulting in improved water quality. ‘
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The permanent loss of 4.2 acres of woodland would result in associated

population losses of small mammals and song birds. Increased noise
levels during construction would have unsettling effects on area
wildlife. The loss of about 30 mature shade trees at four residences
would result in adverse aesthetic impacts to the affected residences
and loss of cover to area song birds. The loss of grassy vegetation
along the reworked channel banks would also contribute to the permanent
loss of small mammal and song bird habitat. The acquisition and
designatjon of 71.1 acres of flood plain lands upstream of CSAH 7

as project floodway would preserve the natural characteristics of

that area and maintain wildlife habitat in its current state,.

The revegetation of all disturbed areas with cover species would

mitigate the ground cover losses. Tree and shrub plantings and

sculptured levee sections in the vicinity of affected residences

would aid in blending the levees into the adjoining topography

and setting. The proposed ::-vee and overflow structure in the ‘
park would result in marked aesthetic changes including a slight-

ly impaired view of the natural river setting. In effect, no

park area would be lost as the project features would be open to

park pedestrian traffic.

OTHER EFFECTS

Placement of the culverts throughout the State Highway 23 embank-
ment would inconvenience vehicular traffic for about a month.
Picnicking and other uses of the wayside park would effectively be
eliminated for about one summer season, due to increased noise
levels and movement of machinery. Similarly, two driveways would
be temporarily affected by road raises and movement of construction
equipment. Access to two farm properties would be permanently !
affected by the levee and channel works.
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The proposed works would require the relocation of one permanent
residence a short Jistance on the same property. Noise, dust and
pollutant levels would be noticeable during the construction pariod.
The proposed works would not require the displacement of any busines-
ses. In turn, they would enhance cummunity conesion, likely 1in-
crease protected property values und related tax benefits to the
community. Preservation of established community patterns would

help maintain Marshall's position as a regionally important trade

and farm service center.

DESIGN

Design of the remedial measures necessary to obtain effective oper-
ation of the existing project is based on the need for the maximum
practical deyree of protection and compatibility with State and local

flood piain management regulations.

The existing project is designed to pass a peak discharge of 6,500
cubic feet per second {(cfs; which uriginally had a recurrence inter-
val of about once i1n 114 years Inwever, revised frequency-discharge
relationships indicate that a flow of b,500 ¢fs now has an expected
recurrence interval of about once 1a 59 year.. Similarly, a flood
with a 1% chance of occurring in an given vear (100 year flood) is
estimated to huve a peak Jdischarge of 8,200 cfs. The hydraulic design
of the selected plan is based on providing protection against the 133-

year Redwood River flood flow,
Although the existing project was designed t:. pass a flood flow of

6,500 cfs, it was evident during the April 1969 flood (peak dis-
charge of 8,090 cfs) that the design flow was not able to reach the

A5
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existing project. Studies also indicate that, without the April
1969 emergency works,overflows over CSAH 7 that commence at a
Redwood River flow of about 3,500 cfs would have re-entered the
natural channel downstream of the existing diversion structure

and caused extensive damage. This zero damage discharge corres-
ponds to a flood frequency of once in about 16 years. Hydraulic
studies indicate that of the 8,200 cfs 1% chance flood flow, appro-
ximately 1,500 cfs would overflow the State Highway 23 embankment
in the vicinity of the wayside park. Approximately 1,090 cfs would
flow over CSAH 7 and re-enter the Redwood River downstream of the
existing diversion structure. The remaining 5,610 cfs reaching

the existing diversion project would combine downstream of Marshall
with the re-entering 1,090 cfs overbank flow to give a peak 100-
year downstream reach discharge of 6,700 cfs.

Hydraulic studies indicate that approximately one-half of the April
1969 flood .verflows would have entered the Cottonwood basin were
it not for the flood emergency measures undertaken. Thus, to not
aggravate either the Cottonwood basin flood problems or downstream
Redwood River flood problems over those presently experienced, the
design of the proposed overflow diversion structure is based on a
near-equal division of overflows for a peak 133-year overflow dis-

charge of approximately 1,260 cfs into the Cottonwood River basin.

Design of the re-shaped channel slopes and levee side slopes is
based on the need to prevent slope failure under both peak flood
and sudden draw-down conditions. Riprap bank and pier protection
is designed in accordance with Corps standards to withstand shear
forces created by peak channel velocities.

Structural designs were made in accordance with Corps design cri-

teria. Structural items include the culvert headwalls and gate well
for the ponding area discharge conduit.
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CONSTRUCT TUN

Lonstruction ot the project would be accomplished 1n two construction
seasons Required levee fill would be obtained from the channel

and pondin; arca excavatioun fopsuil, stripped trom channel bank,
ponding area, and levee foundations would be stockpiled for later
replacement over disturbed areas Additiona; topsotl needs would

be met from local sources  Riprap would be obtained from the estab-
lished quarry at Granite talls, Minnesota  Bedding and other ag-
gregate would be obtained trom local suppliers Concrete and other
culvert needs can easily be met trom regional sources. (nlvert flap-
gates and assoclated hardware would lihely be obtained through sup-

pliers 1n the Minneapoli1s-$t. Paul area

The construction works would be closely monitored to minimize stream,
air, and noise pollution  Applicable guide specifications on environ-
mental protection would be incorporated in any project plans and
specifications to minimize pollution  These provisions would in-
clude landscape protection, debris burning, erosion control, dust

and noise control, and discharges into streams Plans and specifi-
cations will also include the specific type, size, and mix of ground
cover, trees, and shrubs required for the project Also included
will be the identification and proper disposition of any buried
artifacts uncovered during construction. Government inspectors would
be present to monitor construction, and adherence to environmental

protection and other project specifications
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OPERATION AND MAINTENANCE

Operation of the project during a flood emergency would include

erection of two temporary sandbag closures (three for an SPF level flood)
and operation of the gated control structure at the outlet of the ponding
area. Maintenance of the project would include mowing of designated levee,
ditch, and channel areas; riprap adjustments or replacements; repair of any
severely eroded channel bank areas; periodic inspection of culverts

and flapgates; and periodic removal of collected sediment, debris,

etc. from the overflow channel, collector ditch and pondiny area. Also
included would be the maintenance of the proposed recreational facilities.
Required mowing would be timed so that the ground cover would be of

maximum benefit to wildlife.

ECONOMICS OF THE SELECTED PLAN

This section of the report presents the economic aspects of the se-
lected plan for tl.e City of Marshall. Included are pertinent de-
tails of the flood damage evaluation, benefit analysis, cost esti-
mates and project justification.

METHODOLOGY

To determine the economic justification of the proposed project, the
merits of the upstreas remedial measures and downstream reach mea-
sures to protect new development were evaluated separately. Pro-
posed upstream and downstream reach measures were justified on the
basis of related annual benefits exceeding annusl project costs.

For the proposed development, a comparison of incremental average
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annual costs (interest, amortization, operatiovrn and maintenance)
with estimated average annual benefits is made over the projec*
li1fe of the project. Project benetits are  iscounted using a 6 7/8
percent interest rate and a 50-year economic lite. All costs and
benetits are based on October 1977 price levels. The base year
used since the beginning of this feasibility study is 1980. A more
realistic base year would now be about 1985, However, use of 1985
as the base vear would not result in a change sufficient to warrant

reformulation or revised scale of development studics.

FLOOD DAMAGES

The areas subject to tlooding include scattered residential, agri-
cultural, and vacant la.ds in the upstream 1cach, nearly 300 acres
of the highly developed central portion of the city, and agricultur-
al, residential, public (mostly Southwest State Lollege), and com-
mercial property. Principal flood damages incurred include innun-
dation damage to single and multiple tamily residential structures;
the college buildings, equipment and grounds; damages to sewers,
streets, and other utilities; and emergency flood fight, supporting
disaster relief, and cleanup costs Intangible damages include
hazards to public health and safety, commnity disruption, and human
suffering and insecurity during major flood periods Remaining
present condition flood damages with the existing project are es-

timated at $352,685 at October 1977 price levels.

BENEFITS

The principal benefits trom flood damage reduction were evaluated
as the reduction in flood damages due to obtaining a 133-year degree
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of protection from the existing project together with needed re-
medial measures and the difference in flood damages to unpro-
tected development with and without the proposed project. Residen-
tial, public, and commercial benefits were computed based on 1980
base year conditions with appropriate discounted allowances for

future damage growth. In addition to the flood damage reduction
benefits, significant flood proofing cost savings benefits would be

obtained with the conversion of 68 acres of agricultural land with more
intensive single and multiple-family residential development. Also, substan-
tial benefits attributable to expected use of the proposed recrea-

tion facilities would be realized. Average annual project benefits
attributable to protection of new unprotected development and in-

creas>d locational advantages are summarized in the following table.

Table 3 - Average Annual Benefits

Benefit Category Amount
Flood damage reduction -- Remedial measures $ 204,570
-- Downstream reach 58,610 ;
Future growth to 2030 24,410
Flood Proofing Cost Savings Benefits 11,110 :
Recreation benefits 43,130 ;
Total $ 341,830

FIRST COSTS

The total estimated first cost of $2,504,000 for the project is

based on October 1977 price levels for similar work in the area and
is susmarized in the following table.
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Table 4 - Estimated Project Costs

Item Cost

Channel works $ 738,600
Levees 171,800
Overflow works 418,200
Interior drainage 184,000
Relocations 52,400
Lands and damages 211,600
Recreation facilities 385,600
Engineering and Design 195,000
Supervision and Administration 146,800
‘ TOTAL FIRST COST $2,504,000

ANNUAL COSTS

The annual costs of the interest, amortization, operation, and main-
tenance for the proposed project are $187,590 as shown in the follow-

ing table.
Table S - Annual Costs .
Item Cost
Interest and Amortization $ 178,59
Operation and Maintenance 9,000

Total Annual Costs $ 187,590

e N
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JUSTIFICATION

The proposed remedial measures to insure effective operation of the
existing project to provide a 133-year degree of protection are
justified in that the average annual flood damage reduction benefits
exceed related average annual costs. Similarly, proposed down-
stream works to protect recent unprotected development are incre-
mentally justified as shown in table 6 below. The figures given

in the table represent direct tangible values only and are display-

ed for the National Economic Development (NED) account.

Table 6 - Summary of Economic Analyses

Item Amount
Average annual benefits - upstream reach $ 221,730 ‘
remedial works

- downstream reach - 76,970
- recreational facilities 43,130

Average annual costs - remedial works 124,620 -
- downstream reach 28,680
- Tecreational facilities 34,290

Incremental benefit-

cost ratio - remedial works 1.8 \

- downstream reach 2.7 ;
- recreation 1.3

Benefit-cost ratio - total flood control¥ 1.9

-lfgxcxuding recreation costs and benefits.

———— — e .
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DIVISION OF PLAN RESPONSIBILITIES

The purpose of this section is to present pertinent information re-

garding cost apportionment between Federal and non-Federal interests.
COST ALLOCATION AND APPORTIONMENT

Cost allocation among project purposes is not considered warranted
for the proposed project since the proposed recreation works are
limited in scope and represent a relatively small portion of the
project costs and benefits. Project costs are apportioned between
Federal and non-Federal interests under both existing legislation and

the President's proposed cost-sharing policies as shown in Table 7.

FEDERAL RESPONSIBILITIES

The Federal Government will design and construct the various features
of the proposed works. The work charged as a Federal cost includes
that for levees, channel works, the overflow diversion works, inter-
ior drainage works, aesthetic mitigation measures, and one-half the
construction cost of the proposed recreation facilities. The Federal
Government also assumes the cost of this study. The total Federal
first cost, excluding costs of this study, is estimated at $2,008,800
based on existing cost-sharing legislation. However, applying the
President's proposed cost-sharing policies would result in a total
Federal first cost of $1,745,100.

NON-FEDERAL RESPONSIBILITIES

Non-Federal interests must meet all elements of local cooperation l

which includes the assurance that they will: ‘
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Provide, without cost to the United States all lands, ease-
ments, and rights-of-way including suitable areas for borrow
and disposal of excavated material as determined by the Chief
of Engineers for construction, operation and maintenance of
the project.

Hold and save the United States free from damages that may
result from construction and maintenance of the project, not
including damages which are due to the fault or negligence

of the United States or its contractors.

Maintain and operate the project after completion 1in accordance
with regulations prescribed by the Chief of Engineers
Accomplish without cost to the United States all relocations
and alterations of buildings (except nonstructural measures),
transportation facilities, storm and sanitary sewer systems,
public and private utilities, local betterments, drainage fa-
cilities, and other structures and improvements made necessary
by construction of the recommended plan, as determined by the
Chief of Engineers, excluding facilicies necessary for the
normal interception and disposal of local interior drainage

at the line of protection.

Prescribe and enforce regulations to prevent obstructions or
encroachment on channels, floodway areas, and ponding areas
which would reduce their flood-carrying capacity or hinder
maintenance and operation.

Provide a cash contribution for recreation equal to 50 percent
of the final separable cost sllocated to this function less a
credit for the value of lands, easements, rights-of-way, alter-
ations, and relocations furnished therefor.
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g. Publicize floodplain information in the areas concerned and
provide this information to zoning and other regulatory agen-
cies for their guidance and leadership in preventing unwise
future development in the floodplain and in adopting such
regulations as may be necessary to insure compatibility be-
tween future development and protection levels provided by
the project

h. In acquiring lands, easements, and rights-of-way for construc-
tion of the project, the local sponsor will comply with the
applicable provisions of the "Uniform Relocation Assistance
and Real Property Acquisition Policies Act of 1970,'" Public
Lar 91-646, approved 2 January 1971.

1. At least annually inform affected interests regarding the lim-

itations of the protection afforded by the project.

Under existing cost-sharing legislation, the total non-Federal

first cost is estimated at $495,200 (see local cooperation items

a, d, and f above and table 7.) Applying the President's proposed
cost-sharing policy would require non-Federal interests to contribute
20 percent of the project first costs assigned t~ flood damage preven-
tion and 50 percent of the separable cost for construction of
recreational facilities (see item f above) plus require the State of
Minnesota to contribute 5 percent of the total first costs of
construction. Thus, the President's cost-sharing policy would

result in total combined non-Federal first costs estimated at
$758,900 (see table 7). Under both existing cost-sharing legislation
and the President's cost-sharing policy, non-Federal interests

would be required to satisfy local cooperation items b and ¢ above,
with item ¢ estimated to result in $9,000 annual operation and
maintenance cost.

55

- ———n — e -




o

e Al e

Table 7 - Apportionment of first costs among interests
Non-Federal
ltem Federal State City Total

Based on existing cost-sharing legislation:

Lands - - $211,600 $211,600
Relocations - - 52,400 52,400
Channels $738,000 - - 738,600
Levees 171,800 - - 171,800
Overflow works 418,200 - - 418,200
Interior drainage 184,000 - - 184,000
Recreation facilities 192,800 - 192,800 385,600

Engineering, administration 303,400 - 38,400(1) 341,800

Total (existing legislation) 2,008,800 - 495,200 2,504,000
Based on President's proposed cost-sharing policy:

Flood damage prevention $1,332,500 $88,800 $355,300 $1,776,600

Recreational facilities 173,500 19,300 192,800 385,600
Engineering, administration 239,100 17,100(2) 85,600(3) 341,800
Total (President's Policy) 1,745,100 125,200 633,700 2,504,000

(1) Includes 50 percent of the scparable Engineering, Administration (E,A)
cost ($28,800) and 100 percent separable E,A relocations cost ($9,600).

(2) Includes 5 percent of total E,A.

(3) Includes 20 percent of flood damage prevention E,A, cost ($56,800) and
50 percent of recreational facility E,A cost ($28,800).
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PLAN IMPLEMENTATION

Once a plan of improvement under the Section 216 authority has been
found fecasible and acceptable to local interests, the procedure

necessary for its implementation involves the following steps:

0 The fcasibility report on the plan and accompanying environ-
ment impact statement would be reviewed by such higher autho-
rities as the Division Fngineer, North Central, the Board of
Fngineers for Rivers and Harbors and the Office of the Chief

of Engineers.

o The Chief of Engineers would seek formal review and comment

by the Governor of Minnesota and intcrested Federal agencies.

o Upon approval by the Chief of Engincers, the report is trans-
mitted through the Secretary of the Army to the Congress for
final review, authorization and appropriation of neceded fund-
ing.

o Upon receipt of project funding, the District Engineer is
directed to commence detailed planning studies and an estimate

of cost.

o Upon completion of the detailed planning studies and subsequent
review and approval by higher Corps authority, the District
Engineer would be directed to prepare detailed designs and

specifications and an estimate of project costs.

o Concurrently with this detailed planning, the City of Marshall
would proceed with acquisition of needed rights-of-way. The
City also would enter into a local cooperation agreement with

the Federal government.
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o Upon completion of plans and specifications, the project would

be advertised for competitive bidding by private contractors.

o After award of the contract to the lowest capable bidder, it is
estimated that the project could be completed in two construc-

tion seasons.

o Upon completion of the project, local interests would commence

project operation and maintenance

VIEWS OF NON-FEDERAL INTERESTS

Non-Federal interests coordinated with in the formulation of the
¢ selected plan included:

The City of Marshall

Lyon County Highway Department

Lyon County Historical Society

Minnesota Department of Natural Resources
Minnesota Pollution Control Agency
Minnesota Highway Department

State Historic Preservation Officer
Minnesota State Historical Society

Lyon County Board of Commissioners

0O © 0 0o 0 06 0 0o o ©

Burlington Northern Railroad

Statements or resolutions expressing the views and recommendations
of these interests are contained in Appendix II.

The proposed upstream and downstream reach flood control improve-
ments were considered by Marshall City Council at meetings held at

.a - eg g ra " -




Marshall on 3 March and 20 October 1975 respectively. These meet-
ings were open to and attended by the interested public. A public
meeting was held at Marshall on 2 February 1977 to discuss the pro-
posed plan of improvement and receive the public's views and comments
related to the plan. A copy of the meeting transcript and related

correspondence is contained in Appendix II, Pertinent Correspondence.

A meeting was held with City officials on 2 March 1978 to review
revised study findings based on a review of the draft report by
higher Corps authority. On 2 April 1979, a meeting was held with
City officials and interested members of the public to discuss
additional studies of alternative flood barrier alignments made in
response to the President's Executive Orders 11988 and 11990.

Upon conclusion of these discussions, the Marshall City Council
adopted resolutions supporting the proposed flood plain management
and recreation measures and indicating the City's willingness and
intent to provide needed assurances of local cooperation when and

as required.

REVIEW BY OTHER FEDERAL AGENCIES

Federal agencies involved either in the formulation or review of the

selected plan were:

o Department of Agriculture - Soil Conservation Service
o U.S. Environmental Protection Agency
o Department of the Interior - National Park Service

- Fish and Wildlife Service
- Bureau of Outdoor Recreation.

The draft report with accompanying environmental impact statement
was circulated for comment among the various Federal agencies. ‘
Statements received from these agencies are included in Appendix II.
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SUMMARY

The City of Marshall and immediately adjacent flood plain reaches
are subject to recurrent flooding of the Redwood River and related
property damages even with the existing flood control project. The
April 1979 flood clearly showed that natural conditions immediately
upstream and downstream of the project were such that the design
floodwaters could not be conveyed into or away from the project.
This same flood also showed that substantial flood plain devel-
opment in the downstream reach remains unprotected under existing

conditions.

In addition to a "no further public action plan'", nine possible sol-
utions to the flood problem were analyzed. From this analysis and
the demonstrated interest by the City of Marshall, it is concluded
that the only feasible and acceptable plan for obtaining effective l
operation of the existing project and reducing flood damages to
unprotected downstream reach development is the selected plan. This
plan provides for channel works, levees, and overflow-diversion works
to permit controlled passage of excess Redwood River flood overflcws
into the Cottonwood River basin. The project works would provide

a 133-year degree of protection with generally three feet of all.wable
levee freeboard. Two feet of freeboard over the SPF flood level

would be provided along the right bank levee upstream of the existing
diversion structure to prevent SPF flows from overtopping the levee
and entering the city.

The selected plan also provides locally desired recreational facil-
ities, including bicycling and cross-country ski trails and limited
picnicking facilities. Locsl interests would provide 0.9 miles of

connecting trails at their expense prior to or concurrent with
construction of any authorized improvements. Other recreational works,
if desired by locsl interests and constructed at their expense,

B~ —— e -
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would 1nclude nature, educational and quiet areas upstream of

CSAH 7 and canoe access at the Highway 23 wayside park.

Natural resources to be committ~d in construction of the project
would include approximately 119.8 acres of land including 71.1
acres of land for project floodway purposes. Of the 48.7 acres of
land required for project construction, 4.2 acres are forested,
16.3 acres are in agricultural use, with the remainder as open

space or vacant land.

Social and economic benefits of the project would include an in-
creased and cxpanded level of flood protection, the enhancement of
former flood plain lands, enhanced public security and well-being,
the preservation of desirable community patterns, and the near
elimination of the need for inefficient commitment of local resources
for flood emergency activities. The proposed recreation works would
partially satisfy unmet demands for recreational opportunities in

the Marshall area.

The remedial measures required to obtain effective operation of the
existing project are economically justified. The total project

first cost is estimated at $2,504,000. Protection of unprotected
downstream reach development is incrementally justified with a
benefit-cost ratio of 2.7 to 1. The upstream reach remedial measures

are also justified as indicated by a 1.8 benefit-cost-ratio.

The non-Federal first cost under existing cost-sharing legislation is
estimated at $495,200. Construction of the project could be

completed by the United States in two construction seasons dependent
upon the availability of necessary funds, completion of plans and
specifications, and receipt of non-Federal assurances of participation.
Following construction, operation and maintenance of the project

would be the responsibility of the City of Harshall.
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EXECUTIVE ORDERS 11988 and 11990

Additional alternatives providing flood protection to the City of
Marshall were prepared in response to E.0. 11988 and 11990 concerning
flood plain development and the protection of wetlands. Analysis of
the alternatives determined that they did not constitute "practicable"
alternatives (as defined by the Executive Orders), nor do they
preclude development in the flood plain. In addition, the selected
plan generally meets the requirements in the President's 1980

budget criteria pertaining to flood plain development and wetiand
protection. A detailed description and evaluation of the alternatives

is presented in Appendix 1, Section J.
SECTION 404 REQUIREMENTS

A public notice outlining the proposed flood control plans
involving dredging and filling, in the Redwood River at Marshall ‘
was issued on 28 February. The notice summarized the expected
significant en.ironmental cffects and offered any interested
person opportunity to request a public hearing in accordance
with Section 404(b) of the Federal Water Pollution Control Act
Amendments of 1972. Comments on the public notice are attached

to Appendix 2. comments opposing the Corps of Engineers

i e o

project and requests for a public hearing were received.
The proposed project would comply with the requirements of Section 404
as described in this report and the accompanying revised draft E1S.

- -
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STATEMENT OF FINDINGS

1 have reviewed and evaluated, in light of the overall public in-
terest, the documents concerning the proposed action and the stated
views of other interested agencies and the concerned public,
relative to the various practical alternatives considered to in-
sure effective operation of the existing flood control project and

protect additional flood-prone development at Marshall, Minnesota.

The possible consequences of these alternatives have been studied
for environmental, social well-being, and economic effects (includ-
ing regional and national economic development as appropriate) and

engineering feasibility.
BACKGROUND

Authority for the proposed plan is provided in section 216 of the
1970 River and Harbor Act.

Marshall, Minnesota, with a 1970 population of 9,886 persons, is
subject to flood damages from overflows of the Redwood River.
Marshall and Lyon County, of which Marshall is the county seat, re-
quested in letters dated 3 July 1972 and 6 June 1972, respectively,
that a study be made to determine what improvements can be made to
increase the efficiency of the existing flood control project and
provide additional protection.

The existing flood control project at Marshall was constructed by
the Federsl Government in 1963 at an estimated first cost of
$2,953,000 (1963 dollars). The project was designed to provide
protection against a flood with an expected recurrence interval of
once in about 114 years (0.88 - percent chance flood). However,
as experienced during the April 1969 flood, this original level of
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protection now represents only a S59-year degree of protection
(1.69-percent chance flood). This reduced level of protection is
mainly caused by inadequate flow capacity of the natursl channel
upstream and downstream of Marshall. Only a major local flood fight
during the April 1969 flood prevented extensive damages to the city.
However, Redwood River overflows into the Cottonwood River basin

and the emergency flood fight activities resulted in moderate dam-
ages to some area farms, local highways, and other property.

Since the existing project was completed in 1963, considerable de-
velopment has occurred on the flood plain immediately downstream of
the project. The majority of this development, generally consisting
of the Southwest State College at Marshall and student and other
local housing, is not protected by the existing project. Without
emergency flood barriers, this development would have been exten-
sively damaged during the April 1969 flood.

Several meetings in support of this study were held in the city to
obtain local views on city flood problems and needs. Two meetings,
open to and attended by the public, were held on 3 March 1975 and
20 October 1975 to obtain the city's views on upstream and down-
stream reach alternatives, respectively. A late-stage meet-

ing was held at Marshall in February 1977 to obtain local views on
the selected plan, On 2 March 1978 a meeting was held with City
officials to discuss revised study findings. On 2 April 1979,
another meeting was held with City officials and interested members
of the public to discuss additional studies of alternative flood
barrier alignments made in response to Executive Orders 11988 and 11990.

ALTERNATIVES

Alternatives considered included no further pudblic action, permsnent
evacustion of the flood plain, partisl evacuation and flood proofing,
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upstream reservoir storage, channel modifications, levee works, and
combinations of non-structural measures. The no further public
action alternative represents the 'without" project condition against

which the impacts of all other alternatives are compared.

Except for flood plain management measures in conjunction with struc-
tural measures, none of the non-structural alternatives provide a
viable, economically justified, or locally acceptable solution.
Permanent flood plain evacuation would reduce most damages to unpro-
tected development but would result in severe dislocations of es-
tablished community patterns and severe adverse long-term effects

to the State college. Partial evacuation and flood proofing would
minimize the adverse effects to the college but still result in the
locally unacceptable rearrangement of area housing patterns and

other dislocations of established transportation and development.

Adequate upstream reservoir storage capacity is severely limited.
One possible site exists in Camden State Park about 8 miles upstream
of Marshall. A reservoir in the park would cause severe environ-
mental losses and significantly change the use of the park. It
would also be unacceptable to the State and local interests and is
not economically justified. Tributary storage would, in total, re-
sult in probable major environmental losses and be technically and
economically infeasible.

Several combination of levees were considered. A combination of
upstresm and downstream levees with channel modifications, overflow
diversion, interior drainage works, aesthetic measures, and necessary
relocations would insure the effective operation of the existing
project and provide protection to additional areas. A comparison of
estimated average annual benefits of $157,500 with average annual
costs of $148,500 results in a benefit-cost ratio of 1.1.

Other measures for the upstresa reach were considered including a
perimeter levee around a 10-acre river meander ares, an alternative
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channel cutoff across the meander area to improve flow efficiency,

a floodwater bypass channel, and raising of CSAH 7 and Highway 23 to
provide temporary floodwater storage. None of these variations were
recommended as they proved to be either impractical, uneconomical, or
locally unacceptable or would cause unacceptable adverse environmental

effects.

0Of the other downstream reach structural measures considered, a
combined highway-levee plan would be practical, feasible, and have
only slightly more adverse environmental impacts than the other
plans considered. However, the uncertainty as to the timing of
4 local completion of required designs and availability of local
! funding precluded recommendation of the plan at this time. If
these problems could be resolved before construction of the flood
i control works, the Chief of Engineers could permit construction of
| a joint highway-levee project. In any case, the selected plan
would not foreclose the future and efficient combination of a l

highway with the downstream reach levee.

Various combinations of channel measures including widening, bank
protection, and a channel cutoff were considered for the downstream N
reach, Other than 1,500 feet of channel widening to reduce slight
upstream stage increases resulting from the upstream works and
selected widening at bends and along a 1,000-foot reach upstream

of the proposed overflow diversion structure, none of these measures
had sufficient merit to warrant incorporation in the selected plan.

THE SELECTED PLAN

The selected plan consists of structural flood plain management
measures along the river reaches upstream and downstream of the
existing flood control project at Marshsll. Upstream works would
(T) generally consist of a 2,260-foot long levee along the north (left)
- bank and & 6,350-foot long levee with a temporary sandbag closure along ,

T A o 1 B et Sr MRS L3 L7
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tine south (right) bank. The north and south bank levees would start
at the upstream end of the existing project (existing diversion
structure at river mile 70.2) and extend to high ground at the Bur-
lington Northern Railroad and State Highway 23 embankments, re-
sepctively. Other upstream improvements would include channel
widening, riprap pier protection at the CSAH (County State Aid High-
way} 7 bridge, an overflow diversion at the State Highway 23 wayside
park with attendant 2,140-foot long overflow channel to control
flood overflows into the Cottonwood River basin, interior drainage

works, aesthetic measures, and necessary relocations.

Required dowrstream improvements would consist of a 7,670-foot long
levee extending from high ground near the State Highway 23 embank-
ment east of the city upstream to high ground in the vicinity of
North 5th Street and Kossuth Avenue. For the most part, this levee
would follow the alignment of a proposed highway under joint con-
sideration by the city and Lyon County. If later desired, the high-
way could incorporate the levee embankment or be constructed adja-
cent to it. Other downstream reach levee works would include a tem-
porary sandbag closure, a 450-foot foot long levee along the natural
channel south bank just upstream of the downstream confluence of
the natural channel and existing project diversion channel. An 860-
foot long levee about 2 feet high would bridge a low channel bank
reach along the natural channel. The river channel immediately
downstream of the downstream confluence would be widened to a 35-foot
bottom width (an additional 5 feet) for a distance of about 1,500
feet.

Riprap bank protection would protect the widened channel bank and
adjacent levee from erosion and possible damage. Related downstream
interior drainage works would include a 7-acre ponding area with
attendant collector ditch and outlet works. Six utility poles would
be relocated along the 860-foot levee alignment.
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The residual flood plain along both project reaches would be man-
aged in accordance with existing city flood plain management reg-
ulations. Principal areas to be managed include the 71.l-acre
floodway area upstream of CSAH 7, an 18-acre area along the north
channel bank immediately upstream of the downstream confluence of
the existing diversion channel, and the entire remaining flood plain

riverward of the proposed downstream reach levee.

The proposed project would also provide for much needed recreation
facilities. Initial facilities would include a 5,2-mile bike-walking
trail and a 5.7-mile cross-country ski trail, trail head improve-
ments, a rest stop at the existing softball complex, and limited
picnicking facilities at Justice Park. Additional improvements that
would be provided by local interests include a nature education and
quiet areas in the wooded river corridor upstream of CSAH 7 and

a canoe access at the State Highway 23 wayside park.

The proposed structural flood plain management measures would insure ‘
effective operation of the existing project and provide protection
to presently unprotected downstream reach developments against a
Redwood River flood having a 0.75-percent chance of occurring in

any given year (133-year flood). The project would be constructed
by the Federal Government at an estimated Federal first cost of
$2,008,800 and a non-Federal first cost of $495,200. The project
would then be turned over to the City of Marshall for operation

arnd maintenance in accordance with the required assurances of local
cooperation. Annual coperation, maintenance and equipmenc costs are
estimated at $9,000.

EVALUATION OF THE SELECTED PLAN

e e e

Engineering Considerations Of the alternatives considered for
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‘ the upstream reach, the combined levee-channel plan has proved to
be the best method of solving the problem. The overflow structure
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and attendant outlet channel in particular are considerd effec-
tive in controlling the damaging overflows into the adjacent
Cottonwood River basin. The proposed plan represents the most
logical solution evaluated on the basis of obtaining effective
operation of the existing inefficient project, engincering feasi-
bility, local acceptablility, and environmental effects. Total
Federal and non-Federal first costs under existing cost-sharing
legislation are estimated at $2,008,800 and $495,200 respectively,
A comparison of estimated average annual benefits of $341,830
with average annual costs of $187,590 results in a benefit-cost

ratio of 1.8.

Similarly, of the plans considered for the downstream reach, the
selected plan proves to be the most effective method for improv-
ing the operation of the existing project and protecting additional
development. The plan provides effective protection from the 0.75-
percent chance (133-year) flood and maintains the possiblity of a
combined levee-highway during or at any time after construction.
Thus, this portion of the overall plan also represents the most
efficient plan in terms of economic benefits, technical feasibility

and environmental effects.

Environmental Considerations An estimated 119.8 acres of land, in-

cluding 41.0 acres of wooded land and 32.0 acres of tilled cropland,
would be required for the project. The conversion of 4.2 acres of
wooded land and 28.2 acres of undeveloped lands is expected to have
adverse effects on small mammal communities in the area. The

channel widening and bank protection measures would have at lesast
short-term adverse effects on project areas, small mammals, amphibians,
the limited area stream fishery, and other aquatic fauna. Msny

of these biological communities can be expected to begin repopulating
the ares once the construction activity ceases. The regular main-
tenance of the project, such as mowing of levees, will permanently
suppress species that formerly occupied such areas. Although channel Gi’
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excavation and bank protection works would markedly affect stream
water quality during and shortly after construction, the long-term
impact of these works is expected to be beneficial in terms of
reduced erosion, sedimentation, and turbidity. The loss of mature
shade trees and impaimment of the river view at riverside residences
would be a long-term adverse effect. Recreational trail use would
result in a long-term change in the physical setting and increased
noise levels during the summer at one riverside residence adjacent
to the trail.

The proposed acquisition of 71.1 acres of flood plain lands for

floodway purposes would provide a long-term beneficial impact in

preserving the natural area from future encroachments. Aesthetic and

wildlife habitat losses would be minimized by reseeding all disturbed

areas with selected grass species and replacing lost residential

trees with similar but smaller species at selected locations. ‘
The proposed works are considered to provide a balance between adverse

environmental impacts and need for effective flood damage reduction

at Marshall.

EXECUTIVE ORDERS 11988 and 11990 CONSIDERATIONS

The selected levee alignments make use of existing high ground,

are economical and engineeringly efficient levee alignments,

However, the selected levee alignments protect 205 acres of flood
plain presently in sgricultural use. In response to Executive Orders
11988 and 11990 concerning flood plain development &nd wetlands
protection, slternate levee alignments were developed for both the
upstream and downstream reaches of the project. Analysis of the
alternate levee alignments determined that they did not constitute
“practicable alternatives (as defined by the Executive Orders) nor
did they preclude development in the flood plain. In addition, the
selected levee alignment generally fulfills the requirements from
the President's 1980 budget criteria concerning flood plain development.
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The selected and altermative levee alignments would have similar
effects on the natural and beneficial values of the flood plain.

The selected levee alignments may however, accelerate future develop-
ment in the flood plain by eliminating fill requirements needed

under existing conditions to meet State flood plain management criteria.
The alternate levee alignments would approximately double the fill
requirements necessar. for development under existing conditions,

which may discourage or retard future flocd plain development.
OTHER

Two feet of freeboard over the SPF flood levee would be provided along
the right bank levee upstream of the existing diversion structure

to confine flood flows exceeding the 133-year design level between
the levee and the Burlington Northern Railroad embankment. Thus,

the impact of floods on human safety with the proposed project would

not be a major concern.

The overall study, draft report, Environmental Impact Statement, and
public notices were coordinated with Federal, State, regional and

local interests and groups. Appendix II of this report and Section 9.0
of the Revised Draft Environmental Impact Statement contain correspond-
ence from the various concerned groups and interests, as well as

the responses to their comments.

CONCLUSION

I find that:

a. The action proposed in the recommendations section of this
report is based on a thorough analysis and evaluation of various
practicable alternative courses of action for achieving the stated
objectives.

b. Wherever unavoidable adverse effects are found to be involved,
they cannot be avoided by reasonable alternative courses of action

7
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which would achieve the congressionally specified project purpose.

c¢. Where the proposed action results in an adverse effect,
this effect is either minimized or substantially outweighed by

other considerations of national policy.

d. The fill sites for the Marshall project have been evaluated
and found in compliance with the Section 404(b) (1) Guidelines.

e. The selected project is in compliance with Executive Orders
11988 and 11990,

f. The selected alignment was coordinated and reviewed by
the Minnesota Department of Natural Resources and found to be
acceptable.

Accordingly, it is my decision that the public interest would be : ‘
best served by implementation of the recommended action. Also, this
plan is acceptable to the city of Marshall and the other agencies

and interests associated with this study.
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RECOMMENDATION

I recommend that the United States provide additional flood damage
reduction measurcs and related recreational improvements at Marshall,
Minnesota, generally in accordance with the plan proposed herein, with
such modifications thereof as in the discretion of the Chief of Engi-
neers may be advisable. The President in his June 1978 water policy
message to Congress, proposed several changes in cost-sharing for
water resources piojects to allow States to participate more actively
in project implementation decisions and to equalize cost-sharing between
structural and nonstructural flood damage prevention projects. These
changes include a cash contribution from benefiting States of S percent
of the first costs of construction assigned to nonvendible project
purposes. Application of this policy to the Marshell project would
require the State of Minnesota to contribute an estima‘«d $§125,200 in
cash (5 percent of $2,504,000 total estimated project first costs of
construction assigned to nonvendible project purposes based on October

1977 price levels).

The president also proposed that the present cost-sharing require-
ments for flood damage prevention projects be modified to require a
cash or in-kind contribution equal to 20 percent of the project first
costs assigned to flood damage prevention benefits. Application of
this policy to the Marshall project would require that non-Federal
interests make, in addition to the >tate contribution, as a :ash or
in-kind contribution of an estimated $412,100 (20 percent of the total
project first costs of construction - separable costs assigned to
recreation). Also, non-Federal interests will be required to pay,
zontribute in kind or repsy, with interest, 50 percent of the separsble
cost for construction of recreational facilities, in sccordance with
the Federal Water Project Recrestion Act of 1965. The amount involved
is presently estimated at $221,600. In addition, non-Federal interests
will be required to provide assurances satisfactory to the Secretary of
the Ammy that they will:
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a. Hold and save the United States free fc.u. damages that may
result from construction and maintenance of the project, not including
damages which are due to the fault or negligence of the United States
or 1ts contractors.

b. Maintain and operate the project after completion in accord-

ance with regulations prescribed by the Chief of Engineers.

The combined non-Federal share of project costs is currently
estimated to be $758,900 of total first vost and $9,000 annual operat:on
and maintenance cost. 1| recommend construction authorization for the
Marshall project in accordance with the President's proposed cost-sharing

policy.

WILLIAM W, BADGER
Colonel, Corps of Engineers
District Engineer

sr
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15 0Ci1979
NCDPD-FI (Jure 1979) 1lst Ind
SUBJFCT: R dwood River at Marshall, Minnesota, Feasibility Report
for Flood Control

DA, North Central Division, Corps of Enginrers, 536 S. Clark St.,
Chicago, lllinois 60605

TO: HQDA (DAEN-CWP-C), WASH DC 20314

I concur in the analysis and recommendations of the District Enginecr.

’¢
ICHARD

Major General, USA
Division Engincer
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SECTION A

THE STUDY AND REPORT

1. This section presents a discussion of study purpose and au-
thority, scope of study, study participants and coordination and
prior studies and reports on the same subject. It also includes
a short discussion on the relationship of this technical report

to the main report.

PURPOSE AND AUTHORITY

2. Flooding of the Redwood River at Marshall has been a severe
burden on the community. In 1963, permanent flood control works
including channel improvements, levee works, and a channel diver-
sion were constructed by the Federal government to reduce the re-
curring flood damages. The subsequent 1969 flood, however, demon-
strated very clearly that the project would not convey the design
flood through Marshall in the manner prescribed in the original
project document and design memorandum.

3. Authority for this study is provided for in section 216 of

the River and Harbor Act of 1970. This section of the Act states:
"The Secretary of the Army, acting through the Chief of Engi-
neers, is authorized to review the operation of projects the

Appendix I
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construction of which has been completed and which were con-
structed by the Corps of Engineers in the interest of navigation,
flood control, water supply, and related purposes, when found ad-
visable due to significantly changed physical or economic con-
ditions and to report thereon to Congress with recommendations on
the advisability of modifying the structures of their operation,
and for improving the quality of the environment in the overall

public interest."”

SCOPE OF STUDY

4. This investigation concerns the adequacy of the existing Corps
of Engineers project in providing flood damage reduction in the

city of Marshall and adjacent urbanized area both upstream and down-
stream of the city. Investigations were made in sufficient detail
to permit selection of the best overall plan from a series of al-
ternatives and establish final project designs and cost estimates.
Field surveys were made to obtain needed topographic information.
Borings were taken at certain locations to establish foundation con-
ditions. Field investigations were also made to identify critical
erosion areas and other channel characteristics, and to determine
the impact of the alternatives considered on the environment. Se-
lection of the recommended plan was made after considering various
effects, current planning policies and criteria, and views of the
affected publi¢c. Coordination was maintained throughout the study
with the City of Marshall and interested State and Federal agencies.

Appendix I
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STUDY PARTICIPANTS AND COORDINATION

5. The principal objective during the formulation phase of this
study was to devise an effective plan that is acceptable to the
local public. Plan formulation, plan selection, final designs and
estimates and preparation of the draft report were accomplished by
Wehrman, Chapman Associates, Inc. - Minneapolis, Minnesota under
contract to the St. Paul District Corps of Engineers. The St. Paul
District had principal responsibility for the study including
contract supervision, coordination with the public and interested
local, State and Federal agencies, and preparation of the final re-
port and environmental statement.

6. Several meetings were held with the City of Marshall to emable
selection of the best plan. Formulation stage meetings with the Marshall
City Council to discuss upstream and downstream improvements were
held on 3 March, 1975 and 20 October 1975, respectively. Comments
concerning the possible effects of a project action on area envir-
onmental, historical, and cultural values were requested from the
following agencies:

* Minnesota Department of Natural Resources

* Minnesota Pollution Control Agency

*  Minnesota Department of Highways

* Fish and Wildlife Service - Department of the Interior

*  Bureau of Outdoor Recreation - Department of the Interior

*  National Park Service - Department of the Interior

* Soil Conservation Service - Department of Agriculture

*  U.S. Environmentsl Protection Agency

Appendix 1
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7. A late stage public meeting was held in Marshall during February
1977 to receive comments and any suggested modifications to the
proposed plan of improvement. On 2 March 1978, a meeting was held
with city officials to review revised study recommendations based on
a review of the draft report by higher Corps authority. On 2 April
1979 a meeting was held with city officials and interested public

to discuss additional studies of proposed flood barrier alignments in
response to the President's Executive Orders 11988 and 11990.

The city also adopted at this meeting, resolutions indicating its
willingness and interest to meet local assurances of cooperation for
the proposed flood plain management and recreation measures when

and as required. Copies of these resolutions and transmitting

correspondence are included in Appendix 2.
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THE REPORT

8. This report consists of three parts: the main report and two
appendices. The main report is a non-technical presentation con-
cerning problems and needs alternative plans and their effects,

and a recommended course of action to solve the flood problems at

Marshall. The main report provides a broad view of the overall study

for the benefit of both general and technical readers. It also pro-

vides emphasis on study items, such as plan implementation, report
review by others, and study recommendations.

9. Appendix I is a detailed technical version of the main report.
Although it follows the same general outline as the main report,

it examines the problems, needs, and alternative solutions in depth
for the benefit of technical review.

10. Appendix II contains all pertinent carrespondence affecting co-
ordination among Federal and State agencies and local interests and

a summary of public involvement activities conducted during the
study.

PRIOR STUDIES AND REPORTS

11, House Document No. 230, 74th Congress, 1st session, includes a
report submitted by the St. Paul District Engineer on 24 November,
1934, concerning water and related land resource problems in the
Minnesota River Basin. However, this report did not specifically
consider flooding and related problems in the Redwood River Basin.

Appendix I
A4

T ——

-—




12, House Document 417, 86th Congress, 2nd session, includes a
25 March, 1960 report from the St. Paul District Engineer recom-
mending flood control improvements at Marshall to include clear-
ing and snagging of a 3.1 mile reach of the Redwood River, con-
struction of 2,135 feet of levee, and a floodwater diversion
channel at a Federal first cost of $2,252,000 and subject to cer-

tain assurances of local cooperation.

13. A General Design Memorandum on authorized improvements on the
Redwood River at Marshall was completed by the St. Paul District,
U.S. Ammy Corps of Engineers in November 1961. 'This report provi-
ded the detailed designs and cost estimates for the existing Corps
flood control project.

14. A flood plain information report on the Redwood River at Mar-
shall was completed by Wehrman, Chapman Associates, Inc. Minneapolis,
Minnesota under contract to the Corps of Engineers in March, 1975,
This report, prepared at the request of the City of Marshall with the
endorsement of the Minnesota Department of Natural Resources, con-
tains maps, profiles, and cross-sections which indicate the extent

of flooding which has been experienced and which could occur in the
future at Marshall.

15. Other related reports include the Comprehensive Plan for the
City of Marshall dated December 1962 with subsequent supporting up-
dates and addendums and the State Comprehensive Qutdoor Recreation
Plan (SCORP).

16, A final draft Flood Insurance Study Report dated August 1976 for
the City of Marshall was prepared by the St. Paul District under con-
tract with the Federal Insurance Administration of the U.S. Depart-
ment of Housing and Urban Development.
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17. Flood plain management regulations adopted by the City of
Marshall on 21 February 1978. These regulations designate (and
regulate development in) the Floodway and Flood Fringe Districts
as shown on the incorporated official zoning map.

18. A report entitled '"Archeological Survey of a Proposed Flood
Control Project in Marshall, Minnesota'" was prepared in 1978 by
the St. Paul District, U.S. Army Corps of Engineers. This report
documents the results of archeological field surveys to identify
the presence and location of any archeclogical sites that may be
affected by proposed flood control measures.
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SECTION B

RESOURCES AND ECONOMY

OF THE AREA

1. This section of the report discusses the natural and human re-

sources and state of development and economy at Marshall.

2. The City of Marshall (1970 population of 9,886) is located in
southwestern Minnesota near the center of the Redwood River Basin

as shown on plate B-1. It is located at mile 681/ on the Redwood
River, which rises near the Minnesota - South Dakota boundary and
flows northeasterly to a point about seven miles northeast of Mar-
shall, where it turns and then flows generally eastward to its con-
fluence with the Minnesota River. Marshall is a farm service cen-
ter in a relatively wealthy agricultural region. Rich prairie soils
in the surrounding area provide for high crop production except

during drought periods.

ENVIRONMENTAL SETTING AND
NATURAL RESOURCES

3. Marshall is located on the Redwood River, between approximate
river miles 66.0 and 70.8 as shown on plates B-1 and B-2. The town

l/All Redwood River mileages referenced to mile O at the confluence
of the Redwood and Minnesota Rivers.
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lies on the divide between the Redwood River Basin and Cottonwood
River Basin, the Cottonwood River being about six miles to the south
at its nearest point. The study area (plates B-1 and B-2) consid-
ered in this study is comprised of two separate Redwood River reaches.
The lower reach extends from State Highway 23 (mile 58.3) to the
downstream confluence of the river channel and diversion channel

(mile 66.3). The upstream reach covers the remainder of the river
upstream through the city to the upstream end of the existing left
bank levee at river mile 73.8 located immediately upstream of the

Burlington Northern Railroad bridge.

LAND USE

4. Land use outside the urbanized area is predominantly agricul-
tural with scattered rural residential and recreation uses. Typi-

cal agricultural land use along the upstream reach is shown on the
following photograph. In most instances, this land use extends up

to the narrow fringe of forest which borders the river channel.

The Comprehensive Guide Planl/for Marshall indicates that by 1980,

and with adequate protection against flooding, much of the agricul-
tural (mainly crop) land in and adjacent to the city and the river
corridor will be developed in about the same proportions of land use
mix presently experienced. Public land use adjacent to the river
corridor principally consists of a State wayside park at approximately
river mile 72.5 as shown on plate B-1 and the Southwest State College
at Marshall on the opposite side of town, shown on plate B-2. The only
industrial use along either study reach is limited to that of the

Burlington Northern Railroad at the upstream study area limit.

A/The Comprehensive Plan, City of Marshall, Minnesota
December, 1962
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Agricultural Land Use-Upstream Reach

GEOLOGY, TOPOGRAPHY AND SOILS

5. The underlying rock formations in Lyon County date from Pre-
cambrian, Cretaceous, Pleistocene and recent times. Granite and
quartziet comprise the Precambrian rocks. The Cretaceous strata
overlie this and are composed of thick sections of soft shale and
thin beds of sandstone. Glacial drift deposited in the Late Wis-
consin glaciation of the Pleistocene period overlies the Precambrian
and Cretaceous rocks, forming the surface of the area. Recent de-
posits of alluvium overlie the glacial drift in valleys and stream

channels.
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6. In the project area, the Redwood River flows in a shallow chan-
nel across the Lowland Plain of the county. It is a slow-moving,
meandering stream with a gradient of less than seven feet per mile.
The river bottom is silted and relatively free of rocks and other
obstructions to the water flow. Erosion can be a major problem

along the riverbank as heavy rainfall and flooding wash away the top-
soil along the river.

7. The Redwood River originates southwest of Marshall on an ele-
vated till plain and flows northeastward in a well-defined, shallow
valley less than 1/4 mile wide. From its origin, the river descends
about 500 feet across a prominent regional slope