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EXECUTIVE SUMMARY

The Midwest Flood of 1993 was without precedent in many respects, such as the areal extent and
duration of rainfall that led to it, the severity of flooding at many locations, and the institutional response
of the nation. The ensuing public attention and reaction generated Congressional authorization and
appropriations for the Corps of Engineers to conduct a comprehensive, system-wide study to assess flood
contro] and floodplain management in the areas that were flooded in 1993.

The Floodplain Management Assessment of the Upper Mississippi and Lower Missouri Rivers and
their tributaries, or FPMA, was authorized by House Resolution 2423, dated November 3, 1993. Congress
provided funds in the Fiscal Year 1994 Energy and Water Development Appropriations Act, which was
signed into law as Public Law 103-126.

The authorizing language fraom Congress and subsequent guidance provided by Headquarters, U.S.
Ammy Corps of Engineers established the following 11 objectives for the conduct of this assessment:

a) Describe resources and project future conditions;

b) Identify desires of local interests;

¢) Describe varying outputs from alternative uses of floodplain resources;

d) Describe forces that impact floodplain resources,

e) Array alternative actions;

f) Evaluate and prioritize alternatives based on consultation and coordination through public
workshops or similar mechanisms;

g) Prepare a report to document efforts, present conclusions, and recommend subsequent follow-
on studies;

h)} Ideatify critical facilities needing added flood protection;

i) Examine differences in Federal cost sharing on the upper and lower Mississippi River system;
j) Evaluate cost effectiveness of alternative flood control projects; and,

k) Recommend improvements to the current flood control system.

The FPMA has attempted to be responsive to these objectives while complementing the work
accomplished by many others on related aspects of the floodplain issues.

Probably the most notable work by others is the report commonly referred to as the "Galloway
Report". The Administration's Interagency Floodplain Management Review Committee published the
report in June 1994, The committee was formed to take a fresh look at floodplain management and other
policies that may have contributed to the severity of flood damages. The recommendations of the report
are, as of this writing, under consideration by the Administration. Some of the needed changes in Federal
flood insurance and disaster assistance programs identified in the report are already enacted into law, The
FPMA has attempted to complement the Galloway Report in those arcas where the Corps is uniquely
qualified.

The FPMA focuses on a comparison of impacts and costs of implementing a wide array of
alternative policies, programs, and structural and nonstructural measures by assuming they had been in
place at the time of the 1993 flood. It explores three scenarios of changes in flood insurance, State and
local floodplain regulation, flood hazard mitigation and disaster assistance, wetland restoration, and
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agricultural support policies. The structural altematives ranged from levees high enough to contain the
1993 event to totally removing the levee system, with several intermediate alternatives. This approach
brackets the extremes. An acceptable solution is probably somewhere in between and involves a
combination of alternatives. A preliminary examination is made of the hydrologic and hydraulic effects
of watershed measures and wetland restoration.

These impact analyses are based on results of systemic hydraulic computer modeling that
represents an advancement in the state-of-the-art in flood analysis. This modeling work was initiated by
the Corps of Engineers prior to the FPMA, but funds were also budgeted under the FPMA. Work
performed for the Assessment contributed to the achievement of the first hydraulic modeling capable of
predicting impacts of random changes in floodplain storage parameters (such as when a levee break
occurs).

Since the beginning of the assessment in January 1994, Corps of Engineers Headquarters' direction
has been to include any conclusions that data collection, hydraulic modeling, and impact evaluations could
support. The goal has been to identify and evaluate alternative floodplain and flood management
measures, including the effects of policy changes and modifications to the current flood damage reduction
features in the areas that were flooded in 1993,

The FPMA is also unprecedented because of the high degree of cooperation and teamwork
displayed not only by the five Corps of Engineers Districts (St. Paul, Rock Island, St. Louis, Kansas City,
and Omabha), three Division offices (North Central, Lower Mississippi Valley, and Missouri River), and
Corps Headquarters, but by the representatives of the Natural Resources Conservation Service (NRCS),
the Federal Emergency Management Agency (FEMA), the U.S. Environmental Protection Agency
(USEPA), the U.S. Fish and Wildlife Service (USFWS), and the states (namely Illinois, Iowa, Kansas,
Minnesota, Missouri, Nebraska, and Wisconsin). The contributions of data, participation in workshops,
and review and comment on interim study products by these various offices helped give this assessment
a breadth of perspective beyond that available from within a single agency. Three series of public
meetings were held throughout the study area in June 1994, November 1994, and April 1995. Also, the
Plan of Study and "Milestone Packages" were distributed in April 1994, August 1994, September 1994,
and January 1995. These efforts were designed to inform and to obtain feedback on strategies, the study
process, and data being used for evaluation. Adjustments to study tasks during the study period resulted
from comments.

The feedback received during coordination of the assessment highlights contrasting views
regarding use of the floodplain. Some groups advocate broad floodplain management concepts while
others view floodplain management as being inconsistent with flood control and economic development.
It is also apparent that flood fighting and associated levee raises are part of a culture of self-reliance held
by many of the people who are protected by levees. Many believe that the levees constructed 50 or more
years ago were adequate for hydrologic conditions at that time, but that the severity of floods has
increased due to actions in the watershed that have increased runoff or because of physical changes in
channel or levee capacity. Countering some of these views are the concerns about vulnerable uses of the
floodplain which result in high costs of disaster relief following a flood event such as that of 1993 and
contribute to adverse impacts on the natural floodplain environment. This assessment does not resolve
all these issues or recommend an overall best plan. Rather, it serves as another tool in understanding the
relative impacts of various potential actions.



As you review the evaluation results, findings, and conclusions please be alert to four areas of
caution:

1. The 1993 flood event is used as a base condition to evaluate impacts of changes in policies
and structural alternatives, recognizing that the 1993 event is still fresh in everyone's minds and provides
a wealth of additional information on the region's vulnerability to extreme flood events. In addition, the
1993 flood was so widespread that an opportunity existed to evaluate varying flooding levels, ranging
from a 20-year to over a 500-year event in different areas. Its areal extent and duration make it a unique
flood, as every flood is. The FPMA does not provide a complete basis for formulating or recommending
projects, because flood frequency analysis and evaluation of life cycle and cumulative benefits and costs
must first be accomplished. These were beyond the scope of the FPMA,

2. The Findings and Conclusions of this report are those of the five Districts and three Divisions
involved in the FPMA effort.

3. The results of the hydraulic modeling of the various alternatives represent approximate values
that are appropriate for an overall assessment. Although further analysis could modify results to some
degree, the general trends displayed in this report should remain the same. The unsteady-state modeling
used for this assessment addresses the relationship between stage and discharge, but not the relationship
between discharge and frequency. The flood discharge-frequency estimates for the Upper Mississippi
River are based on a 1970 Federal interagency agreement. There are no current plans for revising these
estimates for either the Mississippi or Missouri Rivers based on the 1993 flood or other recent floods.
However, there is concern by many, including the Corps of Engineers hydrologists, that those estimates
need to be revisited.

4, The data collected were almost exclusively data that were already available, such as the
economic damages from the 1993 flood. Much of this data is aggregated at a county level, and is not
broken down into floodplain reaches. Although there would be a higher level of confidence with data at
a greater [evel of detail, the data used were suitable for this type of initial systemic evaluation.

Some of our more significant findings and conclusions are:

* Stmcfurai flood protection performed as designed and prevented significant damages.

Corps reservoirs performed well, reducing flood water elevations along the main stems of the
Upper Mississippi and Lower Missouri Rivers by several feet in most locations. Structural flood
protection (urban levees and floodwalls) performed as designed in protecting large urban centers. The
Congressional General Accounting Office concluded that "most Corps levees performed as designed and
prevented significant damages" (page 11 of report dated February 28, 1995).

* Approximately 80% of 1993 crop damages region-wide were caused by overly saturated
fields, unrelated to overbank flooding.

At lcast 50 percent of the total 1993 flood damages were agricultural and approximately 80
percent of 1993 crop damages region-wide were caused by overly saturated fields or other factors
unrelated to overbank flooding. These losses would not have been affected by changes in floodplain
management policies. The best option to address these damages is a rational program of crop damage
insurance, Crop insurance reform legislation (Title I of PL 103-354) was enacted late in 1994,




* Flood_damages in urban floodplains with inadequate or no flood protection continue to
be a major problem.

For the 120 counties adjacent to the Upper Mississippi and Lower Missouri Rivers and several
of their major tributaries that were the focus of this assessment, urban damages substantially exceeded
agricultural losses. Overbank flooding and problems associated with urban drainage and stormwater
runoff continue to occur in a number of locations, as confirmed by the 1993 event.

* No single alternative provides beneficial results throughout the system.

From a hydraulic evaluation perspective, the FPMA analysis illustrates that no single alternative
provides beneficial results throughout the system. Applying a single policy system wide may causc
undesirable consequences at some locations. Examination of many factors such as computed peak stages,
discharges, flooded area extent, and depth within flooded areas is necessary to evaluate how an alternative
affects performance of the flood damage reduction system as a whole.

* It is essential to evaluate hydraulic impacts systemically.
The importance of evaluating hydraulic impacts systemically is clear from the results of the

unsteady-state hydraulic modeling. Changes that affect the timing of flood peaks or the "roughness
coefficients" of the floodplain can be as significant as changes in storage volume.

* If all agricultural levees had been successfully raised and strengthened., urban flood
protection would have been placed at much greater risk.

If the agricultural levees along the Upper and Middle Mississippi River had been raised and
strengthened to prevent overtopping in the 1993 event, the flood stages on the Middle Mississippi would
have been an average of about 6 feet higher. Likewise, raising the levees to prevent overtopping on the
Missouri River would have increased the stage by an average of 3 to 4 feet, with a maximum of 7.2 feet
at Rulo, Nebraska, and 6.9 feet at Waverly, Missouri.

* Flood stage changes resulting from the removal of agricultural levees are highly
dependent on subsequent use of the floodplain,

Hydraulic routings, assuming agricultural levees arc removed show that, with continued farming
in the floodplain, 1993 stages would be reduced an average 2 to 4 feet on the Mississippi River in the St.
Louis District (middle Mississippi River). If this area would have returned to natural forested conditions,
some of the system would still have shown reductions in stage (up to 2.8 fect), but increases in stages by
up to 1.3 feet would also be seen in some locations. In the Kansas City District (lower Missouri River),
hydraulic modeling shows changes in stages of -3 to +1 foot for no levees with agricultural use and -3
to +4.5 change with forested floodplains.

* Restoration of floodplain wetlands would have little impact en floods the magnitude of the
1993 event. Agricultural use of the floodplain is appropriate if risk of flooding is
understood and accepted.

Converting floodplain agricultural land to natural floodplain vegetation would not reduce stages
in some locations but would marginally reduce damage payments in the 1993 Midwest Flood.
Agricultural use of the floodplain is appropriate when the residual damage of flooding is understood and
accepted within a financially sound program of crop insurance and flood damage reduction measures and
when it is compatible with essential natural floodplain functions. Current theories on floodplain function
predict that the area needed for an improvement to the natural biota is probably fairly small and that
testoration of a series of natural floodplain patches (a string of beads) connected by more restricted river
corridors would be practical and beneficial.




* Restoration of upland wetlands would have produced localized flood reduction and other

benefits, but little effect on main stem flooding.
Hydraulic modeling of reducing the runoff from the upland watersheds by 5 and 10 percent

predicted average stage decreases of about 0.7 and 1.6 feet, respectively, on the Upper and Middle
Mississippi River and about 0.4 and 0.9 feet, respectively, on the Lower Missouri River. However,
wetland restoration measures alone would not have achieved this level of runoff reduction for the 1993
event because of the extremely wet antecedent conditions. Restoration of upland wetlands would produce
localized flood reduction benefits, but have little effect on mainstem flooding caused by the 1993 event.
There are other reasons for why restoration of upland wetlands is very important, such as reduced
agricultural exposure to flood damage, water quality, reduced sedimentation, and increased wildlife habitat.

* State and local floodplain zoning can be an effective means of siting critical facilities out

of harm's way.
State and local floodplain zoning ordinances and regulations could be most effective in

determining the siting of critical facilities that have the potential for releasing toxic or hazardous elements
into the environment when flooded.

* More extensive reliance on flood insurance would better assure appropriate responsibility
for flood damages.

More extensive reliance on flood insurance would better assure that those who invest, build, and
live in the floodplain accept appropriate responsibility for the damages and other losses that result from
floods. Expenditures for the 1993 flood through the National Flood Insurance Program and the Federal
Crop Insurance Corporation were less than half of total disaster aid payments.

* Greater emphasis on flood hazard mitigation actions is justified,

More emphasis is now being placed on use of flood hazard mitigation measures, especially
acquisitions of flood-prone structures, as an action that will reduce repeated Federal disaster expenditures
and other costs associated with areas of widespread and potentially substantial repetitive flooding,

* Although there are conflicting public viewpoints on uses of the floodplain, areas of
potential agreement exist and need to_be pursued.
Comments heard and read from the public throughout the assessment followed three main themes,
with varying degrees of acceptance among the interest groups:
a) Importance of agricultural levees;
b) Need for shifted emphasis to non-structural measures and upland watershed measures; and,
¢) Need for greater coordination among agencies responsible for managing the upper Mississippi
and lower Missouri Rivers.

* Better adherence to existing policies is a necessary, immediate, and effective first step for
better floodplain management.

Measures that would reduce damages during future floods that are not dependent upon any revised
policies and programs include:

a) Good maintenance of both the existing Federal and non-Federal levee system.

b) State and local interests enforcing land use policies to ensure that new floodplain development

does not occur or is constructed to minimize damage potential (raising, floodproofing, etc.)



* Examples of shifting dependence from disaster aid to flood hazard mitigation and flood
insurance are justified.

A shift from dependence on disaster aid to flood hazard mitigation (floodproofing, elevating, or
acquiring and relocating out of the floodplain) and flood insurance appears to be occurring. The following
cxamples of measures that warrant further consideration generally follow the Federal philosophy of
floodplain management which recognizes that flood damage avoidance should generally be the first
defense against flooding, complemented by nonstructural and structural flood protection measures, where
appropriate, with public education and flood insurance included as essential components to address the
residual risk of flooding:

a) acquisition of structures that are repetitively damaged,

b) more widespread and stricter enforcement of flood insurance requirements for individuals,

farmers, businesses, and communities (already wel!l underway);

c) enforcing strict consistency in eligibility for the provision of disaster aid;

d) greatly increased emphasis on flood hazard mitigation planning and implementation;

e) assuring that communities and individuals are aware of the degree of risk involved in residing

behind a levee or downstream of a dam in a floodplain, especially if less than Standard Project

Flood (SPF) level of protection;

f) more effective floodplain management policies and zoning standards at the local level to

prevent floodprone development;

g) an expanded boundary for flood risk zones to go beyond designation of "100-year” flood zones

for flood insurance;

h) more upland watershed retention measures that will hold or slow rainfall runoff; and,

1) continue structural protection when systemic analysis of impacts and life cycle costs indicate

this is the best solution, but with an awareness of the risks associated with induced development.

* Preparation for even larger floods is needed.
Floods greater than the 1993 flood catastrophe will happen in the future. It would be prudent to

prepare for future floods larger that the 1993 event. When we are properly prepared for catastrophic flood
events, smaller floods will be more easily accommodated.

* Much valuable data such as hydraulic modeling, mapping, and data inventories resulted
from the assessment study.

The hydraulic modeling, the gathering and organizing of data and viewpoints, and the evaluation
of this input for the FPMA should provide an improved understanding of many floodplain management
issues. The FPMA has played a part in helping to develop many new "tools” for those involved in
making floodplain management decisions. There is now a working unsteady state flow hydraulic model
on the Upper Mississippi and Lower Missouri Rivers, digitized 'and use mapping, an environmental
resource inventory, and other products, as listed in Chapter 12 of the report.

Through the FPMA analyses, the following efforts are considered to have greatest value in
furthering future understanding and e¢nhancing sound floodplain management directions:

a) Inventory and spatial database of levees and other structures in the floodplain;

b) Inventory and GIS database of critical facilities in the floodplain;

¢) Additional hydraulic modeling (unsteady state) with more detailed mapping and coverage over

portions of the main stem rivers not yet modeled and for the larger tributaries. (A system model,

including the Mississippi, Missouri, Illinois, Ohio, and Arkansas Rivers is scheduled to be

available by the end of Fiscal Year 1996);



d) A real-time, unsteady state hydraulic model and tributary rainfall runoff forecasting models for
predicting flood crests in future flood emergencies.

¢) Updated hydrology and hydraulics data, including discharge-frequency relationships and water
surface profiles.

f) More extensive data and hydraulic modeling of upland watershed arcas that have the greatest
potential for flood damage reduction;

g) Development and experimental testing of biological response models that are linked to existing
hydraulic and hydrologic models;

h) If a system-wide plan for flood damage reduction is desired, economic data must be collected,
indicating the specific locations and elevations of damageable property; and,

i) Maintain and update the environmental GIS data base that has been developed in this effort.
This data base can serve as an important resource in developing floodplain management strategies
for specific reaches and in developing a systemic management plan for natural resources.

As stated earlier, this assessment was limited in its evaluation to comparing impacts of a wide
array of policies, programs, and flood damage reduction measures to only a single event, the Midwest
Flood of 1993. To develop recommendations or a comprehensive floodplain management plan, cither
system-wide or for specific reaches, would require a more complete analysis. Such an analysis would
ideally include impacts of all possible flood events, life cycle and cumulative costs and benefits, and a
more quantitative measurement of impact categories such as environmental, social, human trauma, and
cultural. However, this assessment has taken an important step toward achieving a better understanding
of the current uses of the floodplain, forces causing those uses, and impacts of various alternative changes
in the management of the floodplains.

The bottom line of the assessment was probably best stated in one of the comment letters on the
draft report which says, "the assessment validates the view that while structural flood control measures
are an important part of an overall floodplain management program, they have limitations and floodplains
are best managed through a combination of structural and non-structural measures that fully recognize the
inherent risk of occupying flood hazard areas”.



INTRODUCTION

General

The Midwest Flood of 1993 resulted in one
of the most costly flood disasters in United
States history. There were catasirophic damages
to residential, commercial, industrial, agricultur-
al, and public propertics in large portions of the
upper Mississippi and lower Missouri Rivers and
their tributaries. While many flood damage
reduction measures reduced or prevented damag-
es (0 many propetrties, these measures often were
nat designed to withstand the magnitude of
flooding experienced during 1993. The extent of
damages resulting from the 1993 flood raised
such questions as:

- What is an appropriate level of flood
protection?

- Did flood protection measures or existing
Federal policies have any adversc im-
pacts, including the inducement of higher
levels of damage?

- What policies would lead to the best
long-term Federal investment in the
floodplain?

- What is the best means of reducing
impacts in the floodplain from future
floods?

- What is the appropriate role of agricul-
tural levees in the floodplain?

The ensuing public discussions generated
Congressional authorization and appropriations
for the Corps of Engineers to conduct compre-
hensive, system-wide studies to assess the flood
control and floodplain management needs in the
areas that were flooded during the 1993 event.
The assessment was to be accomplished over an
18-month period. A systems approach to flood-
plain management was to be used, recognizing
and complementing the efforts of the White
House Interagency Floodplain Management
Review Committee.

I-1

Authorization/Objectives

The study was authorized by House Reso-
lution 2423, dated November 3, 1993, and was
a Congressional add in the Energy and Water
Development Appropriations Act of 1994, which
was signed into law as Public Law 103-126.
This law provided the Corps of Engineers with
appropriations to conduct studies in the reaches
of the upper Mississippi and lower Missouri
Rivers and their tributarics flooded in 1993.

The eleven objectives established for this
assessment correspond to specific directives
provided in the Conference Report for the above
stated appropriations act (House Report 2445)
and the guidance memorandum prepared by the
Headquarters, U.S. Army Corps of Engineers,
dated 14 December 1993. These reference
documents are provided in Attachment 2 of this
report.

The objectives of the assessment include
the following:

a.  Describe the existing land and water re-
sources and make projections of future condi-
tions;

b. Identify and array the desires of interested
parties within the study area to reflect the diver-
sity of opinions regarding appropriate future
outputs from alternative uses of floodplain
resources;

c.  Describe how the array of land and water
resources could be used to provide varying
outputs from alternative uses of floodplain
resources;

d.  Describe the forces impacting on the use of
identified land and water resources;



e. Develop a broad array of altemative land
and water resource actions, including changes in
policy, with the potential to influence the future
mix of outputs;

f  Evaluate and prioritize alternative land and
walter resource actions based on consultation and
coordination with affected Federal, State, and
local entities through a secries of public work-
shops or similar mechanisms;

g. Prepare a report to document the assess-
ment efforts, present conclusions with regard to
potential actions and alternative future floodplain
uscs, and recommend subscquent follow-on
studies;

h. Identify critical facilities needing added
flood protection;

i.  Examine differences in Federal cost shanng
for construction and maintenance of flood con-
trol projects on the upper and lower Mississippi
River system;

j. Evaluate the cost effectiveness of alterna-
tive flood control projects; and

k. Recommend improvements to the current
flood control system.

Study Area

The study area for the Floodplain Manage-
ment Assessment (FPMA) includes the upper
Mississippi River (from St. Paunl, Minnesota, to
Cairo, Illinois), the lower Missouri River (from
Gavins Point Dam near Yankton, South Dakota,
to St. Louis, Missouri), and major tributaries, as
shown on Figure 1-1. These river reaches en-
compass the principal areas directly affected by
the 1993 flood. The assessment will focus on
the floodplain of these river reaches, generally
considered to be the "bluff-to-bluff” area.

Organization Structure

The North Central Division (NCD) Office
had the oversight role for the assessment, and
the St. Paul District was the lead District for
completing the assessment. The actual work was
accomplished in all five Districts (St. Paul, Rock
Island, St. Louis, Kansas City, and Omaha),

Strategy

The Floodplain Management Assessment
has been directed to be responsive to objectives
laid out by Congress in the authorizing legisla-
tion and to complement the work that has been
and 15 being accomplished by many others on
related aspects of the floodplain issues. It is
anticipated that this evaluation will be another
step in achieving a better understanding of the
current uses of the floodplain, forces causing
those uses, and impacts of various alternative
changes in the management of floodplains.

Four key reporis that preceded the FPMA
have been significant factors in shaping the
strategy, sources of data, and direction of the
conclusions reached in this report. They are
briefly summarized below, Aftachment 1 of this
report provides a more detailed summary of each
report and the addresses for obtaining copies of
the four reports.

1) The Interagency Floodplain Manage-
ment Review Committee Report of Junec 1994,
entitled, "Sharing the Challenge: Floodplain
Management in the 21st Century" (or commonly
referred to as the Galloway Report).

The Interagency Floodplain Management
Review Commiitee was established as part of the
Administration's Flood Recovery Task Force.
The mission of the Review Committee was to:

- Delineate the major causes and con-
sequences of the 1993 flooding;

- Evaluate the performance of existing
floodplain management and related watershed
management programs; and
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- Make recommendations to the
Administration's Floodplain Management Task
Force on changes in current policies, programs,
and activities of the Federal Government that
would most effectively achieve risk reduction,
economic efficiency, and environmental enhance-
ment in the floodplain and related watersheds.

2) The Preliminary Report of the Scien-
tific Assessment and Strategy Team (SAST),
which is Part V of the above report.

The SAST was chartered by the White
House in November 1993 "to provide scientific
advice and assistance to officials responsible for
making decisions with respect to flood recovery
in the upper Mississippi River Basin." It was
incorporated inte the Floodplain Review Com-
mittee in January 1994 to serve as its research
arm for scientific analysis, The 16-member
SAST team operated from the Earth Resources
Observation System (EROS) center in Sioux
Falls, South Dakota. Since March 1994, SAST
continues to function as a distributed team with
members working at their home offices or labo-
ratories.

3) "The Great Flood of 1993 Post-Flood
Report of the Upper Mississippi River and
Lower Missouri River Basins,” which was
completed in September 1994, by the U.S. Army
Corps of Engineers. The five appendices were
prepared by the St. Paul, Rock Island, St. Louis,
Kansas City, and Omaha Districts and the main
report was prepared by the North Central Divi-
sion.

The Post-Flood Report was intended to
document information that will be of use to
professionals within and outside the Corps of
Engincers in connection with future planning
programs associated with reservoir water-control
management, floodplain management, and emer-
gency management. The report summarizes the
meteorology of the 1993 flood event, including
antecedent conditions that led to the flooding
conditions. The hydrology and hydraulic param-
eters of this flood are compared to previous
evenis, and there are numerous tabulations of

river stages, discharges, frequencies, and flood
extent mapping, as well as descriptions of the
effect that levees and reservoirs had on the
flood. The Corps of Engineers activities during
the flood event are documented, including reser-
voir operations, and emergency and recovery
measures. A preliminary description and ap-
praisal of flood damages is provided.

4) The Economic Damage Data Collec-
tion Report of February 1995 by the U.S. Army
Corps of Engineers.

The Lower Mississippi Valley Division has
collected data on the impacts of the Great Flood
of 1993, establishing a database containing this
data, and is preparing a report entitled, "Impacts
of the Great Flood of 1993, Upper Mississippi
and Lower Missouri River Basins." This infor-
mation quantifies the impacts of this great flood
and includes maps that depict the areal extent of
the flooding. The impacts are presented by
county, State, and Corps District.

Another ongoing effort to assess the exist-
ing methods and procedures used by the Corps
to address economic, social and environmental
needs in flood management planning is being
conducted by the Institute for Water Resources
{IWR). A draft report entitled "An Evaluation of
Corps of Engineers Flood Control Feasibility
Studies for the Upper Mississippi River Basin:
1973-1994" was completed in March 1995. As
with the FPMA, this report is considered to be
an information document rather than a policy-
setting analysis.

The objectives for the IWR report were to
appraise the rationale used in decision-making in
feasibility studies for flood control in the upper
Mississippi River Basin. The stated need for the
analysis is similar to that defined for the FPMA.
It states that the economy of the upper Mississip-
pi River Basin has grown and is expected to
continue to grow. Pressures for more intensive
development of the floodplains have increased
over the years with the growing trend for urban-
ization and the scarcity of inexpensive or easily
developed vacant land. The continuing trend of



achieving higher uses of floodplain lands greatly
increases the value of property that is susceptible
to potential flooding. This increase is influenced
by a growing economy and an improved level of
national wealth. As a result, the potential for
future damage from disasters similar to the
Midwest flood of 1993 will continue to escalate
unless substantive changes to current practices
and policies are made.

The means of conducting the IWR analysis
was to study 26 sample Corps of Engineers
feasibility reports recommending flood damage
reduction projects. The results of this analysis
are scheduled to be available as a final draft
report later this year.

The evaluations accomplished by the above
efforts and other initiatives identified in this
report had a significant impact on the direction
and conclusions of this assessment. To best
accomplish the abjectives defined for this assess-
ment while complementing the above efforts, it
was decided to focus primarily on quantifying
the impacts different structural and nonstructural
proposals would have had if they had been in
place at the time the 1993 flood event occurred.
Because of the large land area involved in the
study, and the many different alternatives identi-
fied by the public and others to be considered,
some of the evaluations concentrated on limited
reaches of the rivers, and different changes and
policies and programs were combined to form
three distinctive "scenarios.”

Since the study encompasses floodplains
along over 3,500 miles of rivers, the assessment
cannot fully evaluate the array of alternatives on
all reaches of the rivers subjected to flooding in
1993. Representative river reaches were used
for more detailed evaluation of specific alterna-
tives, and patterns were analyzed to determine
whether application of these evaluations could
reasonably be made to other similar reaches.
Systemic analyses were performed only on the
main stem poriions of the Missouri and Missis-
sippi Rivers, and most floodplain analyses were
limited to major rivers. Therefore, the vast
majority of the floodplains analyzed were wider
than 0.6 mile.

The basis for estimating the ¢ffects of the
various alternatives was to compare what hap-
pened in 1993 with what would have occurred in
1993 if that alternative had been in place at the
time of the flooding. The analysis was not able
to compare the annualized life cycle costs of
alternatives with annualized flood damages to
formulate any project recommendations. Instead,
the analysis simply compares how implementa-
tion of various policies, programs, or flood
control measures would have affected what
actually occurred in the 1993 flood. Using the
1993 flood as the base condition for the compar-
ison of impacts of various alternatives does not
mean that the entire focus of the FPMA is on
very large and infrequent flood events. The
study area includes river reaches that experi-
enced less than 20-year flooding. Therefore,
there are opportunities to measure the change in
impacts for both small and large events by
recognizing the level of flooding experienced in
different river reaches of the siudy area.

Combining a number of policy and pro-
gram changes into a consistent package of
mecasures constitutes a scenario for this assess-
ment. Scenarios offer contrasting visions, show-
ing where alternative floodplain management
philosophies could lead. The scenarios are
intended to represent a range of policies and
programs, without intending to recommend a
defined management plan. This framework for
evaluation did not result in selection of a best
plan, but rather it provides insights for future
planning to properly focus on those factors with
the most impact.

The policy measures comprising the scenar-
ios involve proposals that potentially affect the
ways in which exposure to flood problems can
be addressed. Actions that are directed toward
changing the magnitude of floods themselves,
primarily through structural measures, are being
modeled and addressed as part of the analysis of
"action alternatives.” These include alternatives
involving changes to the existing network of
levees.

The purpose of attempting to combine
impact categorics, scenarios, and action alterna-



tives in the evaluation framework was to give
substantial, consistent, and equal treatment to
both "nonstructural” and “structural” alternatives
as a part of this assessment. The scenarios were
the mechanism that was developed o make
certain that the many "nonstructural” policy and
program issues of interest would be fully consid-
ered. Upon the advice of collaborating agencies,
the FPMA study feam concluded that a valid
methodology for agpgregating the impacts of
scenario measures and combining them with the
effects of the hydraulic action alternatives does
not exist. Accordingly, the impacts of scenario
measures and hydraulic action altermatives are
presented separately.

Identified early in the assessment was a
misconception regarding the magnitude of the
flood damages. Much of the damages reported
were not directly attributable to overbank flood-
ing, but to crop damage from the excessive rains
causing overly saturated soils in upland areas.
Floodplain management and flood protection
measures cannot reduce these damages; the best
option to address these damages is a rational
program of crop insurance. Therefore, an at-
tempt has been made to separate those damages
from the overbank flood damages.

The term “agricultural levee" is used exten-~
sively throughout this report. The definition
provided in the glossary (Attachment 6) is "A
levee that protects agricultural areas where the
degree of protection is usually less than that of
an urban area." It is understood that many times
these agricultural levees provide flood protection
for more than crops due to development behind
the levees, such as residential areas, critical
facilities, transportation systems, or Industry.
Therefore, the term "agricultural levee” is gener-
ally understood to be any levee that does not
provide a high degree of protection (50- or 100-
year) to predominantly urban areas. For the
alternatives involving agricultural levees in this
assessment, only Federal agricultural levees have
been included in the hydraulic routings and
impact analysis.

Hydraulic modeling has been completed for
six systemic alternatives, using the 1993 flood
event as the baseline condition. These include
agricultural levee removals, agricultural levee
raiscs to contain the 1993 flood ¢vent, a system
of 25-year agricultural levees, a levee setback
alternative, removal of reservoirs, and watershed
reductions of runoff by 5 and 10 percent. Hy-
draulic model runs, defining expected changes in
flood stages, were provided to the environmental
and economic work groups for evaluation of
potential impacts.

Conclusions are provided in Chapter 12 of
this report. "“Findings,” which are greater in
number, are located at the end of each chapter.
These findings represent notable results from the
chapter's evaluations and have been consolidated
into a shorter list of conclusions for Chapter 12.
The findings are also provided as a list in At-
tachment 9 of this report. The five appendices,
which are bound separately from the main
report, provide further background and support-
ing documentation for the assessment. Chapter
12 also provides a list of key products that have
been developed or enhanced as a result of the
FPMA, such as UNET modecling on the Missis-
sippi and Missouni Rivers, digitized land use
mapping, ecnvironmental resource inventory,
critical facility lists and mapping, ete. These
products should be thought of as tools to better
reach decisions on the management of our
floodplains.

Any proposed changes in Corps of Engi-
neers budgetary constraints, cost sharing require-
menis, or justification of projects have not been
addressed in this assessment. The primary focus
instead has been on how the impacts of the 1993

flood would have varied if a range of alterative

measures, policies, or programs had been in
place during the Midwest Flood of 1993. This
report is being distributed to the public concur-
rently with submittal to the Headquarters, Corps
of Engineers, Subject to approval, it will be
transmitted in sequence to the Acting Assistant
Secretary of the Army for Civil Works, the
Office of Management and Budget, and Con-
gress.



CHAPTER 1 - FLOOD DESCRIPTION

Description of the Mississippi and Missouri
River Basins

The Mississippi River rises in the lake and
forest country of north-central Minnesota and
flows 2,350 miles to its mouth in the Gulf of
Mexico. Over this journey, it falls 1,463 feet
and drains 1.25 million square miles or 41
percent of the land area of the continental United
States.

That portion of the Mississippi River drain-
age lying above its confluence with the Ohio
River at Cairo, Illinois, is commonly referred to
as the upper Mississippi River Basin. (Note that
for the Mississippi River itself, the reach up-
stream from St. Louis is called the upper Missis-
sippi River, the reach between St. Louis and
Cairo is the middle Mississippi River, and the
reach downstream from Cairo is called the lower
Missigsippi River.) The upper Mississippi River
Basin encompasses approximately 714,000
square miles, which is 57 percent of the total
Mississippi River Basin and 23 percent of the
land area in the continental United States. This
area includes its principal tributary, the Missouri
River Basin, which drains 529,000 square miles
above its mouth at St. Louis, Missoun, including
9,700 square miles in Canada. The Missouri
River drains 74 percent of the upper Mississippi
River Basin but contributes only 42 percent of
the long-term average annual flow at St. Louis.

As the Mississippi River leaves the northern
woodlands and lakes above Minneapolis-St. Paul,
Minnesota, it meanders southward past fertile
prairies, villages, and cities. Along the way,
numerous tributari¢s join the Mississippi River
and add to its flow. The drainage area of the
Mississippi River has six major subbasins: the
upper Mississippi, Missouri, Ohio, Arkansas,
White, and lower Mississippi. Historically, the
Missouri and Arkansas Rivers have contributed
greater amounis of sediment, while the Ohio
River contributes the greater percentage of water
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discharge and the least concentration of sedi-
ment. The floodplain along the main stem of the
Mississippi River varies in width from approxi-
mately three-quarters of a mile to more than 14
miles, and averages about 5 miles wide.

The Missouri River rises along the Continen-
tal Divide in the northern Rocky Mountains and
flows generally easterly and southeasterly to join
the Mississippi River near St. Louis, Missouri.
Its drainage area includes all of Nebraska and
parts of Missouri, North Dakota, Kansas, Colora-
do, Wyoming, Montana, South Dakota, lowa,
Minnesota, and Canada. Hydrologically, the
Missouri River Basin is divided into two paor-
tions, with demarcation at Sioux City, Iowa.
The upper basin contains 314,600 square miles
and the lower portion contains 208,100 square
miles.

Description of Flooding

The Great Flood of 1993 affected a large
portion of the midwestern United States, crossing
boundaries of several Corps of Engineers Dis-
tricts, including: St. Paul, Rock Island, Omaha,
Kansas City, and St. Louis.

The flood was unique in its areal extent as
well as in its duration. It encompassed several
months of relatively heavy rainfall that occurred
at a time when the ambient conditions already
posed a greater probability for flooding. Along
the Mississippi River, many of the Federal and
non-Federal levees either overtopped or were
breached as a result of the record-breaking
stages.

The 1993 flood was the greatest flood ever
witnessed in some locations. The areal extent of
the persistent rainfall and flooding was unprece-
dented. Over the nine-State region of the Upper
Midwest, the U.S. Geological Survey (USGS)-
measured discharges exceeded the 10-year event
at 154 stream gaging stations, exceeded the 100-



year event at 46 stations, and exceeded the flood
of record at 42 stations (some of which have
more than a century of data). Flood frequencies
exceeded the 500-year event at some locations
along the Missouri and Mississippi Rivers, as
well as some of their tributaries.

The flooding on the Mississippi River was
the most devastating in terms of property dam-
age, disrupted businesses, and personal trauma of
any in the history of the United States. Millions
of acres of farmland were under water for weeks
during the growing season. Damaged highways
and roads disrupted overland transportation
throughout the flooded region. Portions of the
river were closed to navigation for almost two
months, The banks and channels of the Missis-
sippi River were severely eroded in many reach-
es. In addition to the erosion of the river, ero-
sion of valuable topsoil was a major problem.
The extent and duration of the flooding caused
numerous levees to fail.

Flood effects along the main stem of the
Mississippi River were gencrally confined to
near-bank areas and channel infrastructure from
St. Paul, Minnesota, to Guttenberg, lowa. There
was no significant flooding upstream of Lock
and Dam 1 in Minneapolis, Minnesota. Every
gaging station on the Mississippi River below
Lock and Dam 15 to Thebes, Illinois, experi-
enced a new flood of record.

Flood conditions on the Mississippi River
differed above and below the confluence of the
Ohic River. At Thebes, Illinois, 46 miles up-
stream from the confluence, severe flooding
occurred on the Mississippi River, Downstream
from the confluence, flooding on the Mississippi
River was not severe because of less-than-aver-
age discharge contributed by the Ohio River and
a substantially larger channel capacity in this
reach of the Mississippi River. The discharge of
the Ohio River was less than average during July
and August 1993 as a result of generally dry
conditions and low reservoir outflows throughout
the Ohio River.
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The wet spring of 1993 resulted in the Mis-
souri River rising above flood stage in early May
and navigation being suspended from river mile
1970 to 354.0. By May 16, the river was
reopened to navigation, and the flood event was
terminated on May 20. This relatively minor
event set the stage for a series of events that
would result in record flows and stages on the
Missouri River and record pool levels at several
lake projects during July and August. Portions
of the Missouri River were closed to navigation
in July and August 1993. Individual reaches
were closed and opened during the flood based
on the flow conditions in that reach. Hydrologic
and hydraulic effects of excessive runoff during
the summer of 1993 resulted in severe and
widespread flooding throughout the lower Mis-
souri River basin in Missouri, central and east
Kansas, southeast Nebraska, and south central
and southwest Iowa, Several intense storms in
July, combined with wet antecedent conditions,
were the principal causes of the severe flooding
conditions. Record flooding inundated large
areas — residential, industrial, and agricultural.
The extent and duration of flooding caused
levees on the Missouri River 1o fail or be over-
topped. The Missouri River was closed to
navigation for 49 days, from July 2 to August
20. Even after the record-setting flood had
passed out of the Missouri River Basin, during
August and September, continued rainfall caused
recurrences of flooding in localized areas. Also,
rainfall continued to interfere with post-flood
cleanup and rchabilitation.

As a result of the flood, the Federal Emer-
gency Management Agency (FEMA) declared
505 countics in nine States eligible for either
individual or community assistance. This natural
disaster killed 47 people and forced 74,000
people from their homes. It also disrupted
commercial activity all along the Mississipp1 and
Missouri Rivers and adjacent arcas and destroyed
thousands of acres of crops. In addition to the
crop losses, many farms also lost vital structures,
facilities, and equipment. The impacts of the
flood are further described in Chapter 3 (Existing
Floodplain Resources and Impacts of the 1993



Flood) and Chapter 5 (Establishing Base Condi-
tions for Evaluation),

Weather Factors

Although rainfall records were not broken in
the upper Mississippi River Basin in the fall of
1992, November and December had well above
normal amounts. In November, rainfall totals
were two to three times the normal amount. In
the first seven months of 1993, more than 20
inches of rain fell over most of the flood-affect-
ed arca, with more than 40 inches of rainfall
occurring in areas of northeast Kansas and east-
central Towa,

Precipitation during the winter of 1992-93
and the spring of 1993 was above normal and
temperatures were below normal throughout the
lower Missouri River Basin. Persistent rains and
early snowmelt culminated in high spring runoff.
With the exception of some areas in Colorado
and western Kansas, which had below normal
precipitation, the period of April and May was
wet and cool.

A wet-weather pattern persisted over the
Upper Midwest for about 6 months. This pattern
resulted from an eastward-flowing jet stream that
extended from central Colorado northeastward
across Kansas to northern Wisconsin. Because
of this jet stream, a weather-front convergence
zone formed across the Upper Midwest during
the spring and summer months that preceded the
flood. Moist, warm air from the Gulf of Mexico
was drawn northward along this jet stream where
it collided with cooler air masses drawn out of
central Canada.

This combination of e¢xtreme conditions
gencrated frequent occurrences of prolonged and
excessive precipitation over the upper Mississip-
pi River Basin, leading to the destructive floods.
There has been some speculation that the 1993
floods might have been associated with green-
house gas-induced global warming and related
circulation changes. The quantitative research
that has been done suggests, however, that
central North America will have a drier climate
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as a resulit of global warming, although the most
recent hypothesis is that highly variable and
extreme conditions could result, at least initially.
Thus, both extreme flood and extreme drought
are consistent with the global warming theory,
and the 1993 floods cannot conclusively be
connected with this phenomenon.

Similarly, the volcanic eruption of Mt
Pinatubo in June 1991 has likely affected global
mean temperatures, but the exact nature of the
changes in circulation which might have resulted
from the eruption are not known. Therefore, it
is difficult to link the floods to the eruption. As
with global warming, considerable study and
analysis will be required before any conclusions
can be drawn regarding the impact of the erup-
tion on global circulation and specific rainfall
pattemns. Preliminary tests using the current El
Nino Southern Oscillation (ENSO)-related sea-
surface temperature anomalies in the tropical
Pacific in a numerical climate model at the
National Meteorological Center show a response
that replicates the observed precipitation and
temperature anomalies to a noticeable extent.
This suggests that the current long-lived ENSO
event is probably contributing to the large-scale
atmospheric features associated with the floods.
Similar, though less intense, features were also
observed in 1992, however, with no significant
flooding occurring in the areas affected in 1993,
Moreover, Wayne Wendland, Illinois State Water
Survey, showed that, for ¢ight ENSQ events of
varying intensity since 1952, the associated mean
precipitation over the upper Mississippi River
Basin differed by less than 10 percent from the
long-term average for the period 1961-1990, In
any case, there were certainly other contributing
factors to the 1993 floods. It will take more
detailed analysis, invelving both observations
and coupled ocean/atmosphere global circulation
models, to get a definitive understanding of the
role of sea surface temperatures in the tropical
Pacific in the recent extreme precipitation events.

Description of Storms

One of the unusual aspects of the floods of
1993 was that they were not the product of one



single, large-scale event, such as an intense
synoptic scale cyclone or snowmelt and runoff.
The flood-producing rainfall events were typical-
ly the result of thunderstoms repeatedly forming
and moving over the same area, a phenomenon
sometimes referred to as the “train effect.”
Storms of this kind usually form right along, or
just to the north or northwest of, a slow moving
or stationary front aligned parallel or nearly
parallel to the upper air winds. Weather distur-
bances moving along the surface front will cause
the warmer air to the south or southeast of the
front to be forced to rise over the cooler air to
the north or northwest. In an area determined by
the air mass and circulation characteristics, the
warm air will have risen to a level where it will
begin to rise freely and rapidly due to convec-
tion, generating thunderstorms which then move
with the upper winds. In these situations, it is
common for thunderstorms to form in and then
move over the same areas, one after the other,
creating the “train effect.”

The alignment of the surface fronts and the
jet stream during the summer of 1993 was highly
favorable for the formation of the kind of weath-
er disturbances which set off the “train effect”
thunderstorms. The intensity of these storms,
once they formed, was then enhanced by the
extreme nature of the temperature contrasts
across the region and the intensity of the jet
stream.

By the summer of 1993, the mean position
of the jet siream was firmly established over the
northern portion of the Mississippi River basin
with a southwest-northcast orientation. Major
flooding began after a particularly heavy rainfall
period in mid-June in southwest Minnesota and
northwest lowa. This included record flooding
on the Minnesota River.

Following a short drv period, the area expe-
rienced a prolonged siege of heavy rainfall from
late June extending through July 1l. This
included extreme precipitation on July 9 in Iowa,
which resulted in record flooding on the Rac-
coon and Des Moines Rivers. Just as the crests
from these two rivers reached Des Moines, lowa,
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a relatively small, convective pocket dumped
several inches of rain on the crests, rapidly
boosting the river levels and flooding a water
trcatment plant in Des Moines. This rainfall
event also led to record flooding on portions of
the lower Missouri River and combined with the
crest already moving down the Mississippi River,
causing record river stages from the Quad Cities
area, through St. Louis, and as far south as
Thebes, Illinois.

Another major precipitation impulse occurred
July 21 to 25. The heaviest rains were focused
farther south than the earlier events, with espe-
cially heavy rain falling over eastern Nebraska
and Kansas, leading to second major crests on
both the Missourt and Mississippi Rivers, A
third smaller crest occurred on the Missour
River in late August.

Hydrologic and Hydraulic Antecedent Condi-
tions

There are a number of conditions which can
affect runoff in a river basin and result in major
flooding. The four most significant conditions
relevant to the floods of the summer of 1993 in
the upper Mississippi and lower Missouri River
Basins were base flow, snow cover, soil mois-
ture, and antecedent precipitation,

1. Base Flow

Along the Mississippi River from Hastings,
Minnesota, to Guttenberg, lowa, flows displayed
an average fluctuation consistent with the alter-
nating, patterns of colder and milder weather.
This trend was also generally observed along the
Mississippi River tributaries in western and
central Wisconsin, except that base flows tended
to remain somewhat above average for most of
the season along these tributaries. On the Min-
nesota River, base flows were well above the
monthly averages throughout the winter.

From Lock and Dam 11 in Guitenberg,
Iowa, to Lock and Dam 22 in Saverton, Missou-
ri, streamflows were unusuaily high during the
winter and spring of 1992-93. River flows at



Lock and Dam 11 were between 30,000 and
40,000 cubic feet per second (cfs) in January and
February, compared to average flows of 25,000
cfs. Lock and Dam 22 recorded river flows
greater than 60,000 cfs for most of the same
time period, compared to average flows of
35,000 cfs. The Rock and Illinois Rivers, two
major tributaries to the Mississippi River from
the Illinois side, experienced similar unseason-
ably high base flows throughout the winter.

This indicates high base flow as a moderate
contributing factor to the summer floods on the
tributaries, and as a very significant coniributing
factor to the summer floods.

2. Snow Cover

Although not record breaking, the snow
cover in the upper Mississippi River Basin at the
beginning of the 1993 spring season was some-
what greater than normal, particularly in south-
ern areas. Across southern Minnesota and
western and central Wisconsin, snow depths at
the end of February 1993 were generally in the
9- to 18-inch range with water equivalents in the
2- to 4-inch range. Frost penetration ranged
from 14 inches at Lamberton to 34 inches at
Morris in Minnesota, with a similar range in
western and central Wisconsin. These values are
not abnormal, and suggest that snow and soil
conditions at the end of winter 1992-93 were not
significant contributing factors to the floods of
the summer 1993. Melting snow, however, did
combine with above normal spring rains and
below normal spring temperatures to adversely
affect soil moisture conditions.

3. Soil Moisture

Soil moisture across Minnesota, Wisconsin,
and Iowa in the spring of 1993 was extremely
high, making this a significant contributing
factor to the floods of the summer of 1993, The
following shows soil moisture as a percent of
capacity in four States of the nine-State area:
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Minnesota 85 percent
Iowa 85 percent
Wisconsin 75 percent
Illinois 80 percent

These high values meant that a large percentage
of new precipitation had nowhere to go but
directly into runoff.

4. Precipitation

Precipitation patterns over Minnesota, Wis-
consin, and Iowa since 1992 were a significant
contributing factor to the floods of 1993. No-
vember 1992 precipitation was higher than
average in all of the Midwest. Statewide precip-
itation records in lowa, Minnesota, and Wiscon-
sin were the greatest of any November since
1895. Illinois and Missouri were the second
wettest. The period January through August
1993 broke many precipitation records. The first
three months of 1993 generally recorded near
normal precipitation. The spring of 1993 was
characterized by two highly significant climatic
factors: above normal precipitation and below
normal temperatures.

Above normal precipitation fell in most areas
in Apnl and throughout the region in May.
Nearly twice the normal precipitation fell in
May. This above normal precipitation was
accompanied by significantly below normal
temperaturcs. Mean April temperature ranged
from 3 to 4 degrees below normal across the
entire area, with isolated stations reporting
monthly averages about 7 degrees below normal.
Monthly average temperatures for May were
colder than normal by 1.5 to 2.5 degrees Celsius.

Rainfall for May varied from 4 inches in
Missouri, lowa, Minnesota, and southern Illinois
to more than 6 inches in the western half of
Iowa and extreme¢ Missourt. This combination
of precipitation and temperature had several
effects. The above normal precipitation, com-
bined with the melted winter snowpack, left soils
very close to saturation. The cooler tempera-
tures inhibited evapotranspiration, further pro-



moting saturated soil conditions and ponding in
fields. Both of these conditions delayed planting
and inhibited crop root growth, which further
contributed to excessive runoff.

How Well Flood Control Measures Performed

The effects of flood control structures are
questioned every time a large flood occurs, and
the Great Flood of 1993 proved to be no excep-
tion. Almost every night, the news media
showed film of levees overtopping and rampag-
ing floodwaters entering protected areas. Essen-
tially, little media coverage was seen of flood
control projects successfully preventing flooding.
The impression on the part of the general public
seemed to be: Why is a flood occurring with all
the flood control structures that exist? What has
gone wrong? The perception was that therc had
been a “failure” of flood control structures.

Contrary to popular belief, structural mea-
sures - levees, floodwalls, and reservoirs - per-
formed exiraordinarily well during the flood of
1993, All structures that were designed for an
event of this magnitude prevented flooding to the
areas protected by the structures. In fact, many
levees designed for events less severe than the
1993 flood also stood up to this event due to
heroic floodfight measures. Were it not for
Federal flood control structures, an additional
$19 billion in damages (based on estimates from
existing damage curves) would have been experi-
enced.

Existing reservoirs provided $11 billion in
damage prevention in the 1993 flood and re-
duced flood stages up to 5 feet in the main stem
rivers. Three major urban levees/floodwalls in
the St. Louis area would have overtopped with-
out the reservoir reductions. Six levees in
Kansas City would have overtopped without the
Missouri River Basin reservoirs.

Existing levees provided $8 billion in dam-
age prevention in the 1993 flood. Damages of
$4.1 billion are estimated to have been prevented
by levees along the Missouri River, especially
around the Kansas City metropolitan arca, A

significant portion of an estimated 33 billion in
damages prevented around the St. Louis metro-
politan area was attributable to levees. Another
$1 billion or more in damages was prevented
along the upper Mississippi River and tributaries
in the Rock Island and St. Paul District areas.

Response and Recovery

Under Public Law 84-99, the Corps of Engi-
ncers may provide emergency assistance for
flood response and post-flood response activities
to save lives and protect improved property (i.e.,
public facilities/services and residential/commer-
cial developments) during or following a flood.
Acting for the Secretary of the Army, the Corps
is also authorized to undertake activities includ-
ing disaster preparedness, advance measures,
emergency operations, rehabilitation of flood
control works threatened or destroyed by floods,
and provisions of emergency water due to con-
taminated sources.

District Emergency Operations Centers
{(EQCs) were activated, and flood area engineers
were dispatched to areas to provide technical
assistance which included the following:

ww 24-hour-a-day service to local communi-
ties by field EOCs;

— OQOperation of permanent flood control
projects;

— Emergency construction technigues for
levee raises, closures, and sandbagging opera-
tions; and

- Monitoring flood protection works.

Corps personnel provided technical engineering
support such as: mechanical and structural design
assistance, hydraulic and hydrologic forecasting,
and geotechnical soil stability assessments. Field
personne¢l worked in teams of two; one member
of each team was an engineer or an e¢ngingering
technician.

Based upon past experience of the area flood
engineers, information was provided to the
communities regarding arcas of potential seep-
age, sand boils, and erosion potential. Informa-




tion regarding emergency interior drainage
treatment facilities and technical assistance on
filling sandbags, the proper use of polyethylene,
and the sizing and placement of portable pumps
was also provided to the communities.

As the flood progressed, it soon became
apparent that human resources would not be
enough to handle the work load. To solve this
problem, the Districts involved in the flood sent
out requests for personnel o other Divisions and
Districts and other agencies such as the Bureau
of Reclamation. In some Districts, retirees who
were familiar with dams and levees were re-
called to supplement the staff.

Every lock on the Mississippi River encoun-
tered a unique set of problems. Lockmasters at
each lock determined what parts and equipment
they would need even before the flood crest.
They also determined what parts could be saved,
dried, and repaired, and what equipment would

be replaced. The locks were ready for operation

before the Coast Guard had determined the river
to be safe for traffic.

The extended spring high water and abnor-
mal June-July flooding resulted in severe
shoaling of the channel and required extensive
dredging in the St. Paul and St. Louis Districts.
There were several channel closures as a result
of the combination of shoaling, vessel
groundings, and the efforts of the vessels to get
free.

Despite the critical situation for navigation,
every effort was made to avoid adverse environ-
mental impacts from dredged material placement.
Nearly 80 percent of the material was placed at
locations where the material was considered a
beneficial use. Most of the remaining 20 percent
was placed at designated temporary sites where
long-term plans are to remove the material and
transfer it to permanent beneficial use locations.

On the Missouri River, impacts to the navi-
gation projects were substantial in that stone-
filled dikes and revetment structures were se-
verely damaged in at least 45 locations and will
have to be repaired or replaced. The side chan-

1-7

nel areas were also severely eroded, allowing for
potential channel change and shoaling conditions
to develop within the channel.

Findings

1-a) The 1993 flood was the greatest flood
ever witnessed in some locations. The areal
extent of the persistent rainfall and flooding
was unprecedented. Over the nine-State
region of the Upper Midwest, the USGS-
measured discharges exceeded the i0-year
event at 154 stream gaging stations, exceeded
the 100-year event at 46 stations, and exceed-
ed the flood of record at 42 stations (some of
which have more than a century of data).
Flood frequencies exceeded the 500-year event
at some locations along the Missouri and
Mississippi Rivers, as well as some of their
tributaries.

1-b) Existing reservoirs provided S§11
billion in damage prevention in the 1993 flood
and reduced flood stages up to 5 feet in the
main stem rivers. Three major urban lev-
ces/floodwalls in the St. Louis area would
have overtopped without the reservoir reduc-
tions. Six levees in Kansas City would have
overtopped without the Missouri River Basin
reservoirs.

1-¢c) Damages of $4.1 billion are estimated
to have been prevented by levees along the
Missouri River, especially around the Kansas
City metropolitan area. A significant portion
of an estimated $3 billion in damages prevent-
ed around the St. Louis metropolitan arvca was
attributable to levees. Another $1 billion or
more in damages was prevented along the
upper Mississippi River and tributarics in the
Rock Island and St. Paul District areas.

1-d) Floods greater than the 1993 flood
catastrophe will happen in the future. It
would be prudent to prepare for future floods
larger than the 1993 event. When we are
properly prepared for catastrophic flood
events, smaller floeds will be more casily
accommaodated.



CHAPTER 2 - FORCES IMPACTING USES OF THE FLOODPLAIN

Introduction

The Floodplain Management Assessment
(FPMA) study has examined the forces impact-
ing uses of the floodplain. This examination
includes a Historical Evaluation, a statement on
Economic and Social Forces, an Institutional
Inventory, and a review of Policies and Pro-
grams. The Historical documentation includes
a look at: (1) historical reconstruction to develop
a picture of how the relatively undisturbed
system functioned compared to how the sysiem
functions today; (2) historical data to document
preproject channel conditions, describe channel
stability/instability, and identify patterns of
development; (3) riverine-riparian biodiversity in
the historic floodplain; and (4) an assessment of
the relative impacts of dams, diversions, levees,
and other impacts. The Economic and Social
Forces influencing uses of the floodplains are
only briefly addressed in this chapter since these
areas have been more extensively addressed by
others in separate studies. The Institutional
Inventory includes a compilation (list) of Feder-
al, State and Local Agencies; Tribal Govern-
ments; Organizations and Interest Groups; Levee
and Drainage Districts; Agriculture and Recre-
ational Interests. This list is provided in Appen-
dix D of the report. An evaluation of how these
players interact, overlap, link together, or contra-
dict purposes or goals was beyond the scope of
the FPMA. The Policies and Programs evalua-
tion has looked at the variations between States
and local units of government; reviewed the
compatibility of floodplain strategies; and looked
at the effectiveness of various floodplain man-
agement approaches such as the National Flood
Insurance Program. For a more in-depth analy-
sis of the policies and programs, see Chapter 6
of this report. As we have begun to analyze
these floodplain forces (Historical, Institutional,
Policies and Programs), we know that: (1) the
extent of damages from flooding has increased
over time; (2) the responses to flooding are
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becoming more technical and sociopolitical; and
(3) the institutional setting in relationship to
flooding has become increasingly complex.

Historical Evaluation

The Upper and Middle Mississippi River History
(1866-1993)

This historical overview provides a
context for understanding how the middle and
upper Mississippi River and the institutional
arrangements for managing it had evolved by the
eve of the 1993 flood. It will also help to
answer questions that Congress and Corps of
Engineers headquarters have asked of the study
team, questions that many in the public have
asked as well. These questions include: How
and why have the existing land and water re-
sources in the floodplain been used? What is the
potential to rearrange current uses of the flood-
plain? How have various interests come to have
an interest in the floodplain and how did they
develop their relative strengths? How have
different floodplain management and flood
control practices come to be? And what role
have Corps projects and policies played in
shaping floodplain use and development? Dur-
ing and since the flood, uncounted stories have
been written about it. Many of these stories
have perpetuated common misconceptions about
the history of floodplain development and of
flood control projects and policies. Another
purpose of this history, therefore, is to dispel
these misconceptions. On the Mississippi River
main stem, the flood of 1993 played itself out on
a landscape largely established by 1940. That
landscape--physical, ecological and hydraulic--
was dramatically different from the one sculpted
in the eons before Europeans and Americans
arrived in the Mississippi River valley. The
dominant player in defining the landscape was
the Federal Government acting for navigation
interests, floodplain farmers and conservationists.




By 1940, members of these groups had come to
expect Federal aid in their efforts to use the river
and its valley, With the flood control acts
authorized for the upper Mississippi River be-
tween 1917 and 1938, Congress approved the
first major Federal efforts to fortify the upper
and middle Mississippi River's agricultural
levees. After 1938, Congress and the Corps--at
the insistence of floodplain occupants--expanded
flood control to include urban areas, reservoir
projects, and the river's tributaries. The greatest
changes in the upper Mississippi River Basin
after 1940 would occur in the river's tributaries
and uplands. Floodplain management received
little attention before 1960. After 1960, it would
get greater notice, but old patterns would domi-
nate floodplain and flood control policy up to the
1993 flood.'

More than any other agency, the U.S.
Army Corps of Engineers has reshaped the upper
and middle Mississippi River. To understand
how and why the Corps first became involved
with the river and how the Corps initially trans-
formed the river's landscape, we have to examine
navigation improvements. Navigation improve-
ments have been among the most powerful
influences defining the Mississippi River and its
floodplains between the Ohio River and Minne-
apolis.

Before 1866, the river--especially above
St. Louis--still possessed most of its natural
character. Trees filled and enshrouded it
Hundreds of islands, some forming and others
being cut away, divided it, dispersing its waters
into innumerable side channels and backwaters.
During high water, the river spread into its vast
floodplains, filling lakes and sloughs, covering
low-lying prairies, and flowing through the
bottomland forests. Sandbars, hundreds in the
main channel alone, segmented the natural river
into a series of deep pools separated by shallows.
Before the Civil War, the Corps had removed
some rock from the Des Moines and Rock Island
Rapids, had improved the St. Louis and Dubuque
harbors, and--particularly below St. Louis--had
pulled some trees from the river and had cut

others from the river's banks. But, this work had
been local and limited?

Midwesterners and the ever increasing
stream of immigrants inhabiting the Mississippi
River valley demanded more extensive and
systematic improvements. To them, the river
was a poorly constructed highway that promised
to become the region's greatest commercial
artery, if properly improved. With increasing
intensity from 1866 on, they sought access to the
Atlantic Ocean and the world through the Mis-
sissippi River to realize their manifest destiny.
That destiny, they beliecved, was to become a
commercial and industrial power as strong as the
East, as well as the Nation's breadbasket. To
fulfill this destiny, they would lobby Congress to
reshape the upper Mississippi River. In re-
sponse, Congress has authorized four broad
navigation projects for the upper Mississippi
River between Minneapolis and St. Louis since
1866: the 4-, 4}4-, 6- and 9-foot channel projects.
Each depth was set against the low-water year of
1864. Ideally, the river would carry a 4-, 4%-,
6- or 9-foot depth if it fell as low as it did in
1864. For the Mississippi River between the
Hlinois River and St. Louis, Congress authorized
a 6-foot channel in 1881 and that same year
approved an 8-foot channel for the river between
St. Louis and the Ohio River.?

In 1866, States along the upper and
middle river convinced Congress to authorize the
Corps to establish a 4-foot channel through
dredging, snagging, clearing overhanging trees,
and removing sunken vessels. To work on this
project and on surveys of the upper river and its
tributaries, the Corps established offices in St.
Paul, Minnesota, and Keokuk, Iowa, in 1866.
And in 1873, the Corps transferred duties for the
middle Mississippi River from its Office of
Western Improvements in Cincinnati to St
Louis. With the 4-foot project, and its new
District offices, the Corps became the first
agency to acquire a full-time management role
on the upper and middle Mississippi River.!



Under the early improvement efforts on
the middle Mississippi River and the 4-foot
channel project on the upper river, the Corps
began changing the river's landscape, hydraulic
regime, and ecosystems. By removing snags,
leaning trees, and sandbars, the Corps began--if
only slightly--allowing the river to move faster
down the main channel. The Corps simply did
not have the equipment, personnel, or authority
to make significant and lasting changes.

As the Midwest's population and agricul-
tural production grew following the Civil War
and as railroads began monopolizing bulk com-
modity transportation in the Midwest, pressure
mounted on Congress to authorize more signifi-
cant improvements. Responding to popular
demand and strong lobbying by the timber
industry, farmers, and upper river States, Con-
gress authorized the 4%-foot channel project for
the upper river in 1878.° Three years later,
Congress approved a 6-foot channel for the
Mississippi River between the Illinois River and
St. Louis and an 8-foot channel for the river
between St. Louis and the Ohio River. Under
these projects, Congress directed the Corps to
make the upper and middle Mississippi River
into a predictable and reliable highway. This
meant that the Engineers would have to create a
permancnt, continuous channel for the entire
river between St. Paul and the Ohio River.

To achieve the 4'%-, 6- and 8-foot chan-
nel depths, the Corps constricted or narrowed the
main channel and cut off many of its side chan-
nels. They accomplished this by building wing
dams, closing dams, and riprapping the river's
banks. Long, narrow piers of rock and brush,
wing dams jutted into the niver from the main
shoreline or from an island. Placed in a series
along one or both sides of the channel, the wing
dams reduced its width at low flows, Funneled
between the dams, the faster moving river car-
ried more sediment. Some of this sediment the
river deposited in the calmer waters behind or
between the wing dams. Within a few years, the
space between the dams began filling with sand
and plants. On the middle river, the Engineers
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used hurdles. These structures were similar to
wing dams but were made by driving piles into
the riverbed and weaving willow mats between
them, So much silt entered the Mississippi River
from the Missouri River that the willow mats
filled quickly with sediment.’

Channel constriction demanded a strong
flow of water in the main channel. During the
late summer or early fal!, the Mississippi River
usually became a shallow, slow-moving stream.
Droughts had the same effect but could last an
entire season. To deliver more water to the
main channel, the Engineers built closing dams,
These dams ran from the shore to an island or
from one island to another or across side channel
openings. While the river could flow over the
closing dams when high, for much of the year
the dams directed water into the main channel.
Despite navigation improvements made under the
4Y:-foot channel project, steamboat traffic on the
upper Mississippi River declined; railroads still
offered greater reliability and beiter economies
of scale.

In 1902, railroad baron James J. Hill
declared that shipping on the upper Mississippi
River had declined so much that the river was no
longer worth improving. Hill scared cities and
business interests along the river and triggered
the first sustained river improvement movement
by Midwesterners. With a strong national
interest in waterway development, a positive
survey report by the Corps, and a railroad car
shortage in 1906 that left grain rotting at Mid-
western terminals, navigation interests pushed for
and won the 6-foot channel project for the upper
Mississippi River on March 2, 1907. Under this
project, the Corps intensified channel constric-
tion, further narrowing the upper river.” In 1927,
Congress would increase the middle Mississippi
River operating depth from 8 to 9 feet. Channel
constriction aided by dredging would be the
primary methods here as well.®

By 1930 the Federal Government,
pushed by navigation interests, had become the
most influential agency on the middle and upper



Mississippi River. Through the channel constric-
tion projects, the Corps had transformed the
Mississippi River between St. Paul and the Ohio
River. In the 140-mile reach between the Twin
Cities and La Crosse, they had built over 1,000
wing dams, and over 300 between St. Louis and
the Ohio River.’ But navigation supporters were
not alone in transforming the Mississippi River
to meet their dreams, Over the same era, flood-
plain farmers would greatly alter the river be-
tween Rock Island and Cape Girardeau.

Qutside the navigation interests and the
Corps, floodplain farmers became the primary
interest actively transforming the Mississippi
River and soundly establishing their stake in how
it would be managed. The origin of the Missis-
sippi River's levee system is largely a history of
private development. Some farmers began
building levees on the upper and middle river
before the Civil War, Soon after the war, they
organized into levee districts and began the first
concerted effort to secure the river's floodplaing
for agriculture. They extended and raised levees
and began draining the lands behind them.
Before the Corps became involved in levee
construction, these farmers had defined many of
the floodplains that would be taken from the
river.' Whereas channel constriction had altered
the whole upper river, reclamation and levee
building would transform the river most signifi-
cantly below Rock Island.

The Corps of Engineers reluctantly
entered flood control on the upper Mississippi
River under its navigation improvement authori-
ty.!" During the 1880s, individuals and organiza-
tions occupying the floodplain began pushing for
Federal help.”> As early as 1884, the Sny Island
Drainage District--enclosing over 110,000 acres--
south of Quincy, Illinois, asked the Federal
Government to rebuild its 50-mile-long levee.
The Corps reviewed the project and concluded
that the levee did not help navigation and suc-
cessfully recommended against Govemment
support.”” But the levee district persisted, and in
the 1886, 1888, 1890, 1892 and 1896 Rivers and
Harbors Acts, Congress authorized funding to

preserve portions of the Sny Island levee in
danger of eroding. The Engineers used this
money to repair and riprap the levee and to build
wing dams to throw the river's current away
from it."*

Pressure also continued from other levee
proponents, and in 1894, Congress instructed the
Corps to survey the Mississippi River's west
bank from Flint Creek, just north of Burlington,
Towa, to the Iowa River, and the river's east bank
from Warsaw to Quincy, Illinois. Congress
directed the Corps to determine how levees
could help navigation.” Based on the Corps
surveys, Congress, in 1895, authorized funding
for both levees. In each case, the Corps was to
improve navigation "by preventing the water
from overflowing the natural and artificial banks
along that part of the river, and deepening the
channel,...""* The Corps completed the nearly
50-mile Warsaw to Quincy Levee in 1896 and
the 35-mile Flint Creck Levee in 1900.

By 1900, Congress had directed the
Corps to build or protect some of the most
important agricultural levees on the upper Mis-
sissippi River. In doing so, Congress avoided
difficult constitutional questions about the Feder-
al Government's role in flood protection. From
its origins, the American Government had been
reluctant to fund infrastructure projects because
they so often benefited local or regional inter-
ests.”® But, from the Corps' perspective, working
on levees established contradictory approaches to
managing the upper river. Corps engineers criti-
cized protecting or building levees in the name
of navigation because levees designed for high
water flows scoured and placed sediment differ-
ently than channel constriction works designed
for low flows. Considering Corps protests and
questions about the Federal Government's role in
flood control, Congress authorized no more levee
work for the upper river until the 1917 Flood
Control Act."”

This did not stop farmers along the river
from building levees and claiming more of the
river's floodplain. In 1914, the Mississippi River



Commission reported that 52 levee and drainage
districts had been created between Cape
Girardeaun, Missouri, and Rock Island. While
most of the levees were low and poorly built,
they defined the first major taking of the river's
floodplains.?® The Mississippi River
Commisgsion's report came at the end of one of
the strongest periods of levee district formation
on the middle and upper river. Seventeen, over
half, of Illinois' Mississippi River levee districts
were formed between 1905 and 1916. Through
their efforts, farmers below Rock Island estab-
lished their stake in how the upper Mississippi
River would be managed for flood control and
floodplain development.

Congress had created the Mississippi
River Commission in 1879 to develop plans for
improving navigation, to "prevent flooding,” and
to generally promote commerce, Its flood
prevention authority extended only to planning
efforts, however. Not until the flood of 1882 did
the Commission receive authority to build lev-
ecs. But this authority was only for improving
navigation and it applied to the river below
Cairo. In the 1913 River and Harbor Act,
Congress extended the Commission's authority to
Rock Island.?!

In a 1912 article on reclamation, Charles
W. Durham, who had been the local engineer in
charge of the Flint Creek Levee for the Corps,
captured the significance of the reclamation to
many Midwesterners. He asserted that:

Aside from the pecuniary considerations,
it i1s manifest that the conversion of a
low, swampy and almost worthless tract
into an aggregation of fertile farms with
appropriate dwellings and farm buildings
occupied by an industrious and prosper-
ous population well provided with
schools and good roads and reasonably
insured against the inroad of malarious
diseases, will be of great and lasting
benefit to the public welfare and public
health, which are important requirements

2-5

of the drainage laws of the upper Missis-
sippi valley states.”

Durham further contended that it had "become
imperative to protect low lands from overflow by
means of levees and to get rid of surface water,
seepage, swamps, eic., by means of ditches and
pumps,...." because good land was becoming
scarce and productive lands in the floodplain had
to be preserved. "Thus the matter of conserva-
tion and improvement of the soil," he declared,
"has become one of the most potent questions of
the day and applics with force to the valleys of
the Mississippi and its tributaries."” Durham
represented the mind-se¢t of most Americans
during this era--the same mind-set underlying the
push for the river's development as a navigation
corridor. Under this mind-set, failing to use the
Nation's bountiful natural resources was waste-
ful.®*

Responding in part to States along the
Mississippi River, Congress passed an official
flood control act in 1917.** The country's first
flood control act, it allowed the Corps to work
on levees from the Head of Passes in Louisiana
to Rock Island and on the Sacramento River, in
California.®® This act, more so than the 1936
Flood Control Act, marks the formal beginning
of the Corps involvement in flood control on the
upper and middle Mississippi River. Through
this act, the Federal Government assumed an
official role in securing the Mississippi River's
floodplains for agriculture and gave the Corps a
new mission for managing the middle and upper
Mississippi River, a mission Congress strength-
ened in the 1928 Flood Control Act?” Under
these two acts, the Corps helped fortify levees in
11 levee and drainage districts that enclosed over
260,000 acres of floodplain.®®

Then, in 1936, Congress passed the first
national flood control act. Along with the 1938
Flood Control Act, this act broadened the Corps'
role in flood control on the Mississippi River.
These acts provided for flood control reservoirs,
urban or local flood protection projects, and
floodplain management. For the middle and




upper river's main stem, however, the acts fo-
cused on agricultural levees. Under the 1936
Flood Control Act, Congress authorized 26
projects for the Mississippi River's main stem
above the Ohio River. Of these, 25 called for
raising and enlarging existing levees protecting
agricultural lands. Only the East St. Louis and
Vicinity project was authorized to protect an
urban area.”® Congress extended its protection of
the main stem's agricultural levees in the 1938
Flood Control Act. The five levee improvement
projects authorized in this act were to protect
existing levee and drainage districts in Illinois
between Alton and the mouth of the Ohio River.
Together with the agricultural levee improve-
ments authorized under the 1936 act, these
projects fortified most of the levee system on the
Muississippi River in Missouri and Illinois. And
as the Corps had reinforced the levee system
above Alton under the acts preceding 1936, the
Corps had helped secure most of the important
agricultural levees between Rock Island and the
Ohio River.

Congress extended the Corps' flood
conirol work to the middle and upper rtiver's
tributaries in the 1936 act. Congress had autho-
tized improvement of many of the Iflinois
River's agricultural levees in the 1928 act, but
little work had been approved for other tributar-
ies. In 1936, Congress authorized 15 projects
for the Illinois River, 14 for agricultural levee
and drainage districts and one for a levee setback
and floodway improvement.”® Demonstrating its
willingness to consider non-levee projects,
Congress authorized four flood control reservoirs
for the main stem's tributaries in the 1936 act
and another in the 1938 act. In 1936, it provid-
ed for dams and reservoirs at Decorah, Iowa, on
the Upper Iowa River, and for the Des Moines
River about 60 miles below Des Moines (Red
Rock project). For Hlinois, Congress approved
the Carlyle dam and reservoir on the Kaskaskia
River, and for Minnesota, it approved the Lac
qui Parle dam and reservoir on the upper Minne-
sota River. The Decorah, Carlyle, and Red Rock
projects were specifically aimed at protecting
urban populations, although they guarded agri-

cultural lands as well. The Lac qui Parle project
had the more general objective of safeguarding
the Minnesota River valley downstream.”’ In
1938, Congress authorized the Coralville dam
and reservoir, on the Iowa River, to protect lowa
City and some 1,073 square miles downstream .*
With these projects, Congress had authorized
four of the major reservoirs that would be built
on the upper Mississippi River's tributaries above
the Missouri River's mouth (Decorah would
become a diversion project).

In the acts passed between 1886 and
1938, Congress established the Federal
Govemment's role in protecting property and
people in the upper and middle Mississippi River
valley from floods. It instilled the expectation
that the Federal Government would do so.
Through these acts, Congress e¢ndorsed and
encouraged floodplain development for agricul-
ture. And the acts solidly anchored the Corps’
and Congress' reliance on levees and other
structural measures. When added to the naviga-
tion improvement mission, the flood control
responsibility extended and deepened the Corps’
management role on the Mississippi River.

Combined with channel constriction,
reclamation had transformed the landscape,
environment and hydraulic character of the
Mississippi River between Rock Island and the
Ohio River. Whereas moderate floods above
Rock Island could still spread over most of the
natural floodplain, only larger floods could do so
below Rock Island. Here the river was now
constricted at both high and low water.

By the 1920s, some conservationists
argued that reclamation, channel constriction,
pollution, siltation, and overuse threatened to
overwhelm the river's fish and wildlife,. Conse-
quently, they initiated two efforts to reserve and
develop large parts of the upper Mississippi
River for native plants and animals and for
recreation.”  First, they tried to establish a
national park, and second, they sought to create
a national wildlife and fish refuge. Through
these two movements, conservationists more



clearly defined their visions for the river and
organized to achieve those visions. Proposed in
the early 1900s, the park movement gained
strength after 1916. By 1921, however, it had
stalled and conservationists started a new move-
ment.

In 1922, Will Dilg--the Izaak Walton
League's co-founder--suggested that Congress
create a 260-mile-long national fish and wildlife
refuge between Wabasha, Minnesota, and Rock
Island. To convince Congress to act quickly and
positively, refuge proponents argued that the
upper Mississippi River valley faced an environ-
mental ¢risis. If Congress did not create the
refuge immediately, the Nation would lose one
of its greatest fish and wildlife reserves, impor-
tant commercial food and fur resources, the best
recreation area in the central United States, and
spectacular scenery. To bolster their arguments,
they secured experts and concerned citizen
groups from around the country to testify for the
bill. H.C. Oberholser, speaking for the Biologi-
cal Survey, asserted that "we must, if we are to
keep up the supply of our wild life, do some-
thing before it is too late; and it is rapidly be-
coming too late."**

Under Dilg's leadership, conservationists
used the draining of floodplain wetlands to push
for the refuge. In 1923, landowners in an area
called Winneshiek Bottoms proposed to drain
much of this 30-mile-long wetland for agricultur-
al use. The bottoms comprised an area of about
13,000 acres below Lansing, Iowa, on the Wis-
consin shore and about 15,000 acres above
Lansing on the Iowa side. This project showed
that farmers above Rock Island were beginning
to think about using the river's floodplain
wetlands.*

Responding to pleas by conservationists
and to national support for the refuge, Congress
passed the refuge bill, and President Calvin
Coolidge signed it on June 7, 1924, creating the
Upper Mississippi River Wildlife and Fish
Refuge. Congress appropriated $1.5 million for
purchasing land between Rock Island and

Wabasha, and by 1929, the Federal Govermment
had bought over 100,000 acres for the refuge,
which would eventually include 195,000 acres.*
The refuge further defined the upper Mississippi
River's landscape by removing much of this land
from potential reclamation.

Just as conservationists won the refuge,
navigation on the upper river died. By 1918,
virtually no through traffic moved between St.
Paul and St. Louis. As the region's need for a
diverse transportation system had grown, its
shipping options had declined, creating a trans-
portation crisis. Railroad car shortages, the
Panama Canal's opening in 1914, several Inter-
state Commerce Commission decisions, and the
failure of channel constriction to restore river
traffic erected, some Midwesterners declared, an
"economic barrier” around their region. Al-
though the Engineers had built thousands of
wing dams and had closed many of the river's
side channels, they had been unable to create a
dependable navigation channel. All too fre-
quently, droughts and floods made the channel
impassable. Rail car shortages, occurring in
1906-1907, during World War I, and in 1921,
caused acute, short-term shipping crises, and
pointed out the Midwest's dependence on rail-
roads.”’” The Panama Canal's opening in 1914
redefined the Midwest's transportation problems.
While railroad car shortages had been infrequent,
the Panama Canal created a probiem that prom-
ised to become steadily worse. Economically,
the Panama Canal moved the East and West
coasts closer to each other while moving the
Midwest farther away from both coasts. Busi-
nesses could ship goods from New York to San
Francisco through the Panama Canal cheaper
than Midwesterners could ship goods to either
coast by rail.**

In response, Midwestem business and
navigation interests initiated another movement
to revive navigation, a movement that surpassed
all previous movements. Between 1925 and
1930, they fought to restore commerce and to
persuade Congress to authorize a new project for
the river, one that would allow the river to truly



compete with railroads. It would draw support
from the largest and smallest businesses in the
valley, from most of its cities, from the
Midwest's principal farm organizations, and from
the major political parties. Responding to this
movement, Congress included the 9-foot channel
project in the 1930 Rivers and Harbors Act.*’

With the 9-foot channel project, Con-
gress anthorized a new approach to navigation
improvement on the upper Mississippi River.
Rather than narrowing the river and depending
solely on the flow of water from the basin,
Congress approved 23 locks and dams to siore
water in reservoirs or pools. Only in this way,
the Engineers insisted, could they guarantee a 9-
foot channel.

Placing locks and dams in the river was
not a new idea. During the second decade of the
20th century, navigation and hydroelectric power
backers joined to build two structures. In 1913,
the Keokuk and Hamilton Power Company
completed a hydroelectric power plant and a lock
and dam at Keokuk, Jowa. While the reservoir
created by the new dam flooded the Corps’ canal
bypassing the Des Moines Rapids, it provided a
deep channel for 41 miles upstream from the
dam. The project also helped floodplain farmers.
The hydroelectricity produced by the new plant
allowed drainage districts to employ electric
pumps to more quickly and thoroughly drain
their lands.*® And the Keokuk and Hamilton
Power Company paid for the entire lock and
dam project.

Hydroelectric power supporters did not
initiate the building of a lock and dam in the
Twin Cities but they did define how the Corps
built the project. In 1894, after decades of
lobbying, navigation advocates in Minneapolis
finally convinced Congress to build two low
locks and dams to make their city the head of
navigation on the Mississippi River. While the
project was underway, hydroelectric power came
of age and its proponents in the Twin Cities
began lobbying for a new project that called for
one high dam. In the 1910 River and Harbor

Act, Congress granted their wish. After revamp-
ing the project by removing the original Lock
and Dam 2, which had been completed in 1907,
and rebuilding Lock 1 to the new height, the
Corps completed the project in 1917. It included
the base for a hydroelectric power plant, on
which the Ford Motor Company would open its
station in 1924."'

By 1925, the Corps had leamed that it
could not achieve a 6-foot channel between
Hastings, Minnesota, and St. Paul without a lock
and dam. Pushed by navigation interests, "who
advanced money for the preliminary surveys,
borings and initial design work,” Congress
authorized Lock and Dam 2 for Hastings in the
1927 Rivers and Harbors Act and the St. Paul
District completed the project in 1930.% So by
the eve of the 9-foot channel project, three dams
were in place on the upper Mississippi River.
Through the Keckuk and Lock and Dam 1
projects, hydroelectric power interests had gained
a stake in how the river would be managed.
Through all three projects, the precedent for
navigation dams had been established.

To create a 9-foot channel, the Corps
chose locks and dams and quickly determined
that the dams would have te be quite low.
Numerous villages and cities rested just above
ordinary high water. Railroads following the
river on each bank were often just out of reach
of high water. At larger river cities, industrial
devclopments lined the stream closely. Because
of the small difference between the natural high
water mark and the elevation of railroads, build-
ings, and other structures along the river and
because of the small range of the annual flood
stages, the Engineers concluded that the dams
would have to be designed not to increase flood
stages.” While they expected that contracting
the river near the dams would increase the flood
height at the dams by 1 foot, they had calculated
that this effect would dissipate within a few
miles above the dam. Given the location of
dams, the Engineers expected no adverse effects
from flooding by this effect.*




Another constraint determined the height
of the dams. For a large part of the river below
Rock Island, the report noted, one or the other of
the banks, and in some cases both banks, were
lined by levees. These levees made any consid-
erable raising of the permanent low-water eleva-
tion a problem. Raising the river too much
would leave parts of some levees wet all year
that had previously been wet only at high and
medium river stages. Being wet all the time
would greatly weaken the levees. High dams,
the Engincers therefore determined, were not
possible. Heeding pressure from the conserva-
tionists, the Engineers also noted that low dams
would not seriously flood the Upper Mississippi
River Wildlife and Fish Refuge.”

In 1940, the Corps completed the 9-foot
channel project. Twenty-six locks and dams
now crossed the river between Minneapolis and
Alton. (Lower and Upper St. Anthony Falls
Locks and Dams would be completed in 1956
and 1963, respectively. Lock and Dam 27
would be finished in 1964, bringing the total to
29.) The 9-foot channel project again reconfig-
ured the upper Mississippi River's landscape,
hydraulic character, and environment. The pools
created by the dams permanently flooded thou-
sands of acres that had been seasonally flooded
beforec. Because the Engineers took damage to
cities, towns, and villages into consideration in
planning the location of the dams, few of them
would require special protection. The greatest
flowage effects would occur to agricultural
lands, floodplain forests, and brushlands.

The middle Mississippi River also expe-
rienced a surge of work after 1930. Frederick J.
Dgbney, author of the St. Louis District history,
reports that between 1930 and 19435, the District
spent more on navigation improvements for the
middle river than they had up to 1930. During
this era, they built 768 dikes or hurdles, totaling
404,000 linear feet, and 224 revetments or bank
protection projects, totaling 276,000 linear feet.*

The upper and middle Mississippi River's
landscape as it existed on the eve of the 1993
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flood had, for the most part, been shaped by
1940. Urban projects had yet to be built, but
these would represent minor changes in the
river's floodplains compared to what had been
done. Above Rock Island, where farmers had
constructed few levees, the 9-foot channel reser-
voirs retumed the braided channels and over-
flowed floodplains. Between Rock Island and
Alton, Illinois, the agricultural levees prevented
the reservoirs from spreading out as much.
Below Lock and Dam 26, Congress had provided
for a 9-foot channel through dredging and con-
tinued channel constriction.

In 1940, navigation was still the primary
use and the Corps the dominant agency. But
other interests had staked their claims. Farmers
had convinced the Federal Government to rein-
force their investment in the river's floodplains.
Hydroelectric power interests had acquired
important points on the river, inundating the
valley behind their dams to a level anticipating
the 9-foot channel locks and dams. Conserva-
tionists had won the Upper Mississippi River
National Wildlife and Fish Refuge, and compro-
mises made under the 9-foot channel project
signaled a new framework for managing the
upper Mississippi River.

What role the Government should play
in protecting floodplain occupants had also been
established. People expected the Federal Gov-
emment to defend them and their property,
largely at Federal expense. For the upper Mis-
sissippi River valley, this pertained mostly to the
agricultural population. But some people began
questioning this paradigm. In 1936, Harlan
Barrows and his student, Gilbert White, both
suggested alternatives to the structural approach.
In May 1936, on the eve of the Government's
entry into the national flood protection arena,
Gilbert White, who would become one of the
leading national experts on floodplain manage-
ment, suggested that land use planning might be
an effective alternative to reducing flood dam-
age. He argued that relocating structures and
modifying farming practices in some floodplains
might save more money than structural flood



control measures could, a position he articulated
in his 1942 doctoral dissertation entitled Human
Adjustment to Floods.” Then, in a report to
President Franklin Roosevelt in late 1936, the
Water Resources Committee of the National
Resources Board, which Barrows chaired, sug-
gested that preventing floodplain growth should
be tried where it would be cheaper than building
a flood storage dam. "For the first time," Corps
senior historian Martin Reuss observes, "an
official government document recommended
something other than building dams, floodwalls,
and levees to protect life and property."*® But
Congress and the Corps disagreed.* Few Amer-
icans were ready to consider floodplain regu-
lation--restricting floodplain use--until they
perceived that structural solutions had failed
or until enough Americans began viewing
floodplains as more than untapped agricultur-
al lands.

Finally, the power structure, the role of
various stakeholders, had been well grounded.
The Federal Government's hand was dominant
throughout. At the request of navigation inter-
ests and floodplain farmers and through the
Corps of Engineers, the Government had trans-
formed the river for navigation and floodplain
development. For conservationists and through
the precursors of the Fish and Wildlife Service,
it had carved out a large part of the upper Mis-
sissippi River valley for a fish and wildlife
refuge, which it managed. As of 1940, naviga-
tion interests, farmers, and others who sought to
develop the river's floodplains clearly dominated
and would for many more years.

World War II interrupted flood protec-
tion work on the middle and upper Mississippi
River. But even before the war's end, Congress
and the Corps had retumed to building the
Nation's flood protection infrastructure, and they
continued their focus on structural projecis.
While the Corps was building the agricultural
levees authorized in the 1936 and 1938 Flood
Control Acts, Congress shifted its attention tfo
urban projects on the Mississippi River and its
tributaries. Following the 1938 act and up to the
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1954 act, Congress authorized work for only two
main stem agricultural levee districts--Prairie du
Rocher and Sny Island--both in the 1946 Flood
Control Act.* In 1946, Congress also approved
the Illinois River Flood Control Project, an
unusual project in that it called for reclaiming a
levee district from agriculture.”

Urban levees were the principal focus,
however. In 1944, Congress enacted local
projects for Sabula, Des Moines, and Elkport,
Towa, and Galena, Illinois. Only Sabula lay on
the main stem.* In the 1948 Flood Control Act,
Congress authorized no projects for the Missis-
sippt River below the Twin Cities. It did ap-
prove a channel diversion project to protect
Aitkin, Minnesota, on the Misgissippi River
north of Minneapolis, a project to defend South
Beleit on the Rock River in Illinois {now
deauthorized), and a project to protect agricultur-
al bottomlands along the Henderson River.”® In
Section 205 of the 1948 act, Congress gave the
Secretary of the Army the power to approve
flood protection works under $2 million (today
this limit is $5 million). Although the Corps has
built many projects under this authority, these
projects have not been examined in this discus-
sion. In the 1950 Flood Control Act, Congress
again focused on urban flood protection, autho-
rizing projects for Canton and Cape Girardeau,
Missouri, on the Mississippi River, and another
urban project for Beardstown, on a small tribu-
tary of the Illinois River.* In neither act did
Congress authorize agricultural projects for the
main stem and only the Henderson River agricul-
tural project for the upper river's tributaries,

Congress returned to the Mississippi
River's agricultural levees in the 1954 Flood
Control Act. Up to 1936, Congress had concen-
trated on the agricultural levees between Rock
Island and Alton. In the 1936, 1638, and 1946
Flood Control Acts, it had authorized the Corps
to reinforce the levee system below Alton. With
the 1954 act, it came back to modemize the
reach between Rock Island and Alton. Under
this act, Congtress called for the modification or
construction of 14 rural levee projects within the



Rock Island District. Between Rock Island and
Hamburg, Illinois, this act called for improving
335 miles of levee "to protect agricultural land
along both sides of [a] 200-mile stretch of the
Mississippi River."” Adding the Sny Island
Levee and Drainage District to this, which had
been approved by this act and lay in the St
Louis District, increased the total miles of levee
improvement to 386.* The act also included the
Upper Iowa River project near New Albin, Iowa,
which entailed improving the outlet of the river
at its confluence with the Mississippi River to
protect agricultural lands. Through this act, as
they had done under the others, farmers strength-
ened their hold on the upper Mississippi River's
floodplains.

Urban projects received attention as well.
The 1954 act included projects for four urban
arcas: Alton, Illinois; Hannibal, Missouri; and
Sabula and Muscatine, Iowa. Although
Mauscatine and Hannibal lay on the Mississippi
River, the projects at these cities were to protect
them from flooding on tributary rivers.”” As in
1950, the 1954 act authorized no work on agri-
cultural levees on the upper Mississippi River's
tributaries; nor did it approve any urban levees
for cities on tributaries off the Mississippi River.

With the most important agricultural
levees on the upper and middle Mississippi River
being secured, Congress concentrated on urban
levees and broad flood protection on the Missis-
sippi River tributaries in the 1958 Flood Control
Act. In it, Congress approved four projects for
Minnesota: the Winona and St. Paul-South St.
Paul projects on the Mississippi River, the
Mankato-North Mankato project on the Minneso-
ta River, and the Rushford project on the Root
River. Rather than a levee, Congress authorized
a large earthen dam to protect the small town of
Spring Valley, Wisconsin, on the Eau Galle
River. The largest project under the 1958 Act
was the Saylorville dam and reservoir on the Des
Moines River, about 11 miles above the city of
Des Moines. Congress authorized this reservoir

2-11

to supplement the flood storage capacity of the
Red Rock reservoir to reduce the flood levels
downstream on the Des Moines River, especially
at Des Moines, and to lower flood levels on the
Mississippi River.*®

The 1958 act also called for two exten-
sive projects for tributaries in Illinois. On the
Rock and Green Rivers, which flow into the
Mississippi River near Rock Island, Congress
approved a long levee project protecting mostly
agricultural lands and some small towns, roads,
and railroads (this project was never built and is
now listed as inactive). On the Kaskaskia River,
which flows into the Mississippi River near
Prairic du Rocher, Illinois, Congress approved
the construction of levees to protect agricultural
lands and the building of two dams: Carlyle
(which had been authorized in 1938) and
Shelbyville,*

Building on the heritage of agricultural
levee protection and responding to growing
urban populations, Congress and the Corps
expanded the flood protection program to include
urban levees, reservoirs, and diversion projects
between 1944 and 1958, But only once these
projects and those authorized earlier had been
built would the flood protection infrastructure of
the upper and middle Mississippi River and its
basin take shape. Projects completed by the
Corps up to 1960 were largely done so under
acts authorized before 1940. Prior to 1950, the
Corps had completed 18 agricultural protection
projects for the main stem and no urban projects.
By 1960, the number of completed agricuitural
projects had grown to 31, but only 3 urban
projects had been completed on the upper river.
Of these, only Sabula, Iowa, was on the upper
Mississippi River proper. Aitkin, Minnesota,
rests on the Mississippi River about 130 miles
north of St. Paul, and Galena is a few miles off
the main stem on the Galena River. Clearly,
urban flood control on the main stem was in its
infancy as of 1960. (Table 2.1)



Table 2.1
Upper and Middle Mississippi River
Mainstem
Flood Control Projects
Project Type, Autherization Date and Completion Date
1884-1995

Warsaw to Quincy (Hunt, Lima Lake & Indian Grave) . 1895 1895
Flint Creek to lowa River . 1895 1900
Sny lslapq__ggyee_ an_d J istri 1 1884,86,88,90,92,96 By 1_900

Bay Island Dramage & Levee District No.1
Hunt Drainage District

Lima Lake Drainage District

Henderson County Drainage District No. 3
Henderson County Drainage District No. 1
LimalakeDD® 0
Henderson Cou ty Drainag
Indian Grave Drainage District

Bay Island D&LD No. 1

Marion County Drainage District

South Quincy Drainage & Levee District
Eabius River.Drainage Distrit

Kaskaskia Island Drainage & Levee District
Henderson Co. DD No. 3

East Cape Girardeau & Clear Creek Dralnage
Chouteau, Nameoki & Venice D&L District
Miller Pond Drainage District

Aitkin, Minn.

Sabula, lowa

Harrisonville & tvy Landing Drainage & Levee District No. 2
Stringtown - Fort Chartres & vy Landing

North Alexander Drainage & Levee District

Fort Chartres & lvy Landing

Preston Drainage & Levee District

Degognia & Fountain Bluff Drainage &Levee District
Prairie du Rocher & Vicinity

Upper lowa River

Grand Tower D&L District

Columbia Drainage & Levee District
Muscatine; Mad Creek:
Clear Creek D&L District

Prairie du Pont Levee & Sanitary District

Hannibal, Bear Creek

Drury DD

Fabius River DD

Canton, Missouri

Cape Girardeau, Missouri

Des Moines & Mississippi Levee Dist #1

South River Drainage District

Bay Island D&LD Ne. 1

Green Bay Levee & Drainage District

Subdistrict No. 1, Drainage Union No. 1 & Bay Island
Marion Co. DD
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Table 2.1
Upper and Middle Mississippl River
Mainstem
Flood Control Projects
ProjJect Type, Authorization Date and Completion Date

1884-1995

Henderson Co. DD NO. 2 Ag. 1954 1967
So. Quincy DELD Ag. 1954 1967
Winona, Minn. Urban 1958 1967
St. Paul & So. St. Paul, Minn. Urban 1958 1968
Perry County D& LD Nos. 1,2&3 Ag. 1936 1968
Henderson Co. DD No. 1 Ag. 1954 1968
Muscatine Island Levee District & Ag.

Muscatine - Louisa Cty Drainage Ditch

Prairie du:Pont L&SD

Indian Grave DD

Sny Basin .

Gregory Drainage District Ag. 1962 1971
lowa River - Flint Creek Dis. No. 16 Ag. 1954 1971
Hunt & Lima Lake Drainage District Ag. 1954 1972
Dubuque, lowa Urban 1962 1973
Guttenberg, lowa Urban 1962 1973
Rock Island, llinois Urban 1962 1974
Wood River Drainage & Levee District Ag. 1965 1977
Meredosia Levee & Drainage District Ag. 1948 1977
Columbia D&LD .

St Louls and Vicinity; Misso b

Bettendorf, lowa

Clinton, lowa

Prairie du Chien, Wisconsin

East Moline, lliinois

Fulton, lllinois

Mississippi River Agricultural Areas (Area 8)

Wood River Drainage & Levee District

East:St: Louis and Vicinity, lllino g &L 908 9
Hannibal, Missouri Urban 1962 [1982]
State Road & Ebner Coulee, (LaCrosse, Wisconsin) Urban 1968 1993
Bassett Creek (Minneapolis, Minnesota) Urban 1976 [1895]
East St. Louis and Vicinity, lllinois Urban 1988 [1995]
St Paul, Minnesota Urban 1986 1995
Cape Girardeau - Jackson Metropolitan Area - Missouri Urban 1986 Underway
Perry Co. D&LD 1,2, 3 Ag. 1972 Underway
St. Genevieve, Missouri LUrban 1986 Underway
Muscatine Is. LD & Muscatine-Louisa Cty DD Ag. 1986 Awaiting Funding |
East St. Louis and Vicinity, lllinois Ag. & Urb 1936 ?
Kaskaskia (s. D&LD Ag. 1962 ?
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The pattern on the upper river's tributar-
ies 15 similar. Afier anthorizing nearly 40 pro-
jects to protect agricultural lands on the upper
Mississippi River's tributaries north of the Mis-
souri River in the 1928, 1936, and 1938 Flood
Control Acts, Congress authorized only 4 agri-
cultural projects between 1940 and 1960 (Table
2.2). Prior to 1950, the Corps had completed 25
agricuitural projects and 2 urban projects on the
Mississippi  River tributaries. Congress had
authorized one of the urban projects, Mill Creek
and South Slough at Milan, Ilinois, in 1927 in
compensation for a navigation project that had
eliminated the outlet of Mill Creck to the Rock
River. The Engineers completed this project,
their first urban project in the upper Mississippi
River Basin, in 1932. The other project was a
small one at Elkport, Iowa. Three other projects
finished before 1950 were designed to protect
both agricultural lands and urban areas,

Between 1950 and 1960, the Corps
completed three additional agricultural projects
and no urban levee projects on the upper and
middle Mississippi River tributaries. The most
important projects of this decade were the first
two reservoirs for the upper Mississippi River:
Lac qui Parle on the upper Minnesota River and
Coralville on the Iowa River.®® Lac qui Parle,
completed in 1951, had the general purpose of
protecting lands downstream. The Coralville
project, completed in 1958 and located just
upstream of Iowa City, specifically protects
urban and agricultural lands and helps reduce
flood heights on the Mississippi River down.-
stream of the Iowa River's mouth, By 1950,
then, the agricultural levee construction phase for
the upper Mississippi River tributaries was
largely over. A new phase of urban projects and
multiple-purpose reservoirs was just beginning,.
As on the main stem, very little of the urban
flood protection infrastructure on the upper and
middle river's tributaries was in place as of 1960,
and the focus was entirely structural.
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As the concept of floodplain manage-
ment enters the picture, it is necessary to define
its relationship to other terms used for flood
damage reduction. Floodplain management and
structural flood protection are not opposing
concepts.  Structural flood protection is one
method for limiting flood damage. Floodplain
regulation--limiting and defining what develop-
ment can occur in a floodplain--is another.
Floodplain management can easily be confused
with floodplain regulation. The Galloway Report
defines floodplain management as "The opera-
tion of an overall program of corrective or
preventative measures for reducing flood dam-
age, including but not limited to watershed
management, emergency preparedness plans,
flocd control works, and floodplain management
regulations."®’

Floodplain regulation had gained little
attention before 1960.*> Americans believed that
structural projects could eliminate flooding, and
that floodplain land in the valleys of the main
stem and its tributaries was best used for agricul-
tural or urban development. Not until enough
projects had been built and tested could Ameri-
cans begin to reevaluate these beliefs. This
would not occur in the upper and middle Missis-
sippi River basin until after 1960. Although the
frequency of flood damages in protected arcas
fell, flood damages continued in unprotected
areas, and Americans questioned floodplain use
more strenuously after 1960. Any effort 1o
manage the Mississippi River's floodplains to
minimize flood damage by limiting development
or removing development would have to con-
front the long history that had encouraged flood-
plain use.

The Corps had considered floodplain
occupation as a principal cause of flood-related
damages as early as 1913. After the 1913 flood
on the Ohio River killed 415 people and caused
$200 million in damages, President Woodrow
Wilson created a Board of Officers on River
Floods to review the country's flood problem.



Table 2.2
Upper and Middle Mississippi River Tributaries
Flood Control Projects
Project Type, Authorization Date and Completion Date

1927-1995

Nutwood Drainage & Levee District Ag. 1928 1932
Mill Creek & South Slough at Milan Urban R&H Act 1927 1932
Keach Drainage & Levee District Ag. 1928 1933
Scott County Drainage & Levee Dist Ag. 1928 1933
Hartwell Drainage & Levee District Ag. 1928 1933
Big Swan Drainage & Levee Dist Ag. 1928 1934
Hillview Drainage & Levee District Ag. 1928 1934
Mauvaise Terre Drainage, Dis Ag. 1928 1936
Lost Creek Drainage & Levee Dist Ag. 1936 1937
Coon Run Drainage & Levee Dist Ag. 1928 1938
Seahorn Drainage & Levee District Ag. 1936 1939
Oakford Special Drainage District Ag. 1936 1939
Mason & Menard Drainage Dist Ag. 1936 1939
ROCky - Ford Drainage & Levee Dist Ag. 1936 1940
Hennepin Drainage & Levee District Ag. 1936 1940
New Pankeys Pond, Special Drainage Dis Ag. 1928 1940
Sangamon River near Springfield ?? 1936 1940
Penny Slough Drainage & Levee Dist Ag. 1936 1940
Spring Lake Drainage & Levee Dist Ag. & Urban 1936 1941
Farmer's D & L Dist, Sangamon R AgQ. 1936 1941
South Beardstown & Valley D&L Dist Ag. 1928, 36 & 38 1941
Crane Creek Drainage & Levee Dist Ag. 1938 1941
Liverpool Drainage & Levee District Ag. & Urban 1936 1941
East Liverpool Drainage & Levee D Ag. 1936 1941
Banner Special D & L Dist Ag. 1936 1941
Big Lake Drainage & Levee District Ag. 1938 1943
Meredosia Lake & Willow Creek Drainage & Levee Dis Ag. 1938 1944
East Peoria Drainage & Levee Dist Ag. 1936 1945
Turkey River Elkport Urban 1944 1949

Kerton Valley Drainage & Levee Dist Ag. 1936 1949
Remedial Work - Mouth of Sangamon River Ag. & Urb 1936 1949
Lac qui Parie Reservoir Gen. FC 1936 1951
Coal Creek Drainage & Levee Dist Ag. 1938 1954
Pekin & La Marsh Drainage & Levee Ag. 1936 1954
Farm Creek Urban 1944 1954
Coralville Lake, lowa River MP 1938 1958
Dry Run, Upper lowa River Ag. 1936 1960
Devil's Kitchen Dam, Grassy Creek MP 1955 1960
Marshall Urban 1960 1963
Carlyle Lake Kaskaskia River Ag. & Urb 1938/1958 1967
Sid Simpson, IL River at Beardstown Urban 1950 1967
Eau Galle River Urban 1958 1968
Root River and Rush Creek at Rushford Urban 1958 1969
Red Rock Dam and Lake MP 1936 1969
Lake Shelbyville, Kaskaskia River Ag. 1958 1970
Des Moines Urban 1944 1971
Rend Lake MP 1962 1972
Zumbro River (Lower Reach) Ag. 1965 1974
Big Stone Lake - Whetstone River Ag. 1965 1974
Dively Drainage & Levee Dist No. 23 Ag. 1958 1975
Marshalltown, lowa River Urban 1965 1977
Saylorville Lake MP 1958 1977
Remedial Work - Mouth of Sangamon River Wildlife 1962 1977
Ottumwa Urban 1965 1977
Carbondale Model City Neighborhood Urban 1970 1979
New Athens; Kaskaskia River Urban 1958 1981
Evansdale, Cedar River Urban 1965 1982
Waterloo, Cedar River Urban 1965 1985
McGee Creek Drainage & Levee Dist Ag. 1962 1986



Table 2.2
Upper and Middle Mississippi River Tributaries
Flood Control Projects
Project Type, Authorization Date and Completion Date

1927-1995
Clarence Cannon Dam & Mark Twain Lake {Salt River)
Bannockburn Reservoir
Mitan, Rock River
Rockford IL, Kent Creek
Marshall
Lost Creek Drainage & Levee Dist Ag. 1928
Chicagoeland Underflow: McCook & Thornton Urban 1988
Crane Creek Drainage & Levee Dist Ag. 1928
Mankato & North Mankato Urban 1958
Lacy, Langeliier, West Matanzao & _Ag. 1928
Coal Creek Drainage & Levee Dist Ag. 1936
Portage Urban 1966 underway
North Branch, Chicago River: 3 Reservoirs Urban 1986 underway
Meramec River Basin: Valley Park Levees Urban undeiway
Chicagoland Underfiow Plan (O’Hare) Urban 1986 underway
McCock Reservoir Urban 1988 underway
Thornton Reservoir Urban 1988 underway
Rochester Urban 1974 Underway
Chaska, Minnesota River Urban 1976 Underway
Houston Urban 1986 Underway
[Big Lake Drainage &Levee District Ag. 1636 ?
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After visiting 52 cities, the board determined that
no single flood protection measure was enough
and that needs varied from basin to basin. The
board concluded that the Nation needed a flexi-
ble program administered under Federal authori-
ty.® The board also reported that most damage
caused by floods resulted from “unregulated
encroachment on the flood plains..." In re-
sponse to this, say Jamie and Dorothy Moore,
authors of The Army Corps of Engineers and the
Evolution of Federal Flood Plain Management
Policy, "the corps endorsed the idea of moving
valuable property beyond the flood limits...."*!
Much of this summary is based on their work.

As America changed from an agricul-
tural Nation into an urban one and as stress
mounted on its land resources, pressure contin-
ued on Congress to enact a national flood protec-
tion program. The disastrous 1927 flood on the
lower Mississippi River focused American
attention on floodplain management. The flood
also raised important questions about the best
flood protection measures and about the Federal
Government's role in flood control. Congress
authorized the 1928 Flood Control Act in re-
spons¢. Under this act, Congress provided for
some new altermatives such as fuse plugs and
floodways. But the act further demonstrated that
many Amercans believed that protecting
floodplains was in the national interest and
reaffirmed the belief in structural measures.®’
Reflecting this philosophy, the 1936 Flood
Control Act included structural solutions only.*

In the 1938 Flood Control Act, Con-
gress, for the first time, provided for evacuating
areas threatened by repeated flooding. Section
3 of this act allowed for the abandoning of the
flocdplain where the cost of constructing levees
or floodwalls could be "substantially reduced" by
removing the structures that would be protected.
The monecy saved by not building the levee or
floodwall could be used toward the "rehabilita-
tion" of the people evacuated.®” Yet Moore and
Moore conclude, "the basic assumption was that
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water could be kept away from people through
the use of engineering structures,"® and Con-
gress and the Corps continued their focus on
structural flood control. The fact that Congress
did not sclect the nonstructural option for any
projects on the upper Mississippi River prior to
the Prairie du Chien project, which it approved
in 1974, demonstrates this focus.

Floodplain regulation did receive serious
attention from some individuals as ecarly as the
1930s but not until the 19505 did the discussion
intensify, In 1953, the Budget Bureau found that
few Americans supported nonstructural flood
control measurcs. The Burcau asked States to
consider implementing floodplain zoning rather
than adopting structural solutions. The responses
were telling. Some States said it was too late
and others too impractical for this. Still others
reported that the lack of enabling legislation at
the State and local levels inhibited the use of
nonstructural techniques and would require the
Federal Government to assume much of the cost
of land acquisition. Finally, the survey showed
that most States had not yet considered flood-
plain restrictions.*

In 1955, William Hoyt and Walter B.
Langbein published Floods. In it, they supported
White and argued that property at risk due to
flooding was increasing faster than the Nation's
ability to protect it. They concluded that this
was due to the Nation's rapidly growing urban
population and to the building of levees and
other flood protection projects.” For this reason,
Moore and Moore say, the Corps began to
examine other measures.”’

Yet, America was not ready to limit its
potential for progress. Following a devastating
flood in Kansas and Missouri in 1951, President
Harry Truman requested funds to evaluate a
flood insurance program but could not get
enough support. Not until hurricanes and flood-
ing occurred in the Northeast in 1955 did interest
in flood insurance rise again. In August 1956,



Congress authonized a flood insurance act.
While Congress took no steps to implement the
law, Moore and Moore report that its discussion
made two points obvious: Federal flood insur-
ance would affect floodplain use, and the Federal
Government would have to heavily subsidize the
program. Some observers were concerned that
the program would encourage further floodplain
development.”™

To examine the issue of floodplain
development itself, the Corps sent Francis C,
Murphy, a Corps hydrologist from the Seattle
District, to the University of Chicago. In a 1958
study entitled Regulating Flood Plain Develop-
ment, Murphy argued that regulating floodplain
us¢ was necessary to reduce the cost to the
national economy of increasing flood damages.
Murphy insisted that regulating land use in the
floodplain had not been adequately considered.
One reason for this was a lack of adequate data,
especially floodplain maps.”

In 1958 and 1959, recognizing a shifting
mood in America concerning flood damages and
taking Murphy's arguments seriously, the Corps
actively sought a role in studying floodplain
regulation as an alternative to structural projects.
In Section 206 of the 1960 Flood Control Act, at
the Corps' request, Congress granted the agency
the authority to compile and disseminate infor-
mation on floods and flood damages if sought by
a State or responsible local government.”
Although limited, this program signaled a signifi-
cant move toward floodplain regulation as a way
to limit flood damages, but it was only a signal.
Structural measures would remain the corner-
stone of Federal floodplain management through
the flood of 1993, In ihe decades following
1960, however, Americans would increasingly
consider floodplain regulation, and environmen-
tal concerns for the river's floodplains would
mature.

Main stem projects completed between
1940 and 1993 represent a major development in
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the region's flood protection infrastructure, but
they would change the landscape, ecology, and
streamflow of the Mississippi River little com-
pared 1o projects built by local interests and the
Corps before 1940. Between 1960 and 1980, the
Corps finished many of the agricultural projects
authorized in the 1950s and early 1960s and
began building many of the urban projects
authorized during these years. In these two
decades, the Engineers completed 25 agricultural
and 9 urban flood protection projects for the
upper and middle Mississippi River. After 1980,
urban projects dominate. From 1930 to the
flood of 1993, the Corps dedicated only one
agricultural levee and eight urban projects on the
main stem.

The greatest change in the upper and
middle Mississippi River Basin after 1940 came
on tributary rivers. While work by local inter-
ests and the Corps on agricultural projects on the
Ilincis River had dramatically changed this
tributary before 1940, few other tributaries had
been greatly altered by reclamation and flood
protection projects by this time. After 1940,
however, and especially after 1960, the basin's
tributary rivers would be changed in important
ways.

Since 1960, the great majority of the
projects completed on the Mississippi River's
tributaries have been multiple purpose or urban.
Some 30 urban projects have been completed or
are underway (See Table 2.2). Exact numbers
are difficult to ascertain, given discrepancies in
the data. Six of the urban projects are reser-
voirs. The Eau Galle Dam, completed in 1968,
protects the town of Spring Valley, Wisconsin,
which lies immediately below it on the Eau
Galle River. The five other projects were autho-
rized in the 1986 and 1988 Water Resource
Development Acts as part of an urban protection
project for Chicago.

Seven reservoirs finished between 1967
and 1987 serve a variety of purposes. The Red



Rock reservoir, completed in 1969, and the
Saylorville reservoir, completed in 1977, help
protect Des Moines and agricultural lands below
from floods on the Des Moines River. Along
with the Coralville reservoir (1958), these pro-
jects also serve to reduce flood levels on the
Mississippi River. In Illinois, the Corps com-
pleted the Carlyle dam in 1967 and the
Shelbyville dam in 1970, both on the Kaskaskia
River. While Carlyle helps defend both agricul-
tural and urban arcas, Shelbyville protects pri-
marily agricultural lands. Rend Lake, a multi-
ple-purpose project which has 109,000 acre-feet
of storage for flood control, 160,000 acre-feet for
joint purposes, and 25,000 acre-feet for conser-
vation and sediment retention, was completed in
1972, This project is located on the Big Muddy
River in southern Illinois. In Missouri, the
Corps completed the Clarence Cannon Dam and
Mark Twain Lake in 1987. This multiple-pur-
pose dam provides hydroelectric power, flood
protection and low flow augmentation storage
and recreational use. Two dams that provide
flood protection but were designed to promote
wildlife concems are the Devil's Kitchen Dam on
Grassy Creek, a tributary of the Big Muddy
River in Illinois, and the Big Stone Lake-Whet-
stone River Dam on the upper Minnesota River.
The Devil's Kitchen project, completed in 1960,
is one of three structures that store water for the
Crab Orchard National Wildlife Refuge. The
Big Stone Lake-Whetstone River Dam, finished
in 1974, provides a conservation pool of 2,800
acres for wildlife purposes. Thus, between 1960
and the flood of 1993, Congress and the Corps
expanded the upper and middle Mississippi River
basin's urban flood protection infrastructure
dramatically.

As the projects authorized and completed
since 1960 show, structural solutions have
prevailed. Moore and Moore, in their study of
the Corps and floodplain management policy,
detail the evolution of floodplain policy through
the Water Resource Development Act of 1986.
They present a steady movement toward a
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sympathy for--if not the implementation and
enforcement of--floodplain restrictions and
nonstructural alternatives to flood control pro-
jects. Marty Reuss, a senior historian for the
Corps, suggests that floodplain regulation has not
advanced over the last 30 years as its proponents
of the 1960s had hoped.” Between 1965 and
1966, the Burcau of the Budget brought together
a team of specialists from various agencies,
chaired by Gilbert White, to reassess the
Government's flood management program, As
one focus of their study, they were to examine
whether the Nation was developing its
floodplains wisely. "Did federal agencies,
particularly lending and development agencies,
make adequate use of available flood plain
information? Did flood disaster insurance have
a practical and positive role to play in dealing
with the flood damage problem?" Would flood-
plain insurance promote the traditional approach-
es to floodplain management?™ In 1966, based
on this report, President Lyndon Johnson issued
Executive Order 11296, directing Federal agen-
cies to evaluate the flood hazard potential before
locating new buildings in the floodplain. "For the
first time, Moore and Moore assert, federal
agencies were to incorporate flood planning
formally into their programs."”” In 1968, Con-
gress followed with the National Flood Insurance
Act, and in 1973, with the Flood Protection
Disaster Act. Under the latter act, Congress
required communities wanting Federal assistance
for financing or constructing structures in the
floodplain to initiate land use restrictions and
required individuals to buy flood insurance.™
Nevertheless, floodplain development and the
authorization of structural projects continued.
And although the Corps acquired the legislative
authority to encourage and implement floodplain
restrictions and nonstructural flood control
measures, Moore and Moore conclude that
Congressional directives kept the Corps' focus on
structural projects.”

Conflict over its cost and effect stalled
the Nation's flood protection program between



1970 and 1986, During this era, Congress
passed no major bill for water resources projects.
Environmental concerns, budget deficits, less
support for water projects, and impasses over the
Water Resources Council's Principles and Stan-
dards were the primary rcasons. The Principles
and Standards had required the Corps to evalu-
ate both the national economic development and
environmental quality objectives and to measure
the beneficial and negative effects for all pro-
jects. It outlined a process and methods of
evalvating alternative means solutions, and it
made capital intenstve projects harder to justify,
And under Presidents Jimmy Carter and Ronald
Reagan, the Office of Management and Budget
viewed the civil works program as "a controlla-
ble, discretionary, government expense."*

After a 14-year hiatus, Congress passed
the Water Resources Development Act of 1986.
In this act, nonstructural flood control was given
greater status.  Yet, Moore and Moore argue,
"interest in nonstructural solutions had declined.”
They conclude that this occurred because:

Structures had been used for
generations and their costs and benefits
were well understood. Their physical
presence instilled a source of security.
Their effects were permanent and, with
periodic monitoring, predictable through-
out the life of a project.

By contrast, nonstructural mea-
sures kept people away from the water,
rather than water away from people.
They employed unfamiliar and nontradi-
tional activities like zoning and flood
preparedness, which require personal
involvement, and they called for individ-
ual sacrifice, such as paying for flood
insurance... Nonstructural measures also
restricted the use of the flood plain and
required communitics to divert the land
to other uses, often resulting in lowered
local economic growth. Obtaining polit-
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ical acceptance for flood plain zoning
would become difficult.® :

Important changes had occurred in how
the country and the region viewed its
floodplains. The greatest change came with the
environmental movement of the 1960s and
afterward. The passage of the National Environ-
mental Policy Act in 1969 and subsequent
environmental legislation gave environmental
interests a strong say in how water resource
projects would be designed and constructed.
Building on the work of Will Dilg and the Izaak
Walton League, those concerned with the river's
ecological health gained far more strength than
they had in 1940.

But, environmental interests have not
replaced the traditional stakeholders--agricultural
and urban occupants--in the use of the river's
floadplains. Those traditional occupants and the
reasons they located in the floodplain have a
deep history, dating well before the 20th century.
Rearranging the role and relationship between
the various stakeholders must take this history
into account. And while Moore and Moore
present an invaluable background to the history
of national floodplain management policy, the
national context does not always explain or is
not always in step with the history of the upper
and middle Mississippi River or of the Missouri
River. The evolution of floodplain occupation
and of flood protection policy must be under-
stood at both levels.

The Missouri River

In its natural state, the Missounn River
was a meandering river characterized by unstable
banks and a rapid current. Major Charles Suter,
who surveyed the river in the 1870s, described
the Missouri River as having a navigable depth
varying from 3 to 9 feet a year and as eroding
its banks as much as 2,000 feet annually, Cav-
ing banks and silt would prove to be the main
problems facing navigation improvement. From



the great amount of soil washing into it, the
Missouri River received its nickname, the "Big
Muddy." As on the Mississippi River, flood
protection and navigation improvement would
become closely tied, with navigation funds
providing for some early levee work. But most
flood protection projects on the Missouri River
would have to wait for the 1936 Flood Control
Act and those that followed it.

As on the upper and middle Mississippi
River, navigation improvements represented one
of the first efforts to reshape the lower Missouri
River. But, Congressional authorization of and
funding for navigation improvements on the
Missouri River lagged well behind the Mississip-
pi River in the late 19th century. Once autho-
rized, funding was severely limited, and naviga-
tion improvements for the Missouri River be-
came piecemeal and short-term. The Corps
began removing snags from the lower Missouri
River as early as 1832, and continued this work
sporadically through the 1870s. Unlike the
Mississippi River, where Congress had autho-
rized the 4'-foot channel project in 1878, there
was no systematic navigation improvement
project for the Missouri River until 1910.

In the 1910 River and Harbor Act,
Congress authorized a 6-foot channel for the
Missouri River from Kansas City to the river's
mouth. A Federal board of engineers recom-
mended that the best way to achieve this goal
was through bank stabilization (to prevent ero-
sion) and channel constriction.” But flooding,
which destroyed improvement works, and the
continued controversy over whether the amount
of commercial traffic justified Government costs
hindered attempts to improve the Missouri River.
By the 1930s, only the reach from Kansas City
to St. Louis would see some systematic improve-
ment. Work on the 6-foot channel project
continued into the early 1940s but did not entice
significant traffic, and the project was still not
complete by World War I1.%#
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Then, in 1945, Congress adopted the
Pick-Sloan Plan. Under this plan, which brought
navigation, flood control and irrigation in the
Missouri River basin under one development
master plan, Congress authorized creation of a 9-
foot channel from Kansas City to St. Louis.
With this project, the river would acquire more
traffic.

As on the Mississippi River, the Federal
Government had no official role in the construc-
tion of flood control projects on the Missouri
River during the 19th century. Landowners,
municipalities, and the railroads built dikes and
levees to protect their properties. However,
beginning in the 1890s, Missouri River Basin
residents and localities began demanding protec-
tion from flooding and bank erosion as part of
the Federal Government's efforts to improve
navigation,

In 1884, Congress, at the request of
Missourni River Basin residents, created the
Missouri River Commission (MRC) to oversee
the river improvement work. Major Suter served
as the Commission's president until 1895. For
the 18 years of its existence (Congress abolished
the Commission in 1902), the organization
worked to stabilize the Missouri River's banks
using willow mats weighed down with stones
and continued snagging efforis.

Yet, the Missouri River Commission was
frustrated by differences in river improvement
philosophies between MRC members, Congress,
and Missouri Valley residents. While the MRC
saw its mission as one of primarily developing
the niver for transportation, local interests repeat-
edly demanded protection from flooding and
erosion for private and municipal properties
along the river's banks. Congress directed the
MRC to build projects that fulfilled both aims,
but never provided enough funding for the
Commission to meet this directive. In fact, in
1890, the MRC suspended its operations for 4
months due to lack of funding. Inadequate



funding over the years led to piccemeal efforts
rather than the systematic approach Suter had
envisioned. The MRC's firal report in 1502
showed that, over its 18-year exisience, less than
half of the money appropriated for its use had
been available for systematic navigation im-
provements, and a large proportion of the appro-
priations had gone to fund projects for particular
localities that were "not wholly connected with
navigation."®  Thus, although there was no
Congressional authorization for flood protection
work on the Missouri River at that time, such
projects were undertaken by the Federal Govern-
ment.

After the floods of the early 1900s,
States in the Missouri River Basin authorized the
organization of drainage districts to build flood
protection works. Increasingly, these drainage
districts came to the Corps of Engineers for help
with their flood control efforts. The Secretary of
War would then negotiate with the local organi-
zation and reach agreement about how the
project should proceed.

By the 1910s, the Corps' work to im-
prove navigation on the river had a significant
impact on settlement in the floodplain. Bank
stabilization and alignment projects on the
Missouri River, which the Corps employed to
achieve a 6-foot channel, often narrowed the
width of the river and opened bottomlands that
had previously been inundated for settlement.®

From the onset of World War I to the
mid-1920s, Congress provided no funding for
flood protection on the Missouri River. Then, in
the River and Harbor Act of 1925, it called for
the preparation of cost estimates for surveys and
studies of the navigable streams of the United
States and their tributaries for purposes of power
development, navigation, flood control, and
irrigation. In 1928, the River and Harbor Act
called for the Corps to submit projects for flood
protection on all the tributary streams of the
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Mississippi River that were subject to destructive
floods. In response to these mandates, the Corps
of Engineers produced a massive serics of stud-
ies (called 308 reports) that examined all aspecis
of river use.®

The Kansas City District undertook a
study of the entire Missouri River Basin in
response to these Congressional actions. The
report, which was completed in 1932, concluded
that most of the proposed flood protection pro-
jects for the Missouri River Basin were not
economically justifiable, The 1932 report, which
was mostly the work of Kansas City District
Engineer, Captain Theodore Wyman, concluded
that levees to protect urban areas were the only
flood abatement measures that were economical-
ly feasible. Wyman proposed combining urban
levees with a modest reservoir system consisting
of a dam at Fort Peck and several iributary
dams.*’

In response to Wyman's report, Con-
gress, in the 1936 Flood Control Act, authorized
projects at Topeka and Lawrence, Kansas, and at
Kansas City. The proposal to build higher
levees in lieu of a reservoir to protect Kansas
City proved controversial and led to additional
studies of the Kansas River Basin. A 1937
report on this area concluded that upstream
reservoirs and local flood protection projects
were the desired solution to prevent floods in
Kansas City. While these studies were ongoing,
the Kansas Valley Drainage District and Kansas
City went ahead with local protection projects
that the Federal Government funded as part of its
work relief program during the Great Depres-
sion.® And in the Flood Control Act of 1938,
Congress approved projects on five Kansas River
tributaries: the Republican, Smoky Hill, Saline,
Salmon, and Blue Rivers. The first dam built as
part of this effort was located near Kanapolis,
Kansas, on the Smoky Hill River.

Although World War II restricted fund-
ing for flood control projects on the Missouri



River, a scries of floods in the early 1940s drew
Congress' attention to the problem once again.
In 1943, the House Flood Control Committee
asked the Missouri River Division Engineer,
Colonel Lewis Pick, to testify on the region's
flooding problems. The Corps assigned Pick the
task of writing a report on the subject. The
result was "Pick's Plan," which built upon the
Flood Control Act of 1938, but added three
projects: construction of levees along the Mis-
souri River from Sioux City to St. Louis; build-
ing of additional multi-purpose dams on the
Missouri River and some tributaries; and con-
struction of a diversion channel in the Dakotas to
divert water from the Missouri River during
droughts.*

At the same time, William G. Sloan
wrote a report for the Bureau of Reclamation
that focused primarily on irrigation, reclamation,
and hydropower development in the Missouri
River Basin. Congress combined the two reports
and in 1945 passed the "Pick-Sloan Plan." For
the first time, a comprehensive system for flood
management in the Missouri River Basin was in
place. The Pick-Sloan Plan, together with
previous flood control legislation for the region
(1938 and 1941 Flood Control Acts}, created a
system consisting of nine major reservoirs,
agricultural levees, and numerous urban flood
protection projects.”®

As work under the Pick-Sloan Plan
progressed, many of the proposed reservoirs
proved highly controversial, because they inun-
dated rich agricultural land. However, the
agricultural levees were not controversial and
went up quickly after construction started in
1948, Work on the 9-foot channel, which had
been approved in the 1944 River and Harbor
Act, progressed simultaneously. Navigation
improvements and flood protection work began
in earnest on the tributaries to the Missouri River
in the late 1940s. In 1950 and 1954, Congress
adopted proposals that modified the original
plan. These included an additional eight reser-
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voirs in the Osage River Basin, three reservoirs
in the Kansas River Basin and a dam on the
Chariton River. Controversy over the Pick-Sioan
reservoirs, however, slowed and in some cases
prevented construction of many of the proposed
dams.”’ By 1960, two of the dams were com-
pleted (Kanapolis and Harlan County), three
were in various stages of construction (Turtle,
Pomona, Pomme de Temre), while five were in
the planning stage (Wilson, Perry, Stockton,
Rathburn, and Truman).

Meanwhile, construction on the agricui-
tural levees in the Corps' Kansas City District
ceased between 1954 and 1963, after the Depart-
ment of the Army ordered a restudy of the
project. Questions about the economic justifica-
tion for building the levees and concerns about
the effects privately-built levees had on the
system prompted the restudy. As the outcome of
this review, Congress in 1963 authorized the
Corps only to build the levees that the studies
had shown to be economically feasible. Under
this authorization, 250,000 acres of the 400,000
acres in the floodplain would be protected by
agricultural levees., By the early 1970s, 20
percent of these levee projects had either been
completed or started (approximately 200 miles of
levees).”

The Flood Control Act of 1944 and the
Pick-Sloan Plan authorized the Corps’ Omaha
District to construct agricultural levees in numer-
ous locations. Between 1946 and 1950, the
Corps built the 46-mile-long Thurman-Hamburg
levee on the left bank of the Missouri River in
southwestern Jowa and northwestern Missouri
and along the Nishnabotna River. Between 1948
and 1952, the Omaha District constructed 41
miles of levees for the Atchinson County Levee
District; between 1950 and 1953, the District
built the Mill Creek levee, and in Nebraska, the
Peru Dike, and the 19.5-mile-long Brownville-
Nehema levee. Near Nebraska City, the Corps
erected 6 miles of levees and a 14.2-mile-long



levee at Mosquito Creek and Sieck near Council
Bluffs,

By mid-1954, the Omaha District had
spent $13.9 million on agricultural levees; all of
these were located south of Omaha and most on
the river's left bank. The onset of the Korean
War deferred plans for more agricultural levee
construction until 1959. Then, between 1959
and 1961, the Corps built 6.3 miles of levees in
Richardson County, Nebraska; the 11.4-mile-long
Pleasant Valley Levee; the 15-mile-long
Watkins-Waulsonsic Ditch levees;, and the 14-
mile-long Papillon Creek-Platte River levees in
Nebraska. All together, between 1954 and 1979,
the Omaha District invested $8.3 million on
agricultural levees. In 1980, the Omaha District
initiated a $13.6 million, 22-mile-long agricultur-
al levee project along Mosquito and Keg Creeks
below Council Bluffs. By late 1982, the District
had spent a total of $32.5 million on agricultural
levee projects.”

Most of the flood protection projects on
tributaries to the Missouri River in the Corps'
Omaha District did not begin until after World
War II. These projects included dams, levees,
bank stabilization, and alterations in channels.
The 1941 Flood Control Act authorized the
Cherry Creek Dam near Denver, which was built
between 1946 and 1953, Congress authorized
the Chatfield Dam in 1950, but its construction
was deferred until the flood of 1965 reactivated
the project. Construction began in 1967 and was
completed in 1973. The Flood Control Act of
1958 authorized $13.3 million for the Salt Creek
Basin project, which included 12 dams (later
reduced to 10), a levee, and a channel system on
Salt Creek at Lincoln, Nebraska. The Corps
completed this project by 1968. The Flood
Control Act of 1968 authorized a system of 21
dams and reservoirs for Papillon Creek at a cost
of $26.5 million. However, only two of these
dams would be built, as controversy over the
nced for the project prevented its completion.
On the east side of the Missouri River, the 1954
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Flood Control Act authorized the Corps to
construct major flood protection projects on the
Big Sioux River (between Sioux Fallg and Sioux
City) and on the Floyd River (at Sioux City).**

Economic and Social Forces

The earliest settlement and development
patterns of the Midwest were often based on the
access provided by major rivers in meeting
transportation, power, and water needs. Commu-
nities were founded and grew as trade centers at
locations along rivers because floodplain lands
were most easily and cheaply developed and
commerce was most readily serviced by access
to the river. Once town sites were well estab-
lished, there continued to be a comparative
economic advantage for subsequent commercial
and residential development to be located close
to town centers. In the 19th century, before
intensive industrialization and mass communica-
tions, people accepted the inconvenience caused
by occasional flooding, and had a greater appre-
ciation of natural forces.

At first, floodplain farmers produced
crops for themselves and local markets. But as
they began producing crops for regional and
national markets, the river became even more
critical as a transportation route. As generation
after generation of floodplain farmers succeeded
each other, families developed sirong ties to their
farms. As in the past, many counties in the rural
Midwest depend on a healthy agricultural sector
to provide the tax base and commercial revenues
that support local schools and provide for other
public services. To forego agricultural produc-
tion in areas subject to flooding, therefore, incurs
both economic and social costs.

Contemporary society's emphasis on speed,
timeliness, and reliability causes floods to be
viewed as a much more disruptive menace.
Technological capabilities and associated eco-
nomic and social values have led to approaches
that seek to control floods, and to seek and



assign responsibility for the causes when flood-
ing occurs. The severity of flooding is marked
by the number of lives lost, the economic dam-
ages suffered, and the losses experienced by
people as they are forced from their homes and
daily routines. All of this is communicated by
the mass media as the flood happens. Human
interest allows us to identify with the individuals
who have been affected and to question why
such an event could be "allowed” to happen.

Social and economic issues are raised after
each flood disaster. What can be done to pre-
vent loss of life caused by flooding? Are flood
victims disproportionately represented by those
with lower incomes? Are affordable housing
alternatives available? Why does there appear to
be so much persistence in returning to and
restoring flood damaged homes and other facili-
ties? What can be done to improve society's
understanding of the risks of flooding and of
steps that can be taken to avoid repetitive flood
losses?

These are all reasonable questions. The
Midwest Flood of 1993 was 5o cxtreme in
magnitude and duration, however, that it has
caused many people to take a step back and
consider these questions from a different per-
spective. Hence, the need to recognize economic
and social forces at work in understanding how
floodplains have been developed, and to take
these forces into account as alternative floodplain
management measures are considered.

Institutional Forces

The many multifaceted stakeholders of
the Mississippi and Missouri Rivers and their
floodplains have various levels of acceptance (or
non-acceptance) of floodplain management
concepts and are all positioning themselves for
their interest in the floodplain. The primary
stakeholders may be categorized within one or
more of the following areas:
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- Federal agencies

- State and local agencies

- Tribal govemments

- Residential

- Agriculture

- Levee/drainage districts

- Industrial/manufacturing

- Environmental/wildlife groups

- Recreationists

- Transportation

- Cultural and historic preservation
- Organizations and interest groups

There are Federal and State agencies, as
well as local governments, that are representing
the interests of the gencral public in each of the
above areas. There are also river basin associa-
tions, interagency committees, and alliances such
as the Upper Mississippi River Basin Association
and the Missouri River Basin Association, Inter-
agency Floodplain Management Review Com-
mittee, and Coast Alliance that have been estab-
lished in efforts to gain a more focused direction
among the governmental agencies. In addition
to the agencies and local governmental offices
performing formal roles, as established by legis-
lation and statutes, there are many organizations
and interest groups that have varying degrees of
influence on the development of new policies
and programs. Appendix D provides a list of
some of the key organizations and their purpos-
es.

Also, the United States Government has
a unique legal relationship with Native American
tribal governments. The Government-to-Govern-
ment memo dated May 1994 identified a com-
mitment to building a more effective, respectful
working relationship with federally recognized
Native American tribal governments. Guidelines
were included in the memo to ensure that the
rights of sovereign tribal governments are fully
respected. Because tribal governments have
authorization to create their own floodplain
policies and programs, they should be considered
in any partnering efforts for changes in flood-



plain management. Those tribes within the study
region are also included in the Institutional
listing.

An analysis of institutional forces can be a
valuable tool in understanding, evaluating, and
analyzing the institutional setting: legality and
compliance, political conflicts, social and cultural
values, and administrative effectiveness, "In our
complex world, decisions which impact the
public interest require complex coordination
between all concerned interests, and due consid-
eration of the legal and economic factors, politi-
cal feasibility, and examination of the powers
and authority of public bodies which are¢ charged
with responsibility for the public interest” (Bro
et al., 1976:5). Political interaction from indi-
viduals, groups, and organizations is necessary
for consensus building. Opposition interests that
fail to show up at public meetings may surface
later to stall implementation. Conflict is un-
avoidable, but conflict between interest groups
and agencies, as well as interagency conflict,
needs to be identified and opened for discussion.

The success of any change in floodplain
management will depend on gaining support
from local communities and citizens, since most
decisions on floodplain land use are determined
by local policy. Communities, especially flood-
plain landowners, perceive the loss of jobs and
economic productivity, and are reluctant to
change. But communities stand to gain the most
from improvements that generate economic and
development opportunities such as improved
water quality and supply, improved recreation-
al/fishing/hunting opportunities, improved aes-
thetics and land values. River focused commu-
nity revitalization projects work with bottom-up-
local involvement. Local communities will need
support in making floodplain changes to main-
tain economic vitality, but it will require local
empowerment, ¢ffective new incentives, removal
of disincentives, and an effective implementation
framework.
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Policies and Programs

Floodplain land use is influenced by a wide
range of policies and programs that stem from
variou§ governmental agencies and bodies. In
this assessment, seven categories of policies and
programs have been examined in the context of
the 1993 flood, and initial evaluations have been
completed of how changes in these areas might
have affected the flood losses and impacts to
floodplain resources that were experienced. The
seven categorics are:

* National Flood Insurance Program regula-
tions

* State floodplain management and zoning
practices

* Local floodplain management and zoning
practices

* Community relocation, flood hazard miti-
gation, and land use conversion programs

* Flood disaster relief programs

* Floodplain wetland restoration policies

* Agricultural support policies related to
floodplain use,

A description of specific measures cxamined
within these policy/program categories is pre-
sented in Chapter 6 of this report, and the analy-
sis completed in each case is contained in the
Evaluation chapter (Chapter 7).

Structural flood protection projects, in the
form of levee or floodwall construction and the
building of dams and reservoirs on rivers, may
also lead people, businesses, and communities to
make decisions regarding continued floodplain
development that increase the potential for large
amounts of damage when extraordinary flooding
occurs. The "action alternatives” examined in
this assessment that affect hydrologic and hy-
draulic conditions related to riverine flooding are
described in Chapter 8 of this report.



Of particular interest is how these policies,
programs, and projects have functioned to create
incentives or disincentives that have helped to
shape how floodplains are used. There are
economic and other forces that past actions have
set into motion and appear to have led to in-
creasing exposure to damages from extraordinary
flood events.

A number of questions have been raised
concerning how past actions have influenced
floodplain development and use. Examples of
the kinds of questions and issues raised are
shown below:

* How well is the National Flood Insurance
Program functioning in covering ¢xposure to
riverine flood risk?

* Is the current definition of flood risk (the
"100-year” flood zone) adequate?

* Can floodplain management programs at
the State and local level be improved in increas-
ing awareness of the potential for flooding and
in reducing exposure to flood damages?

* Have local land use and zoning practices
been effective in preventing new development in
locations subject to substantial flood risk?

* Do flood control projects induce develop-
ment in floodplain locations that would other-
wise be avoided? If so, are the effects of in-
duced development properly accounted for?

* Do Federal disaster assistance programs
encourage continued exposure to substantial
flood damages?

* Can floodplain wetland restoration pro-
grams have a significant impact in reducing the
potential for flooding?

* Do agricultural incentive programs encour-
age farming in floodplains subject to very fre-
quent flooding?

Prevailing thinking suggests that floodplain
management practices ought to be directed at
achieving two primary objectives; (1) that
reductions in loss of life, damages, and govern-
ment expenditures caused by flooding should be
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accomplished; and (2) that the natural resource
values of floodplains should be enhanced for a
number of reasons, including the potential for
reduced flooding and exposure to flood damages.
Yet, a fundamental tension exists, in that
floodplains are also economically attractive
locations for a number of development purposes,
and have been historically. There are potentially
conflicting forces regarding floodplain use and
development that involve trade-offs between the
value of economic activity that benefits from its
floodplain location, and the costs, both the
impacts to natural resources as floodplain devel-
opment takes place and the impacts to human
resources when extraordinary flooding occurs.
The ability of society to address these tensions
over how floodplains are used requires an under-
standing of many economic, social, and environ-
mental factors. The challenge is to ensurc that
decisions regarding floodplain use are made with
full recognition and acceptance of the risks and
potential costs associated with living, working,
or investing in floodplain locations.

The analytical approach taken in this assess-
ment is to examine these questions and issues,
among others, with specific reference to the
1993 Midwest flood. The evaluation process
that has been developed is explained in Chapter
4 of this report.

The institutional forces discussed in the
previous section, together with the many poli-
cies, programs, and goals of each of these "play-
ers,” result in a complex set of objectives for the
floodplain. It is essential to identify areas of
conflict, but more importantly to focus on com-
monly acceptable site specific uses of the flood-
plain that meet systemic goals. A more compre-
hensive analysis of the interaction of policies,
programs, and goals of these "players" would
help identify those areas in common and attain
an enhanced understanding of floodplain man-
agement objectives.



Findings

2-a) The upper and middle Mississippi
River's landscape as it existed on the eve of
the 1993 floed had, for the most part, been
shaped by 1940, largely by navigation projects
and agricultural levees. Urban projects had
. yet to be built. The greatest changes in the
upper Mississippi River Basin after 1940
would occur in the river's tributaries and
uplands. From 1960 to 1993, the Corps would
build most of the urban projects and multiple
purpose dams in the basin. The expected role
of the Federal Government in protecting
floodplain occupants evolved over the past 50
years. Floodplain regulation received little
attention before 1960, but policies have been
greatly expanded and institutionalized since
the mid-1960's,

2-b) The Federal philosophy of floodplain
management recognizes that flood damage
avoidance should generally be the first defense
against flooding, complemented by nonstruc-
tural and structural flood protection mea-
sures, where appropriate, with public educa-
tion and flood insurance included as essential
components to address the residual risk of
flooding.

2-¢) The inventory list compiled with this
assessment of institutions, organizations, and
interest groups is another step in further
understanding of institutional forces. A more
comprehensive analysis of the interaction of
policies, programs, and goals of these "play-
ers" would add value to the understanding of
floedplain management objectives.
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CHAPTER 3 - EXISTING FLOODPLAIN RESOURCES
AND IMPACTS OF THE 1993 FLOOD

Floodplain/Watershed Relationships

The upper Mississippi River Basin
encompasses the arcas drained by the Mississippi
River above the confluence with the Ohio River
at Cairo, Illinois, and includes the entire Missou-
ri River Basin which drains most of the northern
Great Plains. The upper Mississippi River Basin
drains approximately 714,000 square miles.
Although the Floodplain Management Assess-
ment (FPMA) draws a distinction between the
watershed and floodplains, it is acknowledged
that they are intimately connected. The river-
floodplain systems are the pathways through
which surface water runoff and groundwater
flow are transferred out of the river basin or
watershed. While the geophysical and surface
characteristics of the floodplain may define its
capacity, extent and functions, it is the character-
istics of the upland portion of the watershed
which define the concentration, distribution, and
dispersal of water to the floodplains.

The upper Mississippi River Basin is
composed of many smaller sub-watersheds that
vary widely in physical characteristics such as
topography, land use, soil types, drainage net-
work, and wetland type and extent. These
characteristics determine water storage and
runoff potential. Some of these sub-watersheds
are considered closed basins: the storage volume
in the closed basin must be filled to the level of
the lowest outlet before this basin begins to
contribute to flows in a river or stream outside
the basin. This type of basin by definition has
large quantities of surface storage (lakes,
wetlands, reservoirs, or other surface depres-
sions). Local flooding can occur in the local
basin as water levels rise, even though the basin
is not contributing to flooding outside the basin.
In open systems, surface water runoff generally
flows to a stream and out of the system. If the
high-elevation area separating a closed basin
from a stream is overtopped by a flood event or
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breached by a drainage channel, the closed basin
becomes part of the open contributing system,
and rapidly adds flows to downstream channels.
Many of the constructed open ditch drainage
systems present today cause closed systems to
function like open systems (SAST, 1994).

The upland watershed characteristics
across the upper Mississippi River Basin have
changed considerably over the past 100 years.
The conversion of the majority of the Great
Plains from a prairie/wetland landscape to one of
urban/agricultural land use has greatly altered the
quantity, quality and timing of waters delivered
to the rivers. In many areas, the land has been
altered to drain water as quickly as possible to
help reduce crop losses. The draining and filling
of wetlands has changed the manner and rate at
which water enters tributary streams in complex
ways that cannot easily be explained or modeled.
How different sizes, shapes, numbers, kinds, and
spatial configurations of wetlands and adjacent
habitats and land use influence the distributions
not only of water, but of energy, nutrients,
pollutants, and species, is presently known in
only a general, fragmented, or localized way. A
systematic view of these interactions that links
spatial and temporal variation within the context
of a wetland landscape altered by human activi-
ties has not yet emerged (Bedford and Preston,
1988). However, there is considerable evidence
that inputs to floodplains of sediment, nutrients,
and chemicals from upland watersheds can have
major impacts on floodplain ecosystem health
and integrity (UMRCC, 1993; Coastal America,
1994; Freshwater Foundation, 1994, Lubinski,
1993).

The floodplain components of the water-
shed are the lowlands adjoining the channels of
rivers and streams, or the shorelines of lakes,
wetlands, or other standing bodies of water.
They are lands that have been or may be inun-
dated by floodwater. Floodplains are shaped by



dynamic physical and biological processes
including climate, the hydrologic cycle, erosion
and deposition, extreme natural events, and other
human-induced forces. Floodplains are among
the most productive of the planet's ecosystems,
and this productivity is tightly linked to their
function of temporarily holding and conveying
floodwaters. The unique nature of the floodplain
is a result of both shori-term and long-term
fluvial processes. The importance of the river to
the floodplain and the floodplain to the river
cannot be overemphasized. If either is altered,
the other will also change in time because
floodplains and their rivers are in a continual
dynamic balance between building of structure
and removal of structure.

When considering the natural functions
of and outputs generated by floodplains, the
flooding of the floodplain is important for the
maintenance of the floodplain-river ecosystem.
The flooding water and subsequent groundwater
levels are the main determinants of the type and
productivity of vegetation found there. Flooding
waters also bring nutrient-rich sediments to the
floedplain, export organic and inorganic material
from the floodplain, and serve as a primary
agent for long-term aggradation and degradation
of the floodplain. The hydroperiod of the flood-
plain, which includes its duration, intensity, and
timing, is the ultimate determinant of the ecosys-
tem structure and function (Mitsch and
Gosselink, 1986).

Most of the plants and animals inhabit-
ing the floodplain have adapted to a flood-pulse:
an annual advance and retreat of floodwaters
onto the floodplain (Junk et al.,, 1989). During
a flood in unconstricted floodplains, aquatic
organisms migrate out of the channel and onto
the floadplain to use the newly available habitats
and resources. As floodwaters recede, nutrients
and organic matter from the floodplain are
funneled back into the river along with newly
produced biomass (fish, invertebrates, etc.). This
flood-pulse concept points out the importance of
the lateral links of the river-floodplain system, in
addition to the longitudinal (upsiream/down-
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stream) component for maintaining a healthy,
functioning river-floodplain ecosystem (Sparks,
1995).

Obviously, however, not all uses of the
floodplain are compatible with a natural
hydroperiod or flooding characteristic. For
example, restricting flooding of the floodplain is
usually required to minimize the loss of crops
and damages to property that exist in the flood-
plain. Currently, there are several systems of
levees in place that reduce the flood frequency to
many urban and agricultural floodplain use areas.
The development of a flood control system on
the Missouri and Mississippi Rivers to support
these activities has been discussed in Chapter 2,
Settlement and subsequent development in
floodplains have resulted in changes in flood-
plain physical characteristics that are analogous
to changes in the upland watershed. Urban and
agricultural development, coupled with the
construction of levees, dams, and navigation
facilities, and wetland drainage have resulted in
complex changes in the flow characteristics of
the river-floodplain system. These different uses
of the floodplain represent choices made by
society that almost always result in trade-offs.
For example, levees constructed to enhance
agricultural use of the rich alluvial soils or to
protect urban areas in turn affect biological
productivity through the elimination of the flood-
pulse and its associated processes.

The FPMA focuses primarily on what
effects changes in the floodplain have had on
determining the type and amount of damages
that occurred with the 1993 flood. It also evalu-
ates what the possible outcomes would have
been under a number of alternative approaches,
including one emphasizing greater consideration
of the natural and cultural values of the flood-
plain.

Since it was impossible to address a total
watershed model or fully develop quantitative
data within the time frame available for this
assessment, the assessment framework considers
comparative impacts of various alternatives



through a combination of systemic floodplain
evaluations together with more specific impact
reach studies. Selected sub-basin watersheds in
the upper reaches were also examined to deter-
mine what actions could be pursued that would
reduce the magnitude and slow the timing of
runoff to the major river corridors.

Floodplain Qutputs/Values

The outputs and values of floodplains
can be considered from many perspectives,
Throughout the history of the United States, the
prevailing view has been that humans should use
and modify the natural environment, including
floodplains, to meet their needs, and to a large
extent this has occurred. Many of the decisions
to develop and modify the floodplain were made
before the complex processes that control river-
floodplain outputs were known. The cumulative
impacts of localized floodplain actions are still
seldom considered or evaluated.

The current floodplain outputs and
associated damages from the 1993 flood are a
direct result of past decisions made regarding
appropriate use of the floodplain. Ofien, deci-
sions made at the local level do not consider or
cannot predict effects that may occur in other
parts of the system. Similarly, decisions made
on a national or regional scale may not adequate-
ly address all the social, economic, or environ-
mental ramifications on the local scale. In any
case, these decisions usually require a trade-off
between one output and another, and regardless,
all these decisions are associated with a cost.
Some current floodplain outputs require consid-
erable government investment (infrastructure or
disaster relief) to be sustained, while to attain
high levels of other outputs would require major
disruption to local communities or individuals.
Some floodplain outputs are simply incompatible
with each other, and decisions regarding the
most appropriate or desired use must be made.
Sometimes the political process is the only way
that incompatible uses are resolved,

33

Many of the products and services
generated by floodplains are valuable resources
for society. They are public goods, recognized
under the public trust doctrine of public law, and
have no commercial value for the private owner
(Jahn, 1978; Bardecki, 1984). This is an impor-
tant consideration when weighing the range of
potential outputs from floodplains, because these
outputs are a combination of private and societal
goods, services, and values. A problem arises
when comparing these outputs because it is
difficult to find a common scale upon which to
measure them,

The market mechanism of supply and
demand 1s not well suited for evaluating and
ajlocating public goods. A private landowner's
decision to modify the use of the floodplain is
based largely on internalized (private) costs and
benefits. Since many floedplain benefits or
commodities do not compete in the marketplace,
they cannot be realized by the landowner.
Floodplains are multiple-value systems; e.g.,
some areas may be more valuable for waterfowl,
other areas may be more valuable for fish pro-
duction, some areas may be more valuable for
agricuitural production, and other areas may be
most valuable for their flood storage function. It
has been suggested that no more than one-sixth
of the total societal benefits of wetlands can be
realized by a private owner, even though the
owner may bear all the costs (taxes, etc.) of
ownership. Clearly, it is difficult to compare
this wide range of values with a single index
such as dollars. Attempts have been made to
place a dollar value on the benefits of wetlands,
floodplains, and other ecosystems, but none are
wholly satisfactory or universally accepted
(Smith, 1992: Farber and Costanza, 1987,
Scodan, 1990; others).

Changes in the way society values the
wise use of natural resources found in the
Nation's river corridors can be seen in the many
State and Federal laws enacted since the 1960's.
For example, with passage of the National
Environmental Policy Act (1969), Congress
formally recognized that environmental resources



depend upon the functioning of complex natural
systems, and declared environmental quality as
a national goal. Further, the Interagency Flood-
plain Management Task Force established two
broad objectives for a unified national program
for floodplain management: 1) to reduce loss of
life and property due to floods; and 2) to mini-
mize losses of natural and beneficial resources
from changes in land use by promoting the wise
use and management of the Nation's floodplains.
However, the fact that various government
programs are in place today that are inconsistent
with these objectives demonstrates that a diversi-
ty of views regarding appropriate outputs from
alternative uses of floodplain resources still
exists.

Some of the natural services provided by
floodplains include flood storage, conveyance,
water purification, fish and wildlife habitat, fish
and wildlife production, biological diversity, and
recreational  opportunities. In addition,
floodplains offer cultivated resource values
including products from agriculture, aquaculture,
and forestry. Given adequate protection from
floodwaters, floodplains also provide commercial
and residential outputs. A partial list of flood-
plain outputs, derived from the Federal Inter-
agency Floodplain Management Task Force
Report {1992}, is shown in Table 3-1. A thor-
ough description of these resources can also be
found in that report.

Table 3-1.
Outputs,

River/Floodplain Resources and

Water Resources

Natural Flood and Erosion Control
Reduce flood velocities
Reduce flood peaks
Reduce wind and wave impacts

Surface Water Quality Maintenance
Reduce sediment loads
Filter nutrients and impurities

Process Organic and Chemical Wastes

Groundwater Maintenance
Promote infiltration and recharge
Enhance base flow
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Living Resources

Support Vegetation

Maintain high productivity

Maintain natural genetic diversity
Provide Habitat

Breeding and feeding arcas (fish and
wildlife)

Protect rare and endangered species

Corridors for migration
Support Other Ecosystems

Produce and export organic matter

Land Based Resources

Maintain Harvest of Natural Products
Cultivation of fish and shellfish
Create and enhance forest lands
Provide harvest of fur resources

Maintain Harvest of Agricultural Products
Create and enhance agricultural lands

Provide Residential/Commercial Qpportunities
Businesses and Homes

Cultural/Recreational Resources

Provide Education and Scientific Study Oppor-
tunities
Ecological studies
Historical and archeological sites
Recreational Opportunities
Provide for active and consumpiive uses
Provide arcas for passive activities
Provide open space and agsthetic values

An understanding of the various uses and
values in the floodplain and their effect on cach
other is the first step in developing a
multi-objective approach to management of the
floodplain. The FPMA has addressed many of
these floodplain outputs and values as impacts
relative to the various structural and nonstruc-
tural floodplain management evaluated ap-
proaches.

Land Use/Land Cover

The distribution and degrec of damages
and impacts experienced from the flood of 1993



reflect the land use and settlement patterns
within and adjacent to the floodplain. Land
Cover refers to the type of feature present on the
earth's surface. Land Use relates to the human
activity associated with a piece of land. The
estimates of land use and land cover for the
FPMA (except within the Omaha District) were
made from data developed for the Scientific
Assessment and Strategy Team (SAST) from
1990-1992 August/September Thematic Mapper
satellitc imagery, with categories corresponding
to the Anderson Level 1 classification (Anderson
et al., 1976). For the Omaha District, land use
data from the Missouri River Flood Plain Atlas
(1982) was used.

Table 3-2 is provided to show the gen-
eral picture of land use within the FPMA study
area and the degree of 1993 flooding relative to
those land uses.  However, for the various
FPMA analyses that were conducted, the actual
base acreages may differ from this table. As
described later in this chapter and in Chapter 5,
it was not rcasonable to identify onc¢ unique
study arca for defining base conditions for
economic, hydraulic, and environmental analysis
because of the vanability in data quality and
extent of coverage among the various sources of
data.

Differences will be apparent when
comparing the data in Table 3-2 with other land
usefland cover databases. For example, the data
presented in the Interagency Floodplain Manage-
ment Review Committee (IFMRC) report (1994)
will vary somewhat because of different overall
study areas used for the two assessments. Dif-
ferences for Mississippi River Districts will also
vary from data developed by the Environmental
Management Technical Center (EMTC) because
of differences in classification categories, ground
truth verification, and extent of floodplain used
as a base. It should also be noted that classifica-
tion of satellite imagery is typically only 85
percent accurate, and this could also account for
some differences between different studies.

In Table 3-2, it is apparent how land use
characteristics of the floodplain system change as
onc moves downriver. Obvious differences

3-5

between the Mississippi and Missouri Rivers are
also apparent, particularly the high extent of
agricultural land use on the Missouri River.
Although wetland and water show a greater
percentage of land use in more upstream loca-
tions of the Mississippi River, with agriculture
dominating in lower reaches, agriculture is
dominant throughout the Kansas City and Omaha
reaches of the Missouri River. Urban use is also
higher on the Mississippi River than in the
Missouri River floodplain, with the highest
overall percentage in the St. Paul District reach.
The floodplain is narrower here, however, and
higher total acres of urban use are seen in lower
reaches. Excluding the water category, "natural”
land use (wetland and forest) accounts for only
10 percent of the floodplain on the Missouni
River, but accounts for 15 to 25 percent of the
Iand use on the Mississippi River.

The IFMRC Report (1994) provides a
good overall description of the history of devel-
opment and current trends in the upper Missis-
sippi River Basin land usec. Portions of that
narrative are repeated or modified in the discus-
sion that follows.

Management of the Nation's floocdplains
involves a variety of disciplines, governments,
and private sector activities, all of which interact
in complex ways to influence the priorities for
land use in the floodplain. The floodplains
along the main stem Mississippi and Missouri
Rivers and the major tributaries that were inun-
dated generally are used for agriculture, and
most areas are sparsely populated. Throughout
most of the area, river towns are protected by
urban levees, or they are located primarily on a
bluff. Floodwaters thus inundated neighbor-
hoods rather than entire communities. Residenc-
es, businesses, and industries reccived damages
in bottomland arcas and along tributaries near
Kansas City and St. Louis. Development in
these urban areas, however, is largely in the
uplands or protected by urban levees that provide
flood protection. As a point of comparison,
significantly fewer people were affected by the
Midwest Flood of 1993 than by the 1927 flood
on the lower Mississippi River,
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Above Rock Island, Illinois, the Missis-
sippi River valley is relatively narrow and
bottomlands are filled to a large extent by navi-
gation pools - the slack-water pools that form
behind navigation dams. Most of the remaining
floodplain in this area is contained in wildlife
refuges with limited agriculture. Along this
reach of the river are scattered towns settled
during the steamboat era that have developed as
market centers and service areas for agricultural
communities. Industries were established in
many of these towns to take advantage of river
navigation and the railroads that later followed
the river valleys. Such towns generally have
been protected by urban levees or are largely out
of the floodplain. Below Rock Island, the valley
widens out to as much as 6 miles. The extensive
bottomlands in these areas are protected by
agricultural Ievees and are used for crops. The
leveed areas include farmsteads and a few small
farm communities entirely within the floodplain.

Missouri River bottomlands, used pre-
dominantly for agriculture, are protected to
varying degrees by levees. On the fringes of the
bottomlands are small farm communities. In the
adjoining uplands, a number of larger communi-
ties are located on the bluffs above the valley.
Developed floodplains with larger urban areas
such as Omaha-Council Bluffs, Kansas City, and
St. Louis are largely protected by levees. Near
Kansas City and St. Louis, several residential,
industrial, and commercial areas are built on
floodplains behind levees that overtopped or
failed in 1993. Other residential, industrial, or
commercial areas were flooded along the larger
tributary streams in these urban areas. Scattered
along the river are rural subdivisions, many of
which began as hunting and fishing camps and
evolved into year-round communities. These
subdivisions provide inexpensive housing in part
because of cheap land, lack of services such as
sewer and water, limited land use controls, and
few building requirements.

On the major tributaries, the patterns of
development are much the same as along the
Mississippi and Missouri River main stems,
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although the bottomlands are narrower with
fewer farmsteads. The small towns along these
tributaries often have flood-prone neighborhoods,
but most of the population lives in the adjoining
uplands.

Environmental Impacts of the Flood

An actual flood event is not typically
considered a negative impact from an environ-
mental perspective, because most of the plants
and animals of the natural floodplain have
adapted life history strategies that allow them to
react to and benefit from floods. Because the
particular usc of a picce of land is the ultimate
determinant of the status of the environmental
resources and outputs of that land, land use, as
opposed to flood impacts, was the basis for the
environmental impact categories chosen for this
assessment (see Chapter 4). Te measure changes
in land use related to various floodplain manage-
ment pptions, and thus changes in environmental
resources, an environmental resources inventory
was conducted for the entire study area flood-
plain to quantify the existing floodplain resourc-
es. This data was compiled by a contractor
using existing databases and personal contacts
with agency staff from many State and Federal
agencies (Appendix C).

Although "land use" and not "flood
impacts" was used to assess environmental
effects, it is useful to note how the natural
environment responded to a flood of the magni-
tude that occurred in 1993, Flooding can have
both beneficial and detrimental impacts to the
biota of the floodplain system, however. Im-
pacts to wildlife adjacent to leveed streams could
be affected more than in non-leveed arcas be-
cause of the possibility of levee breaches or
breaks where there is a swift influx of water. In
an unregulated river, water levels generally rise
gradually to flood stages and animals have a
longer time period to escape rising water. Flood
impacts can also be short-term and/or long-term.
For example, the short-term impact of tree
mortality creates gaps in the canopy of a forest
community, allowing light penetration and new



tree growth to occur in these gaps. This process
sets back succession and can lead to a more
diverse forest community in the long term. The
1993 flood caused substantial tree mortality in
the upper Mississippi River system floodplain.
The magnitude of flood impacts was correlated
with the amplitude and duration of the flood.
On the Mississippi River from pool 17 downriv-
er to the open river, 18 to 37 percent of the
canopy trees were killed, 70 to 80 percent of the
saplings perished, and smaller juvenile trees
were nearly completely wiped out (Yin et al.,
1994), On the Missouri River, forest stand
regeneration was noted in some flooded areas,
but some levees reportedly lost considerable
vegetative cover due to scour and prolonged
inundation (Becker, pers. comm.).

Flooding can allow native species to
reintroduce or increase their foothold in areas
that have been invaded by tree species not
adapted to flooding in bottomland environments
(Bhowmik et al., 1993). The floodwater aided in
dispersal of oak, hickory, and other seeds to new
areas of the floodplain (Allen, 1993). The flood
of 1993 also benefited some of the native marsh
vegetation by suppressing purple loosestrife, the
invading weed which has been displacing the
native species (Allen, 1993).

In some areas, predatory species of the
riverine environment thrived by feeding on fish
which are trapped in shallow arcas. Wading or
predatory species of birds such as shorebirds,
herons, egrets, bald eagles, and hawks benefited
by increased food resources such as fish trapped
in shallow areas, Mammals such as raccoons
and mink likewise benefited. Other bird species
such as the endangered least tern had many nests
swept away by the rising waters (Allen, 1993).

The flood disrupted attempts at improv-
ing wildlife habitat by inundating the 6,600-acre
Ted Shanks Conservation area in Missouri.
Instead of having 19 separately managed units,
that area became a large pool with water up to
20 feet deep in arcas, thereby eliminating much
of the shallow water needed for feeding areas by
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some waterfowl (Allen, 1993). The flood also
directly destroyed or reduced available food for
migratory waterfowl such as the mallard, which
relies on the seeds of native plants and on com
left in fields after harvest (Allen, 1993),

For many species of fish, population
levels increased due to the abundance of food,
increased spawning habitat, and increased juve-
nile survival due to the large nursery areas
resulting from flood inundation. During the
1993 flood, the inundated farms and pastures
became some of the most active areas of biologi-
cal activity (Theiling, 1993). Grass pickerel,
bigmouth buffalo, largemouth bass, black crap-
pie, white bass, and bluegill all showed increased
spawning and survival as a result of flood condi-
tions.

Flooding can result in an increase in the
number of pest species such as mosquitoes due
to the increase in habitai available for laying
eggs. Another pest species present in the study
area is the zebra mussel, but it is unknown how
the flood affected this species.

During the flood, a change in the domi-
nant sedimentation process in selected sampled
pools of the Mississippi River resulted in scour-
ing of decper areas and accumulation of sedi-
ment in shallower areas, a reversal of the trend
during preflood conditions. The net rate of
sediment accumulation along sample transects
during the flood was less than that during previ-
ous surveys (Rogala and Boma, 1994),

Cultural Resources Impacts of the Flood

The Mississippi and Missouri Rivers
have been many things to those who have inhab-
ited their floodplains. The rivers have been
important transportation corridors; a resource for
fish, game, mussels, and wild rice; a boundary
between human groups; a recreational resource;
and their floodplain terraces home to people for
more than 12,000 years. During their travels on
these rivers, in their campsites and village sites
and their cities, and in the wrecks of their boats,



the valleys' inhabitants have left evidence of
their presence. Numerous surveys conducted by
the Corps of Engineers and other agencies and
database compilations have shown that the
middle and upper Mississippi River floodplains
contain thousands of archeological and historic
sites. As the Missouri River has historically
meandered extensively across its floodplain, the
opportunity of site survival there is low.

Floods affect cultural resources in a
number of ways. Archeological sites lying along
streambanks can suffer erosion, leading to partial
or total loss of the site. Inundation can bury
sites in silt and subject them to compaction and
moisture damage. After floodwaters recede, the
soft ground surface may be tracked, rutted, or
otherwise damaged by rescue vehicles, official
personnel, and landowners. Standing structures
can be swept away or flooded from their base-
ments 1o their rooftops, leading to the partial or
total destruction of the structure. Flood damage
to upland archeological and historic sites, while
important, cannot be addressed in this report.

The human response to floods can limit
or increase damages to archeological and historic
sites. Levees protect both types of sites from
flooding, but subject both to urban or agricultur-
al development. Retaining excess water in flood
storage reservoirs for longer than normal can
causc bank erosion around the reservoir. Build-
ing emergency levees using nearby fill can
destroy archeological sites, and levee failures can
cause much more rapid and serious erosion and
can sweep buildings away - as was seen so
vividly in the television coverage of the flood.
The policy/program and action altemmatives
examined in this study would also affect cultural
resources in different ways.

The 1993 flood had a broad range of
effects on cultural resources in the upper Missis-
sippi River Basin. Damage to cultural resources
was greatest on the Mississippi River in the
Rock Island and St. Louis Districts. On a scale
of 0 to -5, the extent of damage became increas-
ingly worse as the flood moved downriver. In

the St. Paul District, the flood's effect on cultural
resources received a -1 rating. For Rock Island
District (from Guttenberg, lowa, to Saverton,
Missouri), the flood's effect on cultural resources
rated -2, and in St. Louis District (from Saverton
to the Ohio River) the flood's effect rated -4 for
archeological resources and -3 for historic re-
sources.

Cultural resources impacts on the Mis-
souri River below Rulo, Nebraska, appear to
have been minimal. Other than some early 20th
century farmstead sites that may have been
affected by the flood, Kansas City District
reports that no historic standing structures and
none of the significant known prehistoric sites
were damaged by the flood.

A more detailed discussion of the cultur-
al resources within each District's boundaries is
presented in the Cultural Resources appendix
{Appendix E).

Economic Impacts of the Flood

One of the initial tasks of this assess-
ment was to obtain information and data on the
damages, expenditures, and other losses caused
by the Midwest Flood of 1993. Great rcliance
was placed on already existing sources of data.
The 1993 flood damages in most cases exceeded
existing stage damage curves, since they do not
adequately cover the damages experienced when
floods last several months. The extreme dura-
tion of the 1993 flood resulted in significantly
greater damage than a comparable height of
shorter duration. A significant additional effort
was required, however, to compile and organize
this data so that it would serve as the "base
condition” within the evaluation framework that
was developed in this assessment. The establish-
ment of "impact categories” as a part of the
evaluation framework is covered in Chapter 4 of
this report.

A scope of work was prepared that
identified the economic and social related impact
categorics for which data from the 1993 flood



would be collected by each of the five Corps
Districts in their respective areas. Four of the
five Districts obtained contractor assistance to
collect relevant data, mostly from secondary
sources. Kansas City District did its own data
collection. This data was subsequently provided
to the Lower Mississippi Valley Division
(LMVD) office of the Corps, which was as-
signed responsibility for preparation of a report
summarizing the damages from the Midwest
Flood of 1993. The LMVD report is a primary-
reference document for this assessment. The
Interagency Floodplain Management Review
Committee report was another important source
of information and data related to Federal Gov-
emment expenditures on emergency response
and recovery costs. Other data was obtained
directly from Federal agencies such as the Feder-
al Emergency Management Agency (FEMA) and
the Department of Agriculture.

As data coliection was nearing comple-
tion, it was determined that two base conditions
were needed for developing comparisons of
economic impacts in the evaluation framework.
The first base condition (Column A in the sum-
mary matrix tables; see Chapter 5 presentation)
cavers all Federally declared disaster counties
contributing flows to the upper Mississippi and
lower Missouri River Basins. Approximately
475 counties are included (Figure 3-1, FPMA
Disaster Counties). (NOTE: For the nine-State
Midwest region as a whole, more than 525
counties were included under disaster declara-
tions. Those not being considered in this flood-
plain management assessment are outside the
upper Mississippi and lower Missouri River
drainage basins).

The second base condition (Column B)
includes only those Federally declared disaster
counties that are adjacent to the main stems of
the two rivers or to their major tributaries that
were the subject of separate impact reach analy-
ses (Figure 3-1, Impact Study Reach Counties).
This set covers floodplains of major rivers in the
region being examined in this assessment and
includes approximately 120 counties. Maost of
the impact comparisons that are developed in
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this assessment focus on this limited set of
counties in Column B of the summary evaluation
tables.

Environmental resource categories, data
and information concentrated specifically on
floodplains in river segments corresponding 1o
the Column B counties. No environmental
resource inventory for this floodplain manage-
ment assessment was conducted in upland water-
shed areas. The focus for data collection on
critical facilities was likewise concentrated on
the floodplains corresponding to the Column B
counties.

Each District has developed its own data
for the two base conditions with the exception of
St. Louis District, where all counties within its
boundaries are included in both Columns A and
B. For all of the economic and risk impact
categories, information and data were most
readily available or able to be developed at the
county level. A remaining challenge is to be
able to analyze and evaluate economic and social
data on the basis of floodplain location. A start
has been made in organizing some types of
information and data on this basis, but a system-
ic portrayal of specific economic and social data
for many of the issues of interest for basins and
main stems as large as the lower Missouri and
upper Mississippi Rivers remains to be accom-
plished.

In the following section, both region-
wide impacts and impacts within FPMA study
reach counties are discussed. Damages or
impacts that relate specifically to areas examined
in this assessment are identified as such.

At least half the damages incurred in the
Midwest region during the 1993 event were
losses in agricultural production. A very conser-
vative estimate, based largely on government
assistance to farmers in the form of crop insur-
ance and disaster relief, is that at least $3.85
billion in agricultural damages were incurred for
all counties in the upper Mississippi and lower
Missouri River Basins,
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This was a region-wide impact, extend-
ing far beyond the floodplains of the main stem
rivers and major tributarics. In the Base Condi-
tion, Column B “floodplain" counties for the
impacts summary tables presented in Chapter 5
of this report, some 21 percent ($817 million) of
the total regional agricultural preduction losses
are estimated to have occurred, despite these
counties being about 25 percent of all the Feder-
ally declared disaster counties being examined
within this assessment. A somewhat greater
share of the losses appears to have been experi-
enced in counties in upland areas of major
watersheds where extensive, persistent rainfall
made farming extremely difficult, if not impossi-
ble, on many of the more than 35 million farm
acres damaged (NRCS, pers. comm.) during the
summer of 1993,

An even more telling point can be made
from review of Federal Crop Insurance Corpora-
tion data on causes of loss associated with
insurance payments for 1993. More than 80
percent of the insurance payouts, region wide,
for the declared disaster counties were for causes
of loss other than "flooding." Far more payouts
were attributable to "excessive rainfall” than to
any other cause of loss. St. Louis District
counties along the Mississippi River and tributar-
ies in Illinois and Missouri prove to be the
primary exception, where approximately 62
percent of the losses were caused by overbank
flooding associated with agricultural levees in
the floodplain being overtopped in many loca-
tions. But agricultural losses in St. Louis Dis-
trict account for only 4 percent of the total
regional agricultural losses. In the St. Paul
District areas of Minnesota and Wisconsin, by
contrast, only 1 percent of agricultural losses
were attributable to "floeding," while 60 percent
were caused by "excess rainfall" This area
experienced more than 12 percent of the total
regional agricultural losses. Causes of loss in
Omaha, Kansas City, and Rock Island District
areas fell between these two extremes. In Kan-
sas City District, counties adjacent to the Mis-
souri River also were subjected to flooding as
the principal cause of agricultural losses. Never-

3-12

theless, in many locations, agricultural losses
were not capable of being addressed by changes
in floodplain management policies and programs,
as these losses were experienced in upland areas’
of the watersheds, not in the floodplains them-
selves.

For the residential impact category, more
than $760 million in damages are estimated to
have been experienced across the region during
the flood. St. Louis District counties alone
contributed $431 million (57 percent) of this
total. It appears that, in many locations, the
estimates of flood damage exceed what might
otherwise have been expected through applica-
tion of existing stage-damage curves. It may be
that these curves do not adequately cover the
damages experienced when flood durations last
several months, The extreme duration of the
1993 flood resulted in significantly greater
damage than a comparable height flood of
shorter duration.

Other urban damages, including losses to
commercial and industrial structures, public
buildings, transportation facilities, and utilities
are estimated at more than $1.6 billion for the
area examined by this assessment. Counties in
the Kansas City District accounted for 40 percent
of this total, and St. Louis District counties
contributed another 37 percent. These reflect
major impacts along the Missouri River as it
crosses the State of Missouri and in the metro-
politan Kansas City and St. Louis areas.

At least $227 million is estimated to
have been spent on emergency response Costs
region-wide. St. Louis and Rock Island District
countics were the locations of 45 percent and 31
percent of these expenditures, respectively.

At least $1.161 billion is estimated to
have been expended on disaster relief for agri-
culture in the counties covered by this assess-
ment. Omaha, Rock Island, and St. Paul District
areas received the largest amounts of aid, reflect-
ing the heaviest and most widespread losses in
Towa, Minnesota, South Dakota, and Missouri,



For disaster assistance related to human
services, approximately $1.3 billion is estimated
to have been expended in the counties examined
for this assessment. Within four of the five
Corps District boundaries, disaster assistance
reached more than $250 million; the St. Louis
District area, with a smaller number of counties,
was the recipient of an estimated $134 million.

With respect to Federal insurance pro-
grams, expenditures through the National Flood
Insurance Program (NFIP) and the Federal Crop
Insurance Corporation (FCIC) were significantly
less than the amount of disaster aid dollars
provided for human resources and agricultural
needs. For the NFIP, $372 million in claims
payments is estimated to have been provided for
the counties covered in this assessment. This
number is larger than reported in the IFMRC
Report (1994), but it reflects data collected 6
months later than the IFMRC effort and is thus,
presumably, a more complete compilation. For
the FCIC, approximately $748 million in claims
payments were made in these same counties.

Critical Facilities

The Water Resources Council's Flood-
plain Management Guidelines established the
concept of a "critical action." The report ex-
pressed concern that the impacts of floods on the
safety of human health, physical safety, and
welfare for public activities created a need for a
greater amount of protection than that provided
by 100-year base flood protection. Thus, a
greater level of protection and a minimum basic
standard used to evaluate critical actions were
established with the 500-year level or 0.2 percent
chance flood.

Along with the need for critical action
evolves the need to determine the definition of a
critical facility and its importance to the public.
A suggested list of critical facilities has been
determined by agency comments and coordina-
tion. "Critical” is defined as ‘being in or ap-
proaching a state of crisis especially through
economic disorders or by virtue of a disaster;

characterized by risk or uncertainty.’ A "facili-
ty" is ‘something that is buill, installed, or
established to serve a particular purpose.’
Therefore, a critical facility is a structure which

is already built and located in the floodplain

which cannot be moved due to the service it
provides and which would cause a crisis or
disaster to the lives and health of the community
in which it is located if it were affected by a
500-year level flood (US. Water Resources
Council, 1978).

The critical facilities determined to be
hazardous to life and health can be identified by
four major categories: 1) Hazardous Materials
Production, Storage, and Waste Facilities; 2)
Essential Utilities; 3) Essential Services; and 4)
Emergency Services. The specific facility types
in each major category are listed in Table 3-3.

Table 3-3. FPMA Critical Facility Category
List.

1. Hazardous Materials Production, Storage,
and Waste Facilities

Superfund Sites

Landfills

Hazardous Waste Facilitics
Petrochemicals and Major Pipeline

2. Essential Utilities

¢  Municipal and Industrial National
Pollutant Discharge Elimination Sys-
tem (NPDES) Sites

Major Power Utility Substations
Communication Equipment and Re-
lated Antennas (television, radio,
telephone services)

¢  Water Treatment Plants

s Major Water Supply Intakes
¢ Water Well Fields

» Sewage Treatment Plants

s  Power Planis

L}
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3. Essential Services

* Hospitals

Group Homes for the Mobility Im-
paired

Schools

Major Airports

Federal Post Offices

State or Federal Bridges

Prisons

4. Emergency Services

Fire Departments

Police Stations

Military Bases

Major Computer Centers

The first category, Hazardous Materials
Production, Storage, and Waste Facilities, is
defined as a plant or site which produces or
stores toxic, volatile, or water-reactive materials
for a period greater than 90 days and in suffi-
cient amounts ¢stablished by the Environmental
Protection Agency (EPA) Guidelines, Hazardous
Matenal Production, Storage, and Waste Facili-
ties includes the collection, source separation,
storage, transportation, processing, and treatment
of hazardous wastes as listed by the Resource
Conservation and Recovery Act of 1976,
superfund sites established by the Comprehen-
sive Environmental Response, Compensation and
Liability Act (CERCLA) for the treatment of
inactive hazardous waste sites, landfills, hazard-
ous waste facilities, petrochemicals, and major
pipelines of petroleum and natural gas.

The second category, Essential Utilities,
provides major service and aid to the essential
welfare of a community. Essential Utilities are
those which provide the unavoidable necessities
of daily life. These facilities for essential utili-
ties include water treatment plants, major water
supply intake systems for large communities,
water well fields, sewage treatment plants, power
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plants, major power utility substations/switching
facilities, major power lines, municipal wells and
substations, communication equipment and
related antennas used in essential utilities such as
television, radio, and telephone services who are
members of the National Emergency Broadcast
System. Municipal and industrial NPDES sites
which have been specifically designated by
permit to discharge pollutants into the waters of
the United States were also included in this cate-

gory.

Water supply intake systems for. some
small communities would be more cost efficient
if the well or pipes were capped and drinking
water was provided temporarily. These smaller
communities would not be designated as “‘essen-
tial utilities” because of their size (and the option
of bringing in drinking water for smaller com-
munities). However, the loss of water is critical
regardless of the population. The Safe Drinking
Water Act applies the standard rules applicable
to the initial building and rebuilding of water
intake systems, regardless of the size of the
community. Systems that would be inundated
and suffer total water loss should be designated
as Level I; these communities would have no
water available to them at all. Level 11 is those
communities which would have no potable
water, but water sufficient for sanitary uses.

Essential Services, a third category,
would include services which provide health
care, transportation, and safety to society. These
include hospitals, schools, group homes for the
mobility impaired, major passenger airports,
Federal post offices, bridges, and prisons.
Housing for the elderly is considered a critical
facility when fast and unexpected rising of
floodwaters would prevent safe evacuation and
placement of the elderly, who are relatively
immobile (Federal Emergency Management
Agency, 1987).

Airports are considered critical if they
accommodate more than 1,000 passengers per
day and are located in a floodplain. Essential
bridges and highways which are critical include



any State or Federal highway bridge across a
major river (defined as having a drainage area of
4,000 square miles or more), interstate highway
system, and Class I railroad bridges.

Emergency Services provide protection
or assistance in the event of an emergency. The
Emergency Services category would include fire
departments, police stations, military bases, and
computer centers which serve the previous
emergency services.

Historical and cultural sites are not
included in the definition of a critical facility,
but deserve special attention. Protection of those
structures and areas listed on the National Regis-
ter of Historic Places is important in preserving
the history of the country and the education of
society (36 CFR 800).

A varicty of sources were contacted in
the attempt to identify and develop databases for
these critical facilities. Some of this data had
been compiled previously by the Federal Emer-
gency Management Agency (FEMA), the Scien-
tific Assessment Strategy Team (SAST), the
Environmental Management Technical Center
(EMTC), the Environmental Protection Agency,
the Corps of Engineers, and a range of other
State and Federal agencies and sources from the
nine study areca States. Usually data varied
among sources in extent of coverage, degree of
conversion to digital form, spatial characteristics
or description, and overall availability. As part
of the FPMA effort to identify critical facilities
needing added protection, the compiled databases
have been summarized in Table 3-4. A list of
identified facilities and a general description of
each is provided in Attachment 4, along with
tables showing the quality, sources, and other
characteristics of the data. It needs to be empha-
sized that the list of facilities is incomplete and
is based on limited data that varies in quality
from one location to another.

Risk Factors
Another challenge in examining existing

floodplain resources and establishing an evalua-
tion framework for this assessment was to in-

clude consideration of a range of social issues
and impacts related to the 1993 flood. There
were major societal disruptions associated with
tens of thousands of people forced from their
homes for extended periods; transportation
disruptions with bridges closed and access to
jobs and businesses severely impacted in river
communities; and loss of at least 47 lives attrib-
uted to the flood. For this assessment, there was
a need to establish impact categories that would
serve as quantitative indicators of changes in
impacts for which data could be obtained that
would reflect social needs and conditions.

As a result, five impact categorics were
developed with the expectation that quantitative
data and information could be obtained that
would portray the severity of the 1993 flocd.
Two of the five impact categories reclated to
critical facilities, as discussed in the previous
section of this chapter. The other three involve
estimates of the number of people that were
vulnerable to flooding; the number of communi-
ties that were vulnerable to flooding; and the
number of residential structures that were vulner-
able to flooding. These risk related impact
categories comprise rows 19 through 23 of the
evaluation matrix summary tables, examples of
which are initially presented in Chapter 4 of this
report.

An obviously conservative method of
estimating the number of people vulnerable to
flooding, for which quantitative data was avail-
able, is to use the number of claims for assis-
tance from agencies such as the FEMA individu-
al and family assistance programs and Small
Business Administration loan programs for
homes, businesses, and economic injury. Based
on employment, transportation, and public ser-
vice disruptions in river communitics that were
flooded, it is also recognized that the impacts
extended beyond those who incurred damages
and losses to property. Data to account for such
disruptions, in terms of number of people affect-
ed, were not able to be developed on a consis-
tent basis for all affected areas in the entire
basin, but would clearly include at least several
million people.
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TABLE 3-4. Number (1) of Critical Facilities Impacted by the 1993 Midwest Flood by
District within the Floodplain Management Assessment Study Area (2).

Corps of Engineer Districts

Critical Facility Omaha Kansas City | St. Paul | Rock Island | St. Louis TOTAL
Municipal & Industrial NPDES 9 18 - 27
Superfund Sites - 2 - 2
Landfills - - 2 2
Hazardous Waste Facilities - 1 9 51 61
PetroChemical and Major Fipeline - . 1 104 105
Water Treatrment Plants - 3 2 8 13
Major Water Supply intakes 2 8 - 14 2 24
Water Well Fields - 8 - 17 44 69
Sewage Treatment Plants - 3 1 - - 4
Power Plants 7 2 - 4 3 16
Hospitals - 1 1 2
Group Homes - - - - - o
Schools - 8 - 6 128 142
Federal and State Bridges 26 8 8 70 112
Prisons - 2 - 2 4
Airports 3 8 1 ] 3 21
Fire & Police Departments 2 - - 23 25
Military Installations - 3 - - 3
Communications Facilities - 1 - - - -
Post Offices - 13 - -
|\TOTALS 47 86 15 127 371 632

(1) "-" indicates no impacted sites reported.

{2) This data set is based on available information, is not considered complete, and varies in quality
from one iocation to another {See Tables in Attachment 4 for more information).




An estimate developed for this assess-
ment is that more than 185,000 people were
directly affected, based on damage to homes and
property, by the Midwest Flood of 1993, St.
Louis and Rock Island District counties had the
most people affected.

An estimate of the number of communi-
ties flooded during the 1993 event was devel-
oped through a review of Corps of Engineers
post-flood reports and other sources such as
recipients of FEMA community infrastructure
disaster assistance, Over 430 communities are
estimated to have experienced flooding. Kansas
City District reported more communities affected
than any other District, with 229,

An estimate of the number of residential
structures damaged or at severe risk from the
1993 event exceeds 56,000. Almost 42 percent
of this estimate is for structures in the St. Louis
District area.

Each of these estimates should be con-
sidered as an indication of the extent and severi-
ty of the Midwest Flood of 1993, but not as
highly reliable, precise measurements. The
estimates were developed for the primary pur-
pose of having some guantitative information
with which comparisons could be made of the
change of impacts that could be expected if
various changes in floodplain management
policies, programs, or flood protection projects
were made.
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Findings

3-a) Floodplains provide opportunities for a
wide range of outputs that include both pri-
vate individual and societal benefits.

3-b) Land use differences between the two
river systems and between upper and lower
reaches are apparent. Agricultural uses
account for over 77 percent of the Missouri
River floodplain and 31 to 64 percent of the
Mississippi River floodplain, depending on the
reach. Wetland and Forest account for a
higher percentage of land use on the Missis-
sippi River (15 to 25 percent) than on the
Missouri River (10 percent).

3-c¢) Extreme floods rework alluvial deposits
on the floodplain, which is a disturbance
process that typically creates new habitats for
early successional biota. Shori-term adverse
impacts may occur, but the long-term effect is
generally beneficial.

3-d) A flood is the major way that exchanges
of nutrients, organic matter, and organisms
take place between the main channel and
lateral floodplain areas. Thus, even though
levees do prevent some environmental damag-
es, they also break the linkage of floodplain
ecosystem components,
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3-¢) The cxtreme 1993 flood inundated a
large percentage of the floodplain and demon-
strated how plants and animals, adapted to a
flooed-pulse (especially fish), respond positively
to floods.

3-f) Expenditures for the 1993 flood through
the National Flood Insurance Program and
the Federal Crop Insurance Corporation were
less than half of the disaster aid payments
made for human resources and agricultural
needs.

3-g) At least 50 percent of total 1993 flood
damages were agricultural.

3-h) Based on 1993 Federal Crop Insurance
Corporatien payments, at least 80 percent of
the agricultural damages region-wide were
caused by satwraied soil conditions, lack of
drainage, or other causes, not overbank flood-
ing, and most of this would not have been
affected by changes in floodplain management
policies or programs.

3-i) For the 120 counties adjacent to the
Upper Mississippi and Lower Missouri Rivers
and several of their major tributaries that
were the focus of this assessment, urban
damages substantially exceeded agricultural
losses. Overbank flooding and problems
associated with wurban drainage and-
stormwater runoff continue to occur in a
number of locations, as confirmed by the 1993
event.

3-j) Existing information and databases did
not allow a comprehensive inventory of criti-
cal facilities subject to flood risk to be devel-
oped, nor to estimate costs to satisfactorily
protect or relocate such facilities from flood-
ing. A substantial amount of work remains to
be accomplished to develop such information.




CHAPTER 4 - EVALUATION PROCESS

Introduction

As defined in the report, A Unified
National Program for Floodplain Management
1994, floodplain management is "a continuous
process of making decisions about whether and
how floodplain lands and waters are to be used."
It is broad in concept and inclusive as to the
range of approaches that can be taken. The
document identifies four strategies for managing
floodplains that are directed toward the objec-
tives of redycing risks both to human resources
and natural resources. These strategies are:

* Modify human susceptibility to flood
damage and disruption (i.e., avoid locations that
are vulnerable to flood risk, or prepare for and
accommodate the possibility of flooding);

* Modify the impact of flooding on individu-
als and the community (i.c., make flood insur-
ance available for locations vulnerable to flood-
ing or provide other kinds of assistance when
flooding occurs);

* Modify flooding (i.¢., construct projects to
retain, divert, or protect against floodwaters); and

* Preserve and restore the natural resources
and functions of floodplains.

An essential task in the conduct of this
Floodplain Management Assessment (FPMA)
was to evaluate a wide range of measures that
might respond to the damages and other impacts
to human and natural resources resulting from
the 1993 flood. The floodplain management
strategies identified above provide a context and
suggest some tools by which flood impacts to
humans might be reduced and floodplain re-
sources sustained in the future. The measures
need to include both: 1) policy and program
changes that have the potential to affect the use
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of floodplains and thus exposure to flooding, and
2) actions that affect hydrologic and hydraulic
conditions in the upper Mississippi and lower
Missouri River Basins (i.e., the flood flows and
stages). It was considered essentiai that a good
balance and mix of nonstructural "measures" and
structural "action alternatives” be evaluated,
because each is among the approaches to be
considered in developing more effective flood-
plain management strategies.

The BASE CONDITION against which the
evaluations were compared is the 1993 flood, the
1993 floodplain land use, and the damages and
other impacts that resulted from that event. The
evaluations were conducted analyzing:

1) Scenarios (changes in policies/programs -
generally "nonstructural" in character);
and

2) Action alternatives that affect hydrologic
and hydraulic conditions (generally
"structural” in character).

The cutcomes of the evaluations are de-
scribed as "impact assessments." They are based
on CHANGES in economic, environmental, and
social/flood risk related impacts that could occur
if measures comprising either a) the scenarios or
b) the action alternatives were implemented,
when compared to the 1993 flood base condi-
tion.

Two sample matrix tables (Tables 4-1 and 4-
2) were used as worksheets for structuring the
analysis. The first table displays the seven
defined POLICY or PROGRAM issue areas
within each SCENARIO (Columns C - I across
the top). The economic, environmental, reduc-
tion of risk, and implementation cost IMPACT
CATEGORIES are shown along the left edge of
the table (Rows 1 - 25). Columns A and B are
for display of the 1993 flood BASE CONDI-



TION impacts (the damages or other losses that
were actually incurred). Column A includes all
Federally declared disaster counties in the upper
Mississippi River Basin, approximately 475 in
number. Column B includes only those declared
disaster counties, approximately 120 in number,
that are adjacent to the main stem upper Missis-
sippi and lower Missouri Rivers or to a limited
number of reaches along several major tributary
rivers. Most of the impact assessments that were
completed are based on CHANGES (plus or
minus) in impacts when compared to the Column
B base conditions, although the Column A data
is also wseful for perspective on the extent of
damages from the 1993 event basin-wide,

Three scenarios were developed as the
means by which a wide range of "NONSTRUC-
TURAL" policy and program measures could be
evaluated. Each scenario has its own completed
summary impacts table presented at the conclu-
sion of Chapter 7. Scenarios and the individual
policy and program measures which comprise
them are discussed in more detail and listed in
Chapter 6.

The second sample table displays each AC-
TION ALTERNATIVE that is to be evaluated
across the top (Columns K - W), These are
actions that could affect the hydrology and
hydraulics of flooding. They are NOT a part of
the scenarios as described above. The same
impact categories are shown in the left edge of
the table (Rows 1 - 25). It is essential that the
scenario measures and the action altematives be
cxamined from the same frame of reference
provided by the impact categories. The same
base conditions (Columns A and B) are used to
provide an identical base line from which to
compare changes in impacts for the action
alternatives, the same process as described above
for the scenario measures.

The letters and numbers on the top and left
side of these sample tables have been used to
cross-reference "cell note" descriptions in Chap-
ter 3 of the Evaluation Appendix (Appendix B),
where the most detailed discussion of scenario

measures is presented. The intersections of
column letters and row numbers make up indi-
vidual "CELLS" in the tables. CELL C9, for
instance, should identify how the measures
examined under the National Flood Insurance
Program regulations for Scenarios 1, 2, or 3
could have changed (increased or decreased) the
amount of flood insurance payouts made after
the 1993 flood event. CELL N3, as anather
example, should identify how the establishment
of a uniform 25-year height for all agricultural
levees could have changed (increased or de-
creased) the crop losses that were experienced
when compared with the actual 1993 crop losses.

The evaluation framework, as represented by
the two sample matrix tables, proved to be very
useful in identifying a wide range of issues that
need to be examined when changes in the poli-
cy/program scenario measures or the action
alternatives are considered. The matrix tables
assisted in structuring a consistent analysis for
many floodplain management issues and in
focusing research and data collection to answer
specific questions,

As the evaluation proceeded, it became clear
that, for many individual cells, data was not
available or obtainable that would help establish
what specific changes in impacts could be ex-
pected if the various scenario measures or action
alternatives were to be implemented. In a
number of instances, however, the connections
between scenario measures or action alternatives
with changes in impacts of potentially greatest
significance were able to be better understood.

Clearly, a great deal more research and data
collection would be required to fully evaluate the
many important floodplain management issues
that arise from this evaluation framework. This
assessment represents only a start.

More details of the components of the
evaluation framework and process are provided
in the sections which follow,
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TABLE 4—1

EVALUATION TABLE — SCENARIO CATEGORIES
(FLOODPLAIN SCENARIC )

A B C D E F a H I J
~ [PaseCond  |BaseCond National State Local Relocation,| Disaster | Floodplain | Agrcultuml]] Signif
IMPACT {All Disaster [Floodpin Flood Ins.  |Fidpin Mgmt | Fidpin Mgmt| Miigation Relisf Wetland Support Findings
CATEQORIES Counties] Impacts] Program Regs.| & Zoning & Zoning Progams | Progmms | Restor Prog| Policles
[ECONOMIC 8000°0) T
Fiood Damagas
t Residential (Urban)
2 Other (Urban)
3 Agricultural
4 Other Rural

Chg.in_Govt.Expend.
Emergen.Resp.Costs
Disaster Relief (Agric.)
Disaster Relief (Human R.)
Flood Insurance (NFIP)
Flood Insurance (FCIC)

Chg.Value of FP Resources

10 Net Ag RE Values

11| Nest Urban RE Values

O~

ENVIRONMENTAL
Natur.Resour.(# acres)
12 Non-Forested Well, (acres)
13 Threat.&Endang. {(# / Occ.)
14| Forest (acres)
Naturel Fldpin.Functions
15{ Fidplninundated {acres)
Culturai
18| Arched Impacts (-5 to +5)
18A| Hist.Sites{—5 to +5)
Open Space
17| Public lands (acres)
18| Recreation sites (#)

REDUCT.OF RiSK

Critical Facilities

19 # Facil. w/harmiul releases
20 # other critical facilities
Prot./Avoid, of Harm

21 # people vulnerable

Social Well Being

22 # communities vulnerable
23 # resident.struct.vulnerable

IMPLEMENT. COSTS
24 Structural Costs
25 Other Costs

[1] Economic impacts collected only at the county level File:scenfea
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TABLE 4-2
EVALUATION TABLE — SUMMARY OF ACTION ALTERNATIVES

A B K L M N o] P Q R 8 T U v W
ACTION ALTERNATIVES AFFECTING HYDRALLIC CONDITIONS
Base CondBase Cond AGRICULTURAL LEVEES LURBAMN |CRITICAL FACILITIES UPLAND RETENTION/WATERSHED MEASURES
IMPACT {All Disast | [Floodpin | Limited | Remove | SetBack [UniformHt] Raise | LEVEES [[500-Yr} |[500-Yr.] | Without | Added | Revised [Runolf Red |Rundff Red
CATEGORIES Counties} | impacts] | Fld Fightin [Varied] | [25~YR.] [500- Yr] [Priority} {All] |Reservoirs | Reservoirs| Operation |[Decr. 5%)] [[Decr. 10%

ECONOMIC ($000's)

Flood Damages
Residential (Urban)
Other (Urban)
Agricuttural
Other Rural

| Chg. in Govt.Expend.
Emergen.Resp.Costs
Disaster Relief {Agric.)
Disaster Relief (Human R.)
Ficod Insurance {NFIF}
Flood Insurance {FCIC)

Chyg.Value of FP Resources

10 NetAg RE Values

1 Net Urban RE Values

H N =

D@~

ENVIRONMENTAL
Natur.Resour.(# acres)
12| Non-Forested Wetl. (acres)
13| Threat&Endang. (# / Occ.)
t4{ Forest {(acres)
Natural Fidpln.Functions
15| Fldpln.inundated {acres)
Cultural
18| Archeol Impacts (—5to +5)
18A] Hist.Sites(—5 to +5)
QOpen Space
17|__Public lands {acres)

18| Recreation sites {#)

REDUCT.OF RISK

Critical Facilitios

19| # Facil, w/harmiul releases
20| # other critical faciliies
Prot/Avoid. of Harm

21 # people vulnerabie

Social Well Being

22 # communities vulnerable
23 # resident.struct.vulnerable

IMPLEMENT, COSTS
24 Structural Costs
25 Other Costs

[1] Econemic impacts collected only at the county level File:Altersum




Impact Categories

The impact categories were applied in the
evaluation of all the alternatives being examined
in the FPMA. THEY SERVE AS TARGETS
TO FOCUS FLOODPLAIN RELATED DATA
COLLECTION AND THE MEASUREMENT
OR ESTIMATES OF POTENTIAL IMPACTS
that result from implementation of the alterna-
tives. For some impact categories such as
Natural Resources, land use is the indicator of
changes (impacts) in floodplain outputs. For
other impact categories such as Flood Disaster
Relief, dollars expended as a result of the 1993
flood event is the indicator of changes (impacts)
in the floodplain outputs,

The basis for estimating changes in impacts
is to compare, for each impact category, the
1993 land use (wetlands, open space, etc.) or
flood impacts (floodplain related damages,
losses, etc.) with what would have ecxist-
ed/occurred in 1993 if any given alternative
{Scenaric Measure or Action Alternative) had
been in place at the time of the flooding. It is
this estimate of incremental change in cach of
the impact categories that is the focus of the
analysis for each alternative.

The definitions of the impacts being used to
evaluate changes from one alternative to another,
when compared against the 1993 base condition,
are provided below.

ECONOMIC

Flopod Damages

1) URBAN RESIDENTIAL: The change in
estimated damages due to overbank flooding
(i.e., within the floodplain) to structures used for
housing and their contents, as measured in
dollars.

2) OTHER URBAN: The change in estimat-
ed damages to all other structures due to
overbank flooding, including commercial and
industrial, public facilities, transportation facili-
ties, and utilities, as measured in dollars.
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3) AGRICULTURAL: The change in esti-
mated damages to agricultural crops due to
overbank flooding, as measured in doflars.

4) OTHER RURAL: The change in estimat-
ed damages to farm and other rural buildings and
land losses, as measured in dollars.

Change in Government Expenditures

5) EMERGENCY RESPONSE COSTS: The
change in estimated costs at all levels of govern-
ment in preparing for and responding to an

- extreme flood event (e.g., the 1993 event) as it

occurs, as measured in dollars.

6) DISASTER RELIEF (Agricultural): The
change in estimated costs at all levels of govern-
ment (and private relief agencies) in providing
aid for agricultural losses after an extreme flood
event, as measured in dollars.

7) DISASTER RELIEF (Human Relations):
The change in estimated costs at all levels of
government (and the private relief agencies) in
providing aid to individuals, businesses, and
communities for recovery after an extreme flood
event, as measured in dollars.

8) FLOOD INSURANCE (NATIONAL
FLOOD INSURANCE PROGRAM (NFIP)):
The change in estimated costs of the Federal
Government in making whole the flood insur-
ance funds in cases where the claims paid ex-
ceed the premiums received from policyholders,
as measured in dollars. For this assessment,
total NFIP payouts were used as the 1993 flood
base condition; the "net increase” cost to the
Government for sustaining the fund was not
identified.

9) FLOOD INSURANCE (FEDERAL CROP
INSURANCE CORPORATION (FCIC)): The
change in estimated costs of the Federal Govern-
ment in making whole the crop insurance funds
in cases where the claims paid exceed the premi-
ums received from policyholders, as measured in
dollars. For this assessment, total FCIC payouts
were used as the 1993 flood base condition; the




“net increase” cost to the Government for sus-
taining the fund was not identified.

Change in Value of Floodplain Resources

10)NET AGRICULTURAL REAL ESTATE
VALUES: The net change in the values of real
estate used for agriculture, as measured in dol-
lars.

11) NET URBAN REAL ESTATE VAL-
UES: The change in values of urban real estate
resulting from alternative use of undeveloped
urban floodplains, as measured in dollars.

ENVIRONMENTAL

Floods in modified floodplain-river systems
can have negative effects on the environment
because of changes in amplitude or timing.
However, floods are the major driving variable
that allows exchanges of nutrients, organic
matter, and organisms between floodplains and
rivers; floods, consequently, do not typically
have negative impacts on thée natural environ-
ment. Although there are many known functions
and values of floodplains that would be extreme-
ly valuable to measure and evaluate quantitative-
ly, many of these would require detailed invento-
ry and in some¢ cases basic research that is
beyond the scope of this assessment. To reduce
the number of potential environmental variables
to a reasonable but representative set, the FPMA
considered land use as the main base condition
and impact variable. Four general areas of
environmental variables were used to assess the
impacts of structural and nonstructural floodplain
management activities relative to the 1993 flood:
natural resources, cultural resources, natural
floodplain functions, and open space.

Natural Resources

12) NON-FORESTED WETLANDS: Acres
of non-forested wetlands in the floodplain in-
cluding emergent and shrub/scrub wetlands
(determined from National Wetlands Inventory
data or as classified from Landsat imagery).
Forested wetlands are captured in the "forest"
category.
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13) THREATENED AND ENDANGERED
SPECIES: The number of species and the
number of occurrences including both Federal
and State listings. Occurrence is defined in
accordance with the State Natural Heritage
databascs.

14) FOREST: Acreage of riparian and
upland forest lands within each study reach.
Forested wetland and upland forest were com-
bined because the databases used to provide this
information did not consistently differentiate
between these forest types.

Natural Floodplain Functions

As discussed in Chapter 3, natural
floodplains provide a wide variety of functions
and related outputs. Many of these functions are
not easily quantifiable, especially at the scale
and detail under consideration by the FPMA.
They are also not fully taken into account simply
by considering acres of “natural" resources,
because the hydroperiod of the floodplain, which
includes its duration, intensity, and timing, is the
ultimate determinant of the river-floodplain
ecosystems structure and function. Wetland
areas located behind levees, for example, are
disconnected from the flood pulse and the lateral
linkage between floodplain and river. However,
wetlands landward of a levee can receive water
from other sources, such as bluff toe seeps,
highwater table, or overland drainage. In some
cases, old oxbow lakes, in fact, are believed to
be best left disconnected because of negative
impacts of sediment deposition and increases in
turbidity. To take into account the areas that
may be affected by changes in the flood pulse,
the total acres of inundated floodplain were
determined to provide an index to the amount of
"connection” between the floodplain and the
river. It is assumed that the greater the amount
of floodplain inundated, the more likely that
natural processes are taking place (e.g., organic
matter import/export, fish spawning in backwat-
ers, natural sediment transport, etc.).

15) FLOODPLAIN INUNDATED: The
change in the acreage of the toial floodplain
subject to overbank flooding.



Cultural Resources

These categories include impacis on archeo-
logical and historic sites, including those listed
on the National Register of Historic Places and
those not listed. Because a systemic database of
known historic and archeological sites was not
available, the base condition and changes from
the base were measured as an index on a scale
of -5 to +5. Three categories of effects on
cultural resources were measured: 1) the effect
of the 1993 flood; 2) the effect if various pro-
grams, policies, and action alternatives had been
in place at the time of the 1993 flood; and 3) the
effect of implementation. In the Cultural Re-
sources Impact Matrix Cells, the first number
represents the change from the base condition of
a similar magnitude flood following implementa-
tion of the policy or alternative, and the second
number (in parentheses) reflects implementation
effects.

16) ARCHEOLOGICAL IMPACTS: The
degree and nature of the potential impacts will
be described rated on a scale of -5 to +3.

16A) HISTORICAL SITES: The degree and
nature of the potential impacts will be described
rated on a scale of -5 to +5.

Open Space

17) PUBLIC LANDS: Public land included
under the category of "Open Space" includes
wildlife management areas, wildlife refuges,
natural areas, State and national forests and the
like, The base area presented includes the entire
unit, even if only a portion of the unit falls
within the study boundary.

18) RECREATION SITES: The number of
sites designated primarily for recreational use.
This includes the number of Federal, State, and
local parks, and public use areas. State and
national forests have been included because they
provide significant recreational opportunities.
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REDUCTION OF RISK

Critical Facilities

19) NUMBER OF FACILITIES WITH
HAZARDOUS MATERIALS AT RISK: The
change in the number of facilities dealing with
hazardous or toxic materials that could imme-
diately harm people or the environment if ex-
posed to flooding. These [facilities or sites
include:

1. Superfund sites

i. Landfills

ili. Hazardous waste facilities

iv. Petrochemical plants and major pipelines

20) NUMBER OF OTHER CRITICAL
FACILITIES AT RISK: The change in the
number of other facilities providing essential
public services that are potentially exposed to
flooding. These facilities and sites include:

i. Sewage trcatment plants

ii. Power plants

iii. Water treatment plants, water well ficlds,
and major water supply intakes

iv. Municipal and industrial NPDES (Na-
tional Pollutant Discharge Elimination
System) sites

v. Major power utility substations

vi. Communications equipment and related
antennas {television, radio, and telephone
services)

vii. Hospitals and group homes for mobility
impaired

viii. Public service buildings (i.e., schools,
post offices, police stations, and fire
departments)

ix. Prisons

X. Major airports

xi. State or Federal bridges

xii. Military bases

Protection of or Avoidance of Harm_to People

21) NUMBER OF PEOPLE AT RISK: The
change in the estimated number of people who



are vulnerable to flooding in the upper Mississip-
pi and lower Missouri River Basins.

Social Well-Being

22) NUMBER OF COMMUNITIES AT
RISK: The change in the estimated number of
communities that are vulnerable to flooding in
the upper Mississippi River and lower Missouri
River Basins.

23) NUMBER OF RESIDENTIAL STRUC-
TURES AT RISK: The change in the estimated
number of residential structures that are vulnera-
ble to flooding in the upper Mississippi River
and lower Missouri River Basins.

IMPLEMENTATION COSTS

24) STRUCTURAL COSTS: Estimate of
costs directly related to the construction of the
flood control feature, including real estate for the
structure itself, but not other real estate costs.

25) OTHER COSTS: Estimates of costs to
implement the alternatives, not including the
structural costs, such as acquiring interests in
real estate affected or agency administrative
costs.

Floodplain Policy and Program Changes
{Scenarios)

Scenario measures (policy and program
changes) are in many cases quite difficult to
evaluate. They require judgments to be made
concerning the behavioral responses that might
be linked to changes in such programs as flood
insurance, zoning practices, disaster relief and
flood hazard mitigation, or agricultural incen-
tives. Databases are not often available at a
level of detail that would be needed to make
estimates of possible changes in impacts with a
high degree of confidence. In some cases, the
right research questions remain to be asked
before reasonable answers can be obtained.
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Although several concepts for projecting
changed conditions, either from the past to the
present or from the present into the future, were
discussed, the approach that was applied in-
volves estimating the environmental, economic,
and social impacts that could have resulted had
the revisions 1o the policies and programs been
in effect at the time of the 1993 flood. This
provides some degree of familiarity, given the
widespread firsthand experience with the 1993
flood. 1t also maintains consistency with the
hydraulic modeling rationale, which is based on
a UNET model calibrated to the 1993 flood and
provides the means by which the impact assess-
ments of the action alternatives were completed.

Combining a number of these policy and
program changes into a package of measures
constitutes a "SCENARIOQO." Scenarios serve
several purposes. They offer contrasting visions,
showing where allernative floodplain manage-
ment philosophies could lead. Policy/program
measures considered in this assessment range
from relatively modest changes to the status quo
to substantially greater efforts to enhance the
natural resource atiributes of floodplains while
emphasizing avoidance of flood risks. Three
scenario "packages” were devised in an attempt
to lend some coherence to a series of policy and
program proposals that in tandem could result in
significant changes to the status quo.

Each of the three scenarios contains at least
one measure from each of the seven policy and
program categories. The scenarios are LIMITED
in several ways, however, which are important to
understand. The scenarios DO NOT comprise a
uniform series of measures from one scenario to
another.  Therefore, it is inappropriate to at-
tempt to compare scenario impacts one to anoth-
er. A scenario is merely the label or shell under
which individual measures in the seven policy
and program categorics have been placed. It is
much more important to examine the impacts of
the individual measures which comprise the
scenarios.



Scenarios DO NOT contain the action alter-
natives. Action altematives are ¢valuated sepa-
rately based on use of the systemic UNET
model.

An unlimited number of scenarios could be
devised based on the countless combinations of
45 measures that have been identified for consid-
cration, as discussed in Chapter 6. Scenarios do
not constitute implementable plans, nor has an
attempt been made to "optimize" or otherwise
develop one "best” scenario. Neither has analy-
sis of the synergistic effects of combining mea-
sures within a scenario, or across scenarios, been
accomplished. The evaluation framework en-
courages further thought and research along
these lines, perhaps, but taking this step went
beyond what could be accomplished by this
assessment.

A substantial amount of work has been com-
pleted in reviewing individual measures within
the seven policy and program categories which
comprise the scenarios. Chapter 7 of this repotrt
and Chapter 3 of the Evaluation Appendix
(Appendix B) present the research and analysis
related to these measures. The outcome of these
evaluations, and findings which have been
developed, are based on impact assessments of
the measures and the policy/program categories
themselves, and are NOT closcly related to any
of the scenarios.

Action Alternatives Affecting Hydrologic and
Hydraulic Conditions

For actions such as changes in levee con-
figurations, reservoir operations, and other
watershed retention and management measures,
hydranlic modeling has been completed, using
the 1993 event, to develop and compare a range
of water flow and stage conditions in the rivers.
These conditions were analyzed for potential
environmental, economic, and social impacts.
For a limited number of actions, systemic UNET
modeling of the entire river network was accom-
plished. These include agricultural levee remov-
al; setbacks; uniform 25-year height; raises to
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contain the 1993 flood; no reservoeirs; and 5§ and
10 percent runoff reductions. For other actions,
modeling was completed to allow analysis of
potential impacts for specified reaches ("impact
reaches") of the rivers. Modeling the 1993 event

~was defined by the actual levee height, including

flood fight efforts and levee breaches.

The 1993 flood event varied in likelihood of
recurrence along the lower Missouri and upper
Mississippi Rivers. Using the 1993 flood event
allowed assessment of both large and small
events within the study area. It is expected that
the hydraulics and hydrelogy models developed
as a part of this effort will be useful in other
applications for future analysis.

Application of the UNET model in analyzing
the hydrology and hydraulics of the action
alternatives is discussed in Chapter 8 and in
Appendix A. Impact assessments of the action
alternatives are presented in Chapter 9.

Summary of Evaluation Process

The above description of the evaluation
framework can be summarized in stating that
three primary components are being used to
quantify, where possible, the relative impacts of
a wide array of alternative floodplain manage-
ment philosophies and flood control measures.
The three components are policy and program
scenario measures; action alternatives; and
assessment of impacts.

Impacts are being evaluated assuming: 1)
changes in the policy and program measures
comprising the three scenarios had been in place
at the time of the 1993 flood; and 2) separately
assuming various action alternatives (such as ail
agricultural levees removed) had been in place at
the time of the 1993 flood. Initially, it was
thought that packaging policy and program
measures together would enable the FPMA team
to consider combinations of hydraulic related
actions and floodplain policy related changes.
This assessment developed an evaluation frame-
work that should assist in making such an evalu-



ation process possible, However, it did not take
the analysis to the point of comparing combina-
tions of multiple action alternatives or combined
action altematives with changes in policy and
program measures.

An essential point highlighted by the evalua-
tion framework and process is that responding to
floodplain management issues nceds to include
consideration of SYSTEMIC as well as localized
cffects, whether through policy and program
changes or by actions affecting hydrologic and
hydraulic characteristics within the upper Missis-
sippi/lower Missouri River Basins.
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CHAPTER 5 - ESTABLISHING BASE CONDITIONS FOR EVALUATION

Introduction

This chapter presents the 1993 flood base
condition information and data, for each of the
five Corps District offices, that have been devel-
oped and used as part of the evaluation process
completed for this assessment. This data has
been summarized for the impact and resource
categorigs established in the evaluation frame-
work matrix table via "cell” entrics shown in
Columns A and B. Column A covers all Federal-
ly declared disaster counties within the upper
Mississippi and lower Missouri River Basins.
Column B covers the roughly 120 counties that
are adjacent to the main stem rivers and several
of their major tributaries. The base condition
values for Columns A and B for the five-District
basin area are shown in Table 5-1.

Summary tables showing base conditions and
action alternative impacts for each of the five
Districts are located at the end of Chapter 9.
They follow the analyses of the action alterna-
tives that are presented in that chapter.

Highlights of existing floodplain resources
and base condition impacts from the regional
perspective were introduced in Chapter 3 of this
report. This chapter will present in more detail
the significant impacts from each District for the
1993 flood that were important in establishing a
base condition for this assessment.

Aside from flood damages experienced by
transportation facilities, this assessment did not
examine the disruption losses experienced by the
barge industry or other transportation modes.
Locks on the upper Mississippi River from Lock
and Dam 3 to Lock and Dam 27 all were closed
at some point during the summer flood event.
Lock and Dam 24 was closed for 55 consecutive
days from June 29 to August 22. Summaries of
the flood cvent as it pertains to navigation are
included in the Corps of Engineers Main Report
of The Great Flood of 1993 Post Flood Report,

and in the Economic Damage Data Collection
Report prepared by the Lower Mississippi Valley
Division (LMVD). The Galloway Report cited
Maritime Administration estimates of revenue
losses at $300 million per month durning the
period of lock closures.

Omasaha District Base Conditions

Omaha District includes 112 counties in the
six States of North Dakota, South Dakota, Ne-
braska, Minnesota, lowa, and Missouri, that were
presidentially-declared flood disaster counties in
1993. These countics make up the overall base
for evaluating flood impacts.

The Missouri River basin contains numerous
rescrvoirs and impoundments constructed by
different interests for flood control, irrigation,
power production, recreation, and water supply.
The most significant of these structures have
been constructed by the Corps of Engineers and
the Bureau of Reclamation. Although construct-
ed primarily for irrigation and power production,
the projects constructed by the Bureau provide
some limited flood control in the upper basin.
The most significant flood control projects
constructed within the basin are the six main
stem Missouri River dams constructed by the
Corps. The six dams, completed by 1964,
provide flood protection by controlling runoff
from the uppermost 279,000 square miles of the
Missouri River Basin. The system has a total
combined capacity in excess of 73 million acre-
feet, of which more than 16 million acre-feet is
for flood control. Gavins Point Dam, located
near Yankton, South Dakota, is the most down-
stream of the projects.

For the purposes of the Floodplain Manage-
ment Assessment (FPMA), modeling efforts were
confined to the reach from Gavins Point Dam to
Rulo, Nebraska, within the Omaha Distnict.  Of
the 25 counties contingent to the Missouri River
below the Gavins Point Dam and above the
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Table 5—-1. Base Conditions for FPMA study area.

A B C D E F G H 1 J
Base Cond. Base Cond, Natonal State Local | Reloccation] Disaster | Floodphlin| Agricultwral  Signif.
IMPACT {All Disast. [FPMA Imp. Floodins. [Fldpin Mg Fidpin. Mg| Mitigation Retief Wetland | Support | Findings
CATEGORIES Counties] Counties] Program Regs| &Zoning | & Zoning | Progams| Programs| Restor.Prod Policies

ECONOMIC (5000's)

Flood Damages

Residentia! (Urban) $760,592 $662,008
Other (Urban) $1,612,543 $1,447,322
Agricultural $3.852 701 $817,054
Cther Bural

Chg. in_Govt.Expend.

Emergen.Resp.Costs $227,405 $200,663
Disaster Relief (Agric.) $1,160,632 $285,180
Disaster Relief {(Human R.) $1,297,474 $551,862
Flood Insurance (NFIP} $371,969 $276,496
Flood Insuran ¢e {FCIC) $748,095 $269,061

Chg.Vdue of FP Resources

Net Ag RE Values

Net Urban RE Values

ENVIRONMENTAL

Natur,Resour.(# acres)

Non —Forested Wetl. {acres)

365,285

Threat.&Endang. (#/ Occ.)

(28111,043)

Forest {acres)

Natural FAdpin.Functions

Fldpln.inundated {acres)

Cultural

Archeol Impacts {(-5to +5

Hist.Sites(—=5to_+5)

Qpen Space

Public lands (acres)

392 512

Recreation sites (#)

485

REDUCT.OF RISK

Critical Facilities

# Facl. wharmful releases

# other c¢ritica faclities

Prot.fAveid. of Harm

# people vulnerable

Socia Well Being

# communities winerable

# rosident.struct.vulnerabie

IMPLEMENT, COSTS

Structurd Costs

Other Costs

[1] Economic impacts collectad only at the county level



Omaha District boundary near Rulo, 19 were
among the 1993 presidentially-declared flood
disaster counties. These 19 countics are the
Omaha District "impact counties." The base
impacts to these counties make up the baseline
against which hydraulic and hydrologic altema-
tives have been modeled. For purposes of this
analysis, county-wide impact information for
Holt County, Missouri, and Richardson County,
Nebraska, has been allocated between Omaha
and Kansas City Districts, with Omaha claiming
81 percent of Richardson County and 24 percent
of Holt County. All other county impacts are
addressed as county totals.

Missouri River Levee System - Omaha District

The Missouri River levee system was autho-
rized by the Flood Control Acts of 1941 and
1944 1o provide protection to agricultural lands
and communities along the Missouri River from
Sioux City, Iowa, to the mouth at St. Louis,
Missouri. The levees were designed to operate
in accord with the six main stem dams. The
extent of the levee system within the Omaha
District consists of intermittent levee units on
both banks from near Omaha, Nebraska, to Rulo,
Nebraska. There are no Federal levees from
Gavins Point Dam to the Omaha, Nebraska-
Council Bluffs, Iowa, area. Although many
Federal levees were proposed on the reach north
of Omaha, Nebraska, along the Missouri River,
none have been built due to the significant
protection provided to this reach by the Missoun
River main stem dams. Degradation of the
channel bottom, over time, has further reduced
the necessity for levees in this reach. The
majority of the area planned for protection by
Federal levees, north of Omaha, Nebraska, is
protected by private or non-Federal levees with
varying degrees of protection.

The Federal levee system starts in Douglas
County, Nebraska, protecting Omaha, and in
Pottawattamie County, lowa, protecting Council
Bluffs. These urban levees were not threatened
by the 1993 floods. Levees were constructed
downstream of Omaha to Rulo, Nebraska, which
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protect agriculture and several very small towns,
All of the levee units on the Missouri River were
designed to operate in conjunction with the six
main stem dams to reduce flood damages as part
of the Pick-Sloan plan. Federal levees were
constructed in the 1950's and are usually set
back from the riverbank 500 to 1,500 feet.
Federal levees cover the left bank from river
mile (RM) 515.2 to RM 619.7. Levees on the
right bank are intermittent since the river is often
near the bluff. Total Federal levee length is
estimated at 191 miles in the reach from Omaha,
Nebraska (RM 615.9) to Rulo, Nebraska (RM
498.1). The 191 levee miles may be subdivided
as 133.5 miles along the main stem Missouri
River and 57.5 miles of levee tiebacks.

Following levee construction and chute clo-
sure, deposited sediment filled many areas
riverward of the Federal levees. Farming of
these areas became extensive. To prevent crop
damages caused by normal high flows on the
Missouri River, farmers constructed secondary
levees at or near the niverbank. Many of the
secondary private levecs tie directly into the
Federal levees. Private levees have also been
constructed along the riverbank in areas where
Federal levees were not constructed. The left
bank reach from RM 515.5 to RM 498.1 near
Rulo, Nebraska, is protected solely by private
levees.

Overall, the federally constructed levees
performed very well in the 1993 flooding. As a
result of the extremely high flows, all Federal
levees from unit L-575 downstream to unit R-
520 experienced some overtopping cither on the
main stem or a tieback levee. Qvertopping was
generally over a short levee section with limited
depth and duration. The design event of most
Missouri River Federal levees was significanily
exceeded during 1993. Within the Cmaha to
Rulo reach, a single Missouri River Federal
agricultural levee, unit L-550, breached during
the 1993 ¢vent.




Since construction of Federal flood control
projects along the Missouri River, significant
change has occurred in channel conveyance as a
result of aggradation and degradation. Numer-
ous studies have been conducted by the Omaha
District to quantify Missourt River geometry
changes. Results of these studies have deter-
mined a general upward shift of the stage-dis-
charge relationship. For the period 1952 to 1989
and using a discharge of 100,000 cubic feet per
second, the Missouri_River Channel Capacity
Study, August 1992, determined a stage rise of
2 feet at Omaha, Nebraska, a 3-foot rise at
Nebraska City, Nebraska, and a 3-foot rise at
Rule, Nebraska. Comparison of rating curves
illustrates a general upward rise at all discharges
during the past 30 to 40 years.

The 1984 Missouri River flood event
prompted a study to evaluate the adequacy of the
Missouri River levee system from Omaha,
Nebraska, to Rulo, Nebraska. The study investi-
gated both the discharge-frequency and stage-
discharge relationships on the Missouri River.
Study results determined that the existing level
of protection is much less than originally de-
signed. With 2 feet of freeboard, several Federal
levees now provide less than a 50-year level of
protection. The present level of protection
provided by these levees is unknown.

In spring 1995, Omaha District surveyed
floodplain cross sections on both the left and
right banks at three separate locations. Cross
sections were surveyed along the alignment of
cross sections which had been previously sur-
veyed in the 1970's. The purpose of the survey
was to compare elevations in the current condi-
tion with the previous condition. Comparison
showed a general aggradational trend in the
floodplain which varied from 1 to 3 feet. Al-
though no computations were performed to
quantify the effect on flow, the comparison
indicates that further rises in the stage-discharge
rating curve have occurred in the past 20 years.

Critical Facility Investigation

Accurately defining the level of protection of
any critical facility along the Missouri River
would require a detailed risk assessment employ-
ing hydrologic, geotechnical, and other compo-
nents, An evaluation of this extent was not
conducted for any critical facility site within the
Omaha District. A brief investigation was
conducted of the current level of protection and
access concerning the Cooper Nuclear power
plant. The Cooper Nuclear power plant is
located on the right bank of the Missouri River
at approximately RM 532.4 which is 2.8 river
miles downstream of the Brownville bridge. On
the weekend of July 24, 1993, a record crest of
the Missouri River overtopped a levee 2.5 miles
north of the U.S. Highway 136 Brownville
bridge. Access to the area was limited, as many
local roads, State highways, and Interstate 29 all
were closed for periods of several days.

Federal levee unit R-548 is located on the
right bank of the Missouri River between RM
528 and RM 534 and protects the Cooper Nucle-
ar power plant arca. The upstream tieback
extends to high ground south of Brownville and
the downstream tieback extends up the Little
Nemaha River and minor tributaries. In 1984,
peak stages were within 3 to 4 feet of the levee
top. In July 1993, overtopping occurred along
the tieback levees. The technical summary
report Adequacy of Missouri Levee System,
prepared by Omaha District Engineering Divi-
sion, April 1986, identified the level of protec-
tion for the R-348 levee unit as 20- to 30-year
protection with 2 feet of freeboard. Several
other Federal levees between Omaha and Rulo
also have less than a 100-year level of protec-
tion, which may have an impact on critical
facilities in these areas.

The base facility e¢levation at the Cooper
Nuclear power plant is 903.5. This elevation is
approximately 1 foot above the adjacent Federal
levee and 2.5 feet above the peak stage for the
1993 event. Peak stage was reduced at the
Cooper Nuclear site as a result of the L-550



levee breach which occurred on the opposite
bank of the Missouri River approximately 4
miles upstream. Flood frequency for the 1993
event at the Cooper Nuclear site was estimated
as a 50- to 100-year event.

The 1993 event gencrated several concemns
with regard to Cooper Nuclear power plant
safety. Access to the plant during floods is a
function of the R-548 levee unit integrity. The
1993 event demonstrated that access to the
Cooper Nuclear site is not possible during major
flood events, as much of the interior R-548 levee
area had ponding which inundated access roads.
If levee failure occurs, ponding depths within the
R-548 levee unit are determined by river stage
and levee breaching parameters. Effects such as
levee breaching at an upstream location and
wind/wave run-up could cause additional increas-
es in ponding clevations. The 1993 event and
the levee adequacy study conducted by Omaha
District both demonstrated that the R-548 levee
provides less than a 100-year level of protection.
The 1993 cvent indicates that further investiga-
tion of protection provided by Federal levees and
their tichacks to critical facilities and especially
to the Cooper Nuclear power plant below
Brownville, Nebraska, 1s warranted.

Omaha District Evaluation Methodology

In all cases, unless noted, economic impacts
are based on county totals. Environmental
impacts are for resources within the floodplain
only. Baseline economic damages are based
largely on the Corps of Engincers Post Flood
Data Collection database.

Plate 5-1 shows the overbank flooding area
taken from aerial photographs. The brown arca
is the main channel and areas where the levees
failed. The yellow areas arc where there was
ponding behind the levees as well as overtopping
but nonfailure. The tan areas are where the
levees did not overtop but there was still consid-
erable crop damage due to interior ponding.
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The residential, commercial, industrial, and
institutional structure damages for the overbank
flooding for the base and for each altemative
were obtained from existing land use data,
UNET modeled stages, existing OQmaha stage
damage curves for activity types, and the Omaha
District Damage Model. Agricultural damages
and changes in number of critical facilities
impacted from the overbank were obtained using
UNET generated flood area boundaries and
Geographic Information System (GIS) generated
Missouri River Basin Atlas land use. An exam-
ple of the level of detail available from the
Missouri River Basin Atlas is shown on plate 5-
2. The acreage totals for the listed types of land
use for the overbank and interior ponding area
and percentages of total are listed in table 5-2.

The numbers should be used as order of
magnitude numbers for comparisons. The true
agricultural loss, for example, could not be
defined precisely without a more encompassing
analysis of production investment and returns by
area and of pricing and subsidy data.

Omaha District Baseline Economic Impacts

For the base of 112 counties, over $654
million in damages was estimated for agricuiture
and other rural. This makes up over 75 percent
of the damages for Omaha District based on
extrapolated data. There was nearly $502 mil-
lion in disaster relief for agriculture from the
Agricultural Stabilization and Conservation
Service (ASCS) and the Farmers Home Adminis-
tration (FmHA) and from Federal Crop Insurance
Corporation (FCIC) crop insurance payouts.
There are additional agriculture costs that were
not tabulated. An example is any loss in land
value due to increased perception that land is
vulnerable to flooding.

It is estimated that over 12,500 people, 4,320
residences, and 12 communities experienced
flooding. The estimates in these categories are
probably quite low.
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Table 5-2

Land Use Flooded by Overbank and Interior Ponding in 1993
Missouri River, Omaha to Rulo

Land Use Category Acres Percent
11.1 Residential Single Family 848 0.0
11.2 Residential Mobile Home 0.0
11.3 Residential Multi-family - 0.0
12 Commercial 85 0.0
12.5 Mixed Commercial and Industrial - 0.0
13 Industrial 62 0.0
13.1 Agricultural Storage 33 0.0
14.1 Airports 58 0.0
14.2 River Terminals 26 0.0
14,3 Land~based Terminals 14 0.0
14.4 Interstate Highways 532 0.2
14.5 Railroads 0.0
15.1 Power Plants g 76 6.0
15.2 Water Supply 14 0.0
16 Wastewater Treatment 118 0.0
17 Solid Waste Disposal i 0.0
18 Institutional 25 0.0
19 Parks and Recreation 232 0.1
21 Cropland . 233,933 83.3
21.1 Center Pivot Irrigated Cropland 7,771 2.8
22 Specialty Crops 0.0
23 Confined Feeding Operations 81 0.0
24 Grassland/Hayland/Pasture 4,860 1.7
31.1 Over 75% Crown Cover Woodland 11,505 4.1
31.2 25% to 74% Crown Cover 1,469 0.5
31.3 Recently Cleared 1,178 0.4
32 Shrubland 167 0.1
41 Missouri River Main Channel 8,960 3.2
41,1 Mud Flats - 0.0
42 Mo. R. Side Channels & Backwater 319 0.1
42.1 Mud Flats - 0.0
43 Tributaries 372 0.1
44 Intermittent Streams 11 0.0
45 Lakes 1,420 0.5
45,1 Mud Flats 0.0
46 Ponds 941 0.3
46,1 Mud Flats 10 0.0
51 Sandbars 84 0.0
52 Emergent 2,592 0.9
53 shrub/Forest 3,041 1.1
53,5 Mixed Vegetative Wetlands - 0.0
61 Mines, Quarries, Gravel Pits, Etc 61 0.0
€2 Sand Dunes 10 0.0
63 Other 46 0.0

TOTAL 280,980 106.0
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There was over $65 million in residential dam-
age and another $124 million in other urban and
infrastructure damage. Emergency costs, human
resource related disaster assistance, and National
Flood Insurance Program (NFIP) flood insurance
payouts totaled over $305 million.

The 19 impact counties suffered over $125
million in damages estimated for agriculture and
other rural. This makes up about 60 percent of
the damages for these counties based on extrapo-
lated data. There was nearly $94 million in
disaster relief for agriculture from the ASCS and
FmHA and from FCIC crop insurance payouts.

It is estimated that over 1,647 people, 553
residences, and 8 communities experienced
flooding. There was over $24 million in resi-
dential damage and another $62 million in other
uwrban and infrastructure damage. Emergency
costs, human resource related disaster assistance,
and NFIP flood insurance payouts totaled over
$75 million.

Included in the base conditions was damage
due to interior ponding, most tributary flooding,
and agricultural damage due to excess precipita-
tion, Figure 5-3 shows all the countics in lowa
and Missouri on the left bank that were presiden-
tially declared disaster counties in 1993 and the
proportion of FCIC payout caused by flooding
compared to that caused by excess precipitation.
Generally, because of the mainsiem dams, all
agricultural damage above Omaha was caused by
excess precipitation or flooding on tributaries.

Omaha District Baseline Environmental Resourc-
es

Environmental base conditions in the Omaha
District study area (Gavins Point Dam to Rulo,
Nebraska) at the time of the 1993 flood arc
taken from the Environmental Resource Invento-
ry (Appendix C). The following is a description
of some of the significant and unique environ-
mental resources.

The study area contains approximately 317
lakes and ponds, a majority of which are oxbow
or cutoff lakes which offer significant habitat for
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migrating waterfowl, passerines, raptors, and shore-
birds as well as important spawning, nursery, and
feeding areas for fish if there is pertodic access to the
river.  These lakes include: McCook Lake (RM
740), Crystal Lake (RM 735), Browns Lake (RM
717}, Badger Lake (RM 703), Blue Lake (RM 693),
Round Lake (RM 664), DeSoto Lake (RM 643), Lake
Manawa (RM 607), Folosom Lake (known bald cagle
nesting site) (RM 597), Fommeys Lake (RM 577),
Greys Lake (RM 545), and Big Lake (RM 500).

Public land in the Omaha District is scarce
compared to other Mississippi River Basin Districts;
therefore, all public land in the Omaha District is
considered significant. Projects like Missouri River
Mitigation and the Missouri River Corridor Study -
concentrate on land acquisition to restore riparian and
stream habitat lost as a result of the Missouni River
Bank Stabilization and Navigation Project.

Both the mitigation and the corridor study target
areas with the greatest potential for habitat restora-
tion. The comridor project emphasizes recreational
opportunities, while the mitigation project emphasizes
fish and wildlife management. A list of recommend-
ed restoration sites includes: QOmadi Bend, Glovers
Point, Blackbird State Wayside Arca, Lower Bullard
Bend, California Bend, Boyer Chute, Hidden Lake,
Missouri River Trails, Louisville Bend, Winnebago
Bend, Langdon Bend; Blackbird, Decatur, and
Tievilie Bend; Soldier Bend, and Tobacco Island. All
of these sites involve reconnection to the main
channel either as seccondary channels or backwaters.

The Missouri River National Recreation Area,
Nebraska is located in Thurston County, Nebraska,
and includes the only unaltered reach of the Missouni
River in the Omaha District below Gavins Point Dam.
The area also has numerous access areas to the river
for camping, canoeing, and fishing. High concen-
trations of bald eagles are attracted to the area be-
cause of the vear-round open water below Gaving
Point Dam which provides ample feeding opportuni-
ties. Pallid sturgeon, interior least terns, and piping
plovers, all Federally listed threatened/endangered
species, also take advantage of this unchannelized
portion of the river.
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Boyer Chute National Wildlife Refuge,
DeSoto Bend National Wildlife Refuge, and
Squaw Creek National Wildlife Refuge constitute
the Federally managed arcas. Boyer Chute,
located in Washington County, Nebraska, is
presently under development. The area includes
a restored secondary channel and a diversity of
wetland and riparian habitats. There will also be
numerous recreational opportunities such as river
access, fishing, and hiking.

DeSoto Bend National Wildlife Refuge
(7,823 acres) is located in both Nebraska and
lowa. The refuge has many natural features,
including a scenic overlook, Bullhead Pond,
Cottonwood Trail, Wood Duck Pond, Prairic
Land, and a 760-acre oxbow lake. DeSoto is
visited each spring and fall by multitudes of
migrating waterfowl and bald cagles as well as
human spectators.

Squaw Creck National Wildlife Refuge
(6,900 acres), located in Holt County, Missouri,
was established in 1935 and provides habitat for
a variety of riparian vegetation and wildlife.
The area contains four large lakes which are
surrounded by marshlands and provides fishing,
hunting, observation towers, and foot trails. This
site is also visited by migrating waterfowl and
bald eagles each spring and fall.

Kansas City District Base Conditions

The Kansas City District covers the lower
Missouri River Basin drainage area from Rulo,
Nebraska, at RM 498.1 to St. Charles County,
Missouri, on the left bank and St. Louis County,
Missouri, boundary on the right bank. Portions
of Missouri, lowa, Kansas, Nebraska, and Colo-
rado lic within the boundaries of the Kansas City
District. The area has a diverse economy and
includes agricultural, commercial, utility, indus-
trial, transportation, recreation, and urban devel-
cpment.

Extensive and record flooding occurred
throughout the lower Missouri River Basin
during late spring and summer of 1993 in Mis-
souri, central and east Kansas, southeast Nebras-
ka, and south central and southwest Iowa.
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Levees failed or were overtopped. Residential,
commercial, industrial and agricultural areas were
inundated and severcly damaged. Not only were
crops lost but cropland was extensively damaged by
sand deposits and scouring. Bridges, rail routes, local
roads, State highways and even Federal interstatc
highways were damaged and closed for extended
periods, causing major transportation disruption.
Urban areas along the Missouri River within the
Kansas City District that suffered major damages
included St Joseph, Missouri, and Elwood, Kansas;
Kansas City, Missouri and Kansas; and Riverside,
Parkville, and Jefferson City, Missouri. Along the
Kansas River, the Kansas communities of Kansas
City, Muncie, Tumer, Lawrence, and Manhattan
experienced significant impacts. Other communities
near tributaries experienced major damages, including
Pattonsburg and Chillicothe, Missouri, near the Grand
River; Excelsior Springs, Missouri, near Fishing
River; and Natoma, Kansas, near the Saline River.

Kansas City District Evaluation Methodology

The 1993 Flood Economic Base Condition
impacts were accumulated on a county level basis for
Missouri, Kansas, Jowa, and Nebraska disaster
counties located within the Kansas City District.
Since the Kansas City District boundaries do not
correspond to county boundaries, 1993 estimated
flood impacts by county as reported in the 1993
Flood Data Collection database were allocated among
the Diastricts so as to avoid double counting.

A second 1993 Flood Base Condition was also
developed for purposes of the Floodplain Manage-
ment Assessment. This second base condition was
limited to impacts that occurred in "FPMA counties”
in the Kansas City District. FPMA counti¢s are those
counties located adjacent to the Missouri River from
about Rulo, Nebraska, downstream to the St. Charles
and Franklin County boundaries and those located
adjacent to the Kansas River from approximately
Bonner Springs, Kansas, downstream to the conflu-
ence of the Kansas and Missouri Rivers. These
counties are located in the reaches designated for the
FPMA systemic analyses and impact study reach
analyses.

Missouri FPMA counties considered in the
Kansas City District analyses include: Andrew,



Boone, Buchanan, Callaway, Carroll, Chariton,
Clay, Cole, Cooper, Gasconade, Holt, Howard,
Jackson, Lafayette, Moniteau, Monigomery,
Osage, Platte, Ray, Saline, and Warren Counties.
For Kangsas, the FPMA counties within the
Kansas City District include: Atchison, Brown,
Doniphan, Johnson, Leavenworth, and
Wyandotte Counties. One Nebraska FPMA
county, Richardson, lies partially within the area
covered in the Kansas City District analyses.

The following is a brief description of the
types of damages and data estimates included in
each impact category and a description of the
data sources used for deriving the estimated
sociocconomic 1993 flood base condition im-
pacts for counties located within the Kansas City
District.

The Kansas City District Base Condition
impacts by category are primarily based on data
developed for the Kansas City District 1993
Post-Flood Report and the 1993 Flood Data
Collection Study (LMVD database). Primary
data sources used include field surveys of com-
munities along the Missouri River and its major
tributarics and in-person and telephone inter-
views with City Clerks, business owners, utility
company representatives, and others. In addition
to survey data collected, secondary source data
were obtained from State and other Federal
agencies.

Flood Damage Reduction

Impacts in this category ar¢ Residential
{Urban), Other Urban, Agricuftural, and Other
Rural.

Residential impacts represent damages (o
residential structures and contents in urban areas.
Kansas City District impacts shown in this
category are based on the LMVD database for
Kansas City District counties.

Other Urban impacts arc damages to com-
mercial, industrial, transportation, pipeline, utility
and public structures, equipment and inventory.
Estimated cleanup costs and revenue losses are

also included. Impacts shown are based on the
LMVD database for Kansas City District counties.

Agricultural impacts are estimates of crop losses.
Estimates of failed acres by county were provided by
ASCS staff. An estimated $250 per acre damage
which represents an actual loss per acre considering
the time of the flood event was then applied to the
estimated failed acres to compute damages in the
Agricultural impact category.

ASCS disaster payments were analyzed to derive
an estimate by county of crop damages due to
overbank flooding versus excess precipitation. The
estimated percentage of crop damages in the Kansas
City District that were due to overbank flooding are
shown by State below. For FPMA counties within
the Kansas City District, a higher percentage of crop
damages was due to overbank flooding (68 percent)
than for all disaster counties in the Kansas City
District as a whole (26 percent). Counties in Missou-
1 experienced significantly greater crop damages due
to flooding than counties in other States.

Flood Damage as a Percent of Total Crop Damage in
Kansas City District Counties

Disaster FPMA

Counties Counties
Missouri 63% 30%
Kansas 21% 39%
Iowa 4% N/A
Nebraska 7% 32%
Kansas City  26% 68%

Other Rural impacts include estimated damages to
farm buildings and equipment, farmland and farm
ditch restoration costs.

Government Expenditure Change

Estimates of impacts in these categories are based
on program data supplied by various Federal agencies
and the Scientific Assessment and Strategy Team
(SAST).

Emergency Cosis are emergency, evacuation, and
flood fighting costs as reported for the LMVD data-
base.
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Agricultural related disaster relief expendi-
tures include FmHA Farm Loans, Natural Re-
sources Conservation Service (NRCS) Emergen-
¢y Watershed Program payments, ASCS Disaster
Payments, Livestock Emergency Assistance
Program payments, and Emergency Conservation
Program flood related payments.

Human Resources Disaster Relief expendi-
tures include Federal Emergency Management
Agency (FEMA) buyout and hazard mitigation
costs, mission costs, FmHA home loans, FEMA
housing payments, FEMA individual and family
grants, Small Business Administration (SBA)
home loans, SBA rental and physical business
loans, and SBA economic injury loans. (Al-
though data for some of these may have been
used as an indication of damages reported in the
Fleod Damage Reduciion categories described
above, figures shown in this category are the
gross figures as reported for each county by the
referenced agencies. Therefore, data reported in
Flood Damage and Government Expenditure
Change categories overlap and should not be
added to obtain g “total” estimate of loss.)

Flood Insurance Payments include NFIP
payments by county for losses from April 1,
1993 through September 30, 1993, and FCIC
crop insurance indemnity paid for losses caused
by flood.

Reduction of Risk

Critical Facilities in the first category include
those facilities with potentially toxic releases
which were damaged in the 1993 flood, such as
hazardous materials production, storage and
waste facilities. Critical facilities in the next
category include essential utilities and services
and emergency services known to have been
damaged mn the 1993 flood.

The Number of People Vulnerable shown in
the base condition is a low end estimate based
on the number of FEMA housing applicants by
county. A high end estimate would be popula-
tion of communities damaged during the 1593
flood. The 1990 population of communities in

the Kansas City District affected by the 1993 flood
was more than 3 million persons.

The Number of Communities Vulnerable is
indicated by the number of communities receiving
NFIP payments plus any others known to have
suffered floed related damages during the 1993 flood.

Number of Residences Vulnerable is an estimate
based on the residential structures identified in field
surveys, when available; otherwise, the total of SBA
home loans and FmHA home loans was used as an
indicator when survey or other secondary data were
not available.

Kansas City District Baseline Economic Impacts

Disaster Counties

Counties in the Kansas City District incurred
estimated damages of more than $2.2 billion from the
1993 flood. The greatest impacts were in the Agri-
cultural category, comprising more than 61 percent of
the total impacts, followed by the Other Urban
category representing 29 percent, Residential (Urban)
with 5 percent, and Other Rural with 5 percent of
total impacts.

Under Government Expenditures, disaster relief
expenditures exceeded flood insurance payments for
the Kansas City District disaster counties.

FEMA Counties

FPMA counties in the Kansas City District
incurred damages of nearly $993 million from the
1993 flood. (Damages in counties designated as
"FPMA Counties" account for more than 44 percent
of total damages in the Kansas City District.) For
FPMA counties, the greatest damage impacts were in
the Other Urban category. Impacts in this category
comprised nearly 55 percent of the total impacts,
followed by the Agricultural category representing 30
percent, Other Rural with slightly more than 8 per-
cent, and Residential (Urban) with 7 percent of total
impacts.

Human Resource disaster relief expenditures
significantly exceeded flood insurance payments for
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the Kansas City District FPMA counties as a
whole.

Kansas City District Environmental Resources
Land Cover Distributions

The land cover distributions for the base
condition were developed using digital data sets
obtained from the SAST (LANDSAT imagery)
and the U.S. Fish and Wildlife Service (National
Wetland Inventory) as well as other sources.
These data were initially trimmed to match the
extent of the floodplain extent,

Non-Forested Wetlands

Non-forested wetlands include cmergent and
shrub/scrub wetlands. Forested wetlands are
captured in the forest category. At the time of
the 1993 flood, 6 percent of the total Kansas
City District floodplain study area was classified
as non-forested wetland. The portion of the
Missouri River that was analyzed included
~66,000 acres of non-forested wetlands.

Threatened and Endanpered Species

Threatened and endangered species include
both Federal and State listings. This data was
developed from the Natural Heritage Program
databases and close coordination with the various
Federal and State jurisdictional agencies. The
data included reflects only those observations
made within the floodplain. Both the number of
species (i.e., diversity) and the total number of
observations for all Federal and State threatened
and endangered species occurring within the area
are used to describe the base condition. In the
Kansas City District study area, 30 threatened or
endangered species were recorded, with 85
separate occurrences noted. Many of the threat-
ened and endangered species were plants charac-
teristic of wetland environments.

Forested Arecas
Forested arcas include both upland forests

and forested wetlands. At the time of the 1993
flood, 5 percent of the total Kansas City District

floodplain study area was classified as forest. The
portion of the Missouri River that was analyzed
included ~32,000 acres of forest.

Natural Floodplain Functiong

The area inundated by the 1993 flood was used ag
the base condition under the Natural Floodplain
Functions category. These celis were filled based on
the hydrologic analysis and calculations of areas
riverward of the current levee alignment.

Cultural Impacts

Little work has been done pertaining to cultural
resources on the Missouri River floodplain. Histori-
cally, the Missouri River has meandered extensively
across the floodplain, which limited the occurrence
and opportunity for site development. The Corps of
Engineers has documented the migration of this river
since 1879.

Cultural resource sites discovered in conjunction
with levee rehabilitation under Public Law 84-99 in
response to the 1993 flood were early 20th century
farmsteads that would probably be considered insig-
nificant if the State had a management plan in place
to address such sites. Prehistoric sites were located
mainly on terraces proximate to the bluff line and on
the bluffs above the floodplain. Such areas were
avoided for obtaining borrow for repairing levees.
None of the more prominent prehistoric sites were
affected during the 1993 flood or the Public Law 84-
99 repair effort. No historic standing structures were
affected by the 1993 flood.

Open Space

Public land in the category of "Open Space”
includes wildlife management arcas, wildlife refuges,
natural areas, National and State forests, and the like.
The acreage presented in the summary tables includes
the entire unit, even if only a portion of the unit falls
within the study floodplain boundary. Recreation
sites represent the number of Federal and State parks
and local recreation areas located within the study
arca. Approximately 43,100 acres of public land and
20 recreation sites were present in the Kansas City
District study area in 1993,
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St. Paul District Base Conditions

The 1993 flood was a significant event along
the Minnesota River from Mankato, Minnesota,
to its confluence with the Mississippi River at
Minneapolis and St. Paul, Minnesota. This was
an "impact reach" examined in greater detail for
this assessment. In this reach, the summer flood
of record was experienced, and at Mankato, a
historic record stage was recorded. Some $67
million in damages are estimated to have been
prevented at Mankato as a result of the recently
completed flood protection project. Along the
main stem of the Mississippt River, from St
Paul to Lock and Dam 10, the flooding was only
moderate at approximately a 20-year frequency,
though severe enough so that navigation was
disrupted by closure of the locks from 1 day at
Lock and Dam 4 to 2 weeks at Lock and Dam
10. Flooding was more severe locally along
several tributaries emptying into the Mississippi
River from Wisconsin, including the Black River
(especially at Black River Falls, Wisconsin), the
Baraboo River in the Wisconsin River basin, and
the Chippewa River at Eau Claire, Wisconsin,

Within the upper Mississippi River water-
shed in the St. Paul District, 35 counties in
Minnesota, 25 in Wisconsin, and 2 in Iowa were
included in Federal disaster declarations. These
62 counties comprise the Column A Base Condi-
tion for the summary impacts table for St. Paul
District. Of these counties, 22 were examined
for impacts in greater detail by virtue of their
location adjacent to the Minnesota River impact
reach or to the Mississippi River main stem.
These comprise the Column B Base Condition
shown in the summary impacts table. These
counties are listed as follows:

- Minnesota: Blue Earth, Carver, Dakota,
Goodhue, Houston, Le Sueur, Nicollet, Ramsey,
Scott, Sibley, Wabasha, Washington, and
Winona.

- Wisconsin: Buffalo, Crawford, La Crosse,
Pepin, Pierce, Trempealeau, and Vernon.

- Jowa: Allamakee, Clayton.

A summary of the flood related impacts and
losses from the 1993 event for the upper Mississippi
River Basin in the St. Paul District is found in the
data recorded in Columns A and B of the District
Summary Impacts Matrix table at the end of Chapter
9.

St. Paul District Baseline Economic Impacts

The 1993 flood damages experienced in the St.
Paul District portion of the upper Mississippi River
Basin were largely agriculture related. It is conserva-
tively estimated that at least $488 million in losses to

-agriculture were incurred for the 62 counties included

in this assessment. Substantial additional agricultural
damages were experienced in Federally declared
disaster counties in northwestern Minnesota and
eastern North Dakota that belong entirely or primarily
to the Red River of the North drainage basin and are
not included in this assessment, The basis for this
estimate is a. county by county review of Federal
Crop Insurance payments and disaster relief assistance
payments, the latter made by the ASCS, now a part of
the Consolidated Farm Services Agency. Crop
insurance and disaster aid may typically cover only
60 to 70 percent of total crop losses, so it is quite
certain that the reduced value of total crop production
was considerably in excess of half a billion dollars for
this 62-county area.

Crop insurance payouts for this area are estimated
to be $216 million, and disaster aid expenditures for
agriculture relief are estimated at $284 million. It is
interesting to notc that estimates of crop damage, crop
insurance payments, and disaster relief expenditures
are proportionately far less for the 22 counties located
adjacent to the main stems of the Minnesota and
Mississippi Rivers in the St. Paul District than for the
remaining counties. This no doubt is partly a reflec-
tion that some of the counties adjacent to the rivers
are less agriculturally oriented, but it also indicates
that most of the crop losses in the St. Paul District
were not caused by overbank flooding in the main
stem rivers.

Confirmation of this finding results from inspec-
tion of FCIC payments for this 62-county area. There
are more than a dozen causes of loss for which crop
insurance payments may be made. Only $2.3 million,
or just in excess of 1 percent of total FCIC indemnity
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payments for this area in 1993, were attributable
to "flooding." The category "excess rainfall”
accounted for $128 million in FCIC payments,
or almost 60 percent of total payments for this
arca. Clearly, for this upper portion of the upper
Mississippi River watershed in the St. Paul
District, it was the unusually heavy, persistent,
and widespread rainfall in more upland areas that
made many farm fields unworkable, not
overbank flooding from the main stem Minneso-
ta and Mississippi Rivers. This is not surprising,
because farming is not an intensive floodplain
land use along the lower Minnesota River below
Mankato or along the upper Mississippi River
below St. Paul within the St. Paul District.

Residential and other urban damages were
widely but refatively lightly distributed with a
concentration of losses in Lyon County (Mar-
shall), Minnesota, and Jackson County (Black
River Falls), Wisconsin. While several local
areas were hit hard, the relatively limited magni-
tude and duration of flooding in the St. Paul
District did not compare with the more wide-
spread damages to residential and other types of
structures and facilities expenienced in the other
four District areas. The estimates of emergency
response costs and National Flood Insurance
indemnity payments in St. Paul District counties,
in comparison with estimates from the other four
Districts, also reflect a generally lower level and
extent of damaging flooding. The large amount
of human resources disaster relief expenditures
is aitributable primarily to flood related unem-
ployment assistance.

St. Paul District Reduction of Risk Impacts
Categories

Relatively few critical facilities were affected
by the 1993 flood in the St. Paul District area.
Two Environmental Protection Agency (EPA)
designated Superfund sites, previously used as
landfills, are located in the Minnesota River
floodplain. One is a 126-acre site in Burnsville,
Minnesota, and the other is a 3-acre site near the
Minneapolis-St. Paul International Airport.
There are no problems known to have been
caused by these sites. A small oil spill from fuel
barrels was reported at Durand, Wisconsin, in
Pepin County.

Other facilities affected within the 22-county arca
in the St. Paul District include eight highway bridges
over the Minnesota River that were closed between
Mankato and the Twin Cities; a railroad line that was
flooded along the Minnesota River; closure of
Holman Field, the downtown St. Paul airport; a water
treatment plant shutdown in Le Sueur, Minnesota; a
sewage treatment plant shutdown in St. Peter, Minne-
sota;, and a wastewater treatment plant flooded in
Osseo, Wisconsin.

In the entire St. Paul District area, there were
more than 11,000 applications for erther individu-
al/family assistance from FEMA or disaster assistance
loans from the SBA. At least 64 communitics within
the basin are known to have ¢xperienced some degree
of flooding based on a review of the flood event
contained in the St. Paul District post-flood report.
More than 2,000 residential structures are estimated
to have been damaged by flooding.

St. Paul District Baseline Environmental Resources

Environmental base conditions for the St. Paul
District study area (Mankato, Minnesota, to
Guttenberg, Iowa) at the time of the 1993 flood are
taken from the Environmental Resource Inventory
(Appendix C). This data was compiled by a contrac-
tor using a wide array of available data, including
digital GIS data, Federal and State agency staff,
reports, etc. The base data covers the entire flood-
plain of the study reaches under investigation.

Land Use

The land use distributions for the base condition
were developed using digital data sets obtained from
the SAST (LANDSAT imagery) and the U.S. Fish
and Wildlife Service (National Wetland Inventory) as
well as other sources. The St. Paul District study
area consists of approximately equal proportions of
non-forested wetlands and floodplain forest (forest
and forested wetland). These two categories account
for almost 30 percent of the land use in the floodplain
{~150,000 acres). An extensive amount of open water
{~165,000 acres) also exists in the St. Paul District
study area, including over 1,000 individual lakes and
ponds. This is due in part to an essentially non-
leveed floodplain in this portion of the system. Also,
a series of dams on the Mississippi River is used to
support navigation. These structures cause extensive
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pooling of water, especially in lower reaches of
the navigation pools.

Threatened and Endangered Species

The St. Paul District shows the highest
number and number of occurrences of threatened
and endangered species in the overall FPMA
study areca., These high numbers are likely
related to the large amount of public land
(~77,000 acres, 14 percent) in the floodplain, and
the large number of fish and wildlife manage-
ment areas, including three National Wildlife
Refuges: the Minnesota Valley National Wildlife
Refuge, the Trempealeau National Wildlife
Refuge, and the Upper Mississippi River Wild-
life and Fish Refuge. These areas provide
important migration corridors and other critical
habitat requirements, as well as some degree of
protection from human-induced disturbance that
would occur in non-protected areas.

Cultural Impacts

Responding to flood damage to historic and
archeological sites, Congress provided $5 million
to the National Park Service (NPS) in August
1993, With this funding, the NPS provided
technical assistance and emergency stabilization
for flood-damaged archeological sites and histor-
ic structures listed on the National Register of
Historic Places. The National Trust for Historic
Preservation received $2 million from the NPS
and $3 million went to the nine States affected
by the 1993 flood (Wisconsin Preservation, July-
August, 1994). This funding allowed lowa,
Minnesota, and Wisconsin to produce written
summaries of the cultural resources affected by
the flood in their States. These reports provided
the principal source of information on the nature
and extent of damage to cultural resources in the
District. The nature and extent of cultural
resources in the Mississippi River valley in the
St. Paul District are detailed in the Environmen-
tal appendix to this report (Appendix C).

The 1993 flood had its greatest impact to
cultural resources on the Minnesota River and

the Mississippi River just downstream from the
Minnesota River's mouth., With funding provided
from the NPS, the Minnesota State Historic Preserva-
tion Office conducted general surveys and detailed
site assessments to determine the level of flood
damage. Reflecting the size of the flood on the
Minnesota River, archeological resources along its
course suffered greater damage than sites along the
Mississippi River.

Rock Island District Base Conditions

Base Condition Impacts include physical flood
damages as well as emergency response and disaster
relief costs. For the Rock Island Disirict, as with the
other Districts, the Economic Base Condition Impacts
are comprised of two sets of data. One data set is for
all counties within the District which were Federally
declared disaster counties during the summer of 1993.
The second Base Condition data set includes informa-
tion for counties adjacent to the FPMA river reaches.
Analysis of changes in flood impacts projected from
Action Alternatives and Policy Scenarios will be
founded on the FPMA river reach Base Condition
Impacts.

Three FPMA river reaches are within the District:
(1) the Mississippi River from Guttenberg, lowa, to
Saverton, Missouri; (2) the Des Moines River from
Saylorville Lake, Iowa, to its confluence with the
Mississippi River; and (3) the North Fork Raccoon
River in Dallas, Greene, and Polk Counties, lowa.
FPMA river reach counties by State in the Rock
Island District are listed below,
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FPMA COUNTIES IN ROCK ISLAND DISTRICT

lIowa lowa Illinois Missouri Wisconsin
Clayton Polk Jo Daviess Clark Grant
Dubugue Warren Carroll Lewis

Jackson Marion Whiteside Marion

Clinton Mahaska Rock Island

Scott Wapello Mercer

Muscatine Davis Henderson

Louisa Van Buren Hancock

Des Moines  Dallas Adams

Lee Greene

County-wide information from several
sources was used to gather flood damage esti-
mates for various impact categories. These
sources are detailed in the Evaluation appendix
(Appendix B).

Rock Island District Baseling Economic Impacts

There were significant damages both to
agriculture and to residential and other structures
from flooding and excess rainfall during the
summer of 1993 in the Rock Island District
counties that were Federally declared disaster
areas. In the 30 counties comprising the FPMA
"impact reach” counties in Rock Island District,
estimates are more than $128 million in residen-
tial damages, $223 million in other urban dam-
ages, and $141 million in crop losses. For all
declared disaster counties in the District, crop
losses were estimated to be in excess of $1.2
billion.

Disaster relief payments exceeded insurance
payouts for both agriculture and human resource
related needs. In the 30 impact reach counties,
some $72 million in agricultural disaster relief
was paid, while FCIC payments were $65 mil-
lion, For human resource needs, more than $135
millton in disaster aid was paid, while NFIP
payments were $83 million. When examining
ALL the declared disaster counties in Rock
Island District, almost $700 million was paid in

disaster relief for combined agriculture and
human resource needs.

Reduction of Risk Impact Categorigs

For practical purposes, the number of people
directly or indirectly affected by the 1993 flood
is indeterminable. Obviously, those people were
very directly affected who resided int floodplain
neighborhoods that were inundated. Those
owning businesses or working in floodplain
locations also were very directly affected.
However, there were numerous situations in
which thousands of people were affected by the
flood, even though they were not occupants of
the floodplain. Transportation routes were cut
off, essential public services were lost or ham-
pered to varying degrees, water supplies and
other utilitics were impaired, and production and
employment capacities were severely affected.

For the FPMA base condition impacts, some
11,000 residential structures are estimated to
have been damaged in the Rock Island District
impact reach counties. The number of commu-
nities vulnerable during the 1993 flood reflects
estimates of those instances of direct floodwater
inundation. At least 78 communities were
affected. This delineation, as with the number of
people affected, does not account for a much
broader group of community/social impacts.
Many communitics had levee systems which per-
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formed well or where floodfighting reduced
potential damages. Those communities and
residences were still vulnerable, and great effort
was extended for emergency preparedness and
floodfighting, not to mention anxiety due (o the
flood threat. Social service resources were often
strained to the limit. Government resources at
all levels were severely tested. Comprehensive
analysis of flood impacts on community and
social well-being is not addressed in this assess-
ment.

Rock Istand Baseline Environmental Resources

Unique Habitats

Many unique habitats found in the Rock
island District’s study reaches have been pro-
tected by county, State, and Federal agencies
(see the Environmental Resources Inventory,
Appendix C). These areas have been set aside
to protect habitats that are important to unique
plant and animal species, migratory stopping
places for waterfowl, and wildlife sanctuaries.
Many of thesc arcas are used for education
areas, hunting and fishing sites, sightseeing, and
other human uses,

Several programs and policies have been
enacted to either preserve protected areas or
enhance existing wild 1ands for their perpetuation
of benefits not only to the wildlife that use them,
but for human use. Currently, the Corps of
Engineers administers forestry management on
the bottomland timbered portions of the Missis-
sippi River. Timber stand improvements, even
age management, and species diversity are some
of the goals in this forestry program. The
Environmental Management Program and other
Federal programs are currently restoring and
enhancing wetlands that have been affected
primarily by siltation. Several sanctuaries ad-
ministered by county and State governments
protect mussel communities, rare turtle nesting
areas, and winter cagle roost areas.

Threatened and Endangered Species

Throughout the Rock Island District, many
species are cither State or Federally listed as

threatened, endangered, and rare. These include
23 plants, 17 fish, 3 mammals, 7 birds, 10
reptiles and amphibians, and 14 other species
such as mussels, snails, and insects.

Public Use Areas

Te accommodate people’s attraction to the
rivers and water based recreation, many sites
have been established by private organizations,
city, county, State and Federal agencies. Again,
most of these sites are detailed in Appendix C.

Flood Impacts

General impacts to threatened and endan-
gered species are not known at this time. While
these species are resilient to floods, even those
as significant as the 1993 flood, these species
now inhabit, for the most part, essentially an
unnatural floodplain that has been leveed,
pooled, and affected by pollution and develop-
ment, Short-term impacts from the flood (gener-
ally 5 years after the event) are being assessed,
as well as long-term monitoring on these species
and the habitats in which they are found.

Activities at public use sites range from
sightseeing to waterskiing. During the 1993
flood, practically all recreation was halted on the
rivers studied in this report. Post-flood repairs to
major facilitics are still underway. These repairs
include restoring bathrooms, removing silt from
boat ramps, repairing roads, replacing clectrical
lings, and many more efforts to bring these
recreation facilities and sites back to pre-flood
conditions.

Natural resources during and after the flood
showed a wide variety of responses to flooding -
- some were devastating while others were
beneficial. Initial studies of fish generally
indicated that many species used the floodplain
for spawning and rearing habitat. Mabher, et al.
(1994) found up to 37 species using floodplain
habitats that were previously leveed off from the
river, The floodplain offered a habitat of slower-
moving water, abundant escape cover, and a
highly productive food base for first year fish.
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The production of microcrustaceans and aquatic
insects in the inundated floodplain occurred at
just the time larval fishes needed food
(Bhowmik, et al., 1994).

The 1993 flood impacts to vegetation were
mixed. In many choked backwater areas, vege-
tation was completely removed or set back.
While setting back vegetation. in some of these
arcas opened them up and made them more
accessible to wildlife use, other areas that were
completely voided of vegetation were historic
waterfowl migration feeding sites. Ducks and
geese had to seck alternative, usually less pro-
ductive, areas to fuel their migrations,

It is still too early to determine what the
long-term effects of the flood will be on many
forms of vegetation and wildlife. Hanging in the
balance are animals like native mussels, which
were in a decline before the flood. Although
species using rivers and floodplains have adapted
to seasonal floods, impacts to delicate species
may be exacerbated by a major flood, even
though direct and indirect impacts by humans are
generally recognized as having a greater influ-
ence,

Cultural Resources

Cultural resource base conditions derived
from the 1993 flood impacts for the three reach-
es discussed below are judged to be -2 for both
historic structures and archeological sites. This
is based on an arbitrary scale of 0 to -5.

Mississippi River Floodplain: Muscatine,
TIowa, to Saverton, Missouri (River Reach
Code MI4) - This reach covers 156 miles of
floodplain between RM 457 and RM 301. Here,
the floodplain cuts across portions of 14 counties
-- 6 in Illinois and 4 each in Iowa and Missouri.
The 500-year floodplain covers approximately
458 900 acres between Muscatine and Saverton,
The number of recorded cultural resource sites in
this reach is 551.

Historic structures and/or districts (n = 32)
listed on the National Register of Historic Places
within the 500-year floodplain totaled 32 (see

Appendix C for a complete listing). This infor-
mation was acquired from the National Park
Service and 1s current as of February 4, 1994.

Knowledge of the extent of buried archeo-
logical sites remains extremely limited. Virtual-
ly no sampling has been conducted to determine
the extent of buried sites within the river’s vast
alluvial deposits. These deposits are known to
contain buried sites of great age and at depths
reaching to several meters below the present
surface. Even many protohistoric and early
historic sites are buried, lying under thick blan-
kets of 19th and 20th century alluvium.

Des Moines River Floodplain: Boone,
Iowa, to Red Rock Dam (River Reach Code
MIT11) - Much of this reach, except for areas
within and immediately adjacent to Des Moines,
TIowa, includes Corps of Engineers fee title and
easement lands associated with Saylorville Lake
and Lake Red Rock.

Benn (1986:3) identified 521 cultural re-
source sites on the Corps Saylorville Lake fee
title and easement lands. Presently, 32 of these
sites are considered eligible for listing on the
National Register of Historic Places, while 164
still require evaluation (o establish National
Register status (U.S. Army Corps of Engineers
1990, as revised). All others have been deter-
mined not eligible for the National Register,

Information current as of October 1994 for
Lake Red Rock listed 466 cultural resource sites
on the Corps fee title and casement lands. No
sites were identified as eligible for inclusion on
the National Register of Historic Places; 218
sites were listed as not eligible; 194 were listed
as still in need of testing to establish National
Register status; and 54 were listed with no
indication of National Register status.

None of the sites at Saylorville Lake or Lake
Red Rock include standing structures eligible for
the National Register. However, National Regis-
ter structures and/or districts have been tabulated
for areas within the 500-year floodplain of the
Des Moines River in Polk County: five struc-
tures and/or districts occur within 42,700 acres in
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the 500-year floodplain. The floodplain is not
defined in the areas above and below Polk
County.

Raccoon River Floodplain: Dallas and
Polk Counties, Iowa (River Reach Code
MIT14) - Only one National Register listing
was found within the 500-year floodplain for this
reach. The listing is limited to the 6,900 acres
of floodplain in Polk County because the flood-
plain is not defined in Dallas County.

St. Louis District Base Conditions

St. Louis District Baseline Economic Impacts

Within the St. Louis District boundaries, 26
countics were Federally declared disaster areas
during the 1993 summer flood. St. Louis Dis-
trict is the only instance where all declared
disaster counties were also considered "impact
reach” counties for the purpose of FPMA analy-
sis. The 26 counties are listed below:

Iinois Missouri
Alexander Cape Girardeau
Brown Franklin
Calhoun Jefferson

Cass Lincoln

Greene Perry

Jackson Pike

Jersey Ralls

Madison St. Charles
Monroe St. Louis (County and City)
Morgan St. Genevieve
Pike Scott

Randolph

St. Clair

Scott

Union

Residential and other urban damages were
proportionately by far the greatest in the Federal-
ly declared disaster counties of St. Louis District.
More than $431 million in residential damages
and $549 million in other urban damages were
experienced. By comparison, agricultural crop
losses were estimated to be $169 million.
Emergency response costs exceeded $101 mil-
lion.
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St. Louis District data is also distinctive in
that insurance claims payments slightly exceeded
the amount of Federal disaster aid provided for
residents in these disaster counties. National
Flood Insurance claims ($133.7 million) essen-
tially equaled disaster aid for human resources
($134.3 million). In the agricultural sector,
Federal Crop Insurance claims ($44.9 million)
exceeded agricultural disaster relief ($36.4
million) that was provided.

Reduction of Risk Impact Categories

Approximately 250 critical facilities within
the St. Louis District were affected by the 1993
flood. Other critical facilities are located in the
floodplain and could be vulnerable in future
flood events.

At least 23,460 residential structures were
damaged by the flooding in at least 50 communi-
ties. Some 62,180 people are estimated to have
been directly affected by flood losses. These
estimates do not include the hundreds of thou-
sands of other people whose lives were affected
by transportation disruptions that made commut-
ing to work difficult or the loss of business that
resulted due to the havoc caused by flooding.

St. Louis District Baseline Environmental Re-
sources

Natural Resources

Of the half-dozen land use/land cover types
occurring within the entire St. Louis District
study area, agriculture predominates (64 percent),
followed by forest (15 percent), non-forested
wetland (9 percent), water (8 percent), and urban
(5 percent). Barren arcas, such as beaches,
represent less than 1 percent of the 1,731,660-
acre floodplain area. Of the total wetland land
cover type, 53 percent is forested and 47 percent
is non-forested. Most of the area identified as
water and barren represents the 380 miles of the
Mississippi and lilinois Rivers at normal stage.

The St. Louis District study area on the main
stem Mississippi River (excluding FPMA tribu-




taries) contains the largest total floodplain acre-
age of the FPMA Districts. This reflects the
generally increasing width of the Mississippi
River floodplain from north to south.

Much of the public land in the St. Louis
main stem area is located along the 100-mile-
long pooled portion of the Mississippi River
north of St, Louis. Little public land lics along
the 200 miles of open river from St. Louis to
Cairo, Illinois.

Levees protect 66 percent of the floodplain
within the entire St. Louis District study area.
Seventy-five percent of the urban land use in the
study area is protected by levees and 85 percent
of the agricultural land use is protected by
levees. Thirty-four percent of the floodplain is
unprotected.

Cultural Resources

Sources used to assess the flood damage to
the cultural resources of the St. Louis District
include several recent descriptive reports, several
older study documents related to past floods and
floodplain use, recent survey data, and personal
communications. First, "The Great Flood of
1993 Post-Flood Report" was a valuable re-
source. Portions of "A Blueprint for Change"
(the Galloway Report) were also vsed. Second,
reports, documents, and data on file in the St.
Louis District Planning Division were critically
important. Third, recent survey data of selected
floodplain areas known to have historic proper-
ties were valuable in preparing the St. Louis
District cultural narrative. Finally, many con-
tacts were made by E-mail and telephone to the
historic preservation agencies of Missouri and
Illinois and to other State agencies. The result
was a compilation of data giving a general
picture, with additional specific facts for some
localized areas.

Roughly 80 percent of the Mississippi River
floodplain within the St. Louis District was
inundated at some time during the flood of 1993,
In the absence of thorough, post-flood surveys
covering large areas of the rural bottomlands, it
was decided to use the same figure as an esti-

mate of the level of flood-caused damage to
historic and prehistoric sites. It was assumed,
therefore, that approximately 80 percent of the
cultural resources in the District were, in some
way, affected by the flood. This estimate is no
doubt flawed. It is clear, for instance, that
historic properties are not cvenly distributed
across the landscape. It is equally clear that
many fewer historic sites were damaged than
prehistoric sites. This is true for three basic
reasons: many historic sites were protected by
flood control projects; there are many more
prehistoric sites than there are historic sites; and
the more numerous prehistoric sites often lie
outside of levees, or behind low agricultural
levees that were overtopped. However, while
these are valid criticisms, it is still felt that about
60 percent of the historic sites and at least 80
percent of the prehistoric sites in the District sus-
tained some damage in the flood of 1993.
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CHAPTER 6 - "SCENARIQ" DESCRIPTIONS (POLICY AND PROGRAM CHANGES
AFFECTING USE OF FLOODPLAINS)

Scenario Development

A challenge for this assessment is to exam-
ine the wide range of approaches that can be
taken both to reduce damages to human resourc-
es and to maintain the value of natural floodplain
resources. In order to ensure that nonstructural
approaches were considered as a major part of
this effort, the concept of "scenarios” was devei-
oped. Scenarios provide a context for the evalu-
ation of potential changes in floodplain land use
and flood impacts linked to changes in nonstruc-
tural policies and programs for this assessment.

The basis for evaluation is to attempt to
quantify the CHANGES in impacts and resource
values that might have resulted in 1993, IF a
number of nonstructural policy and program
measures had been in place. The 1993 flood
damages and other losses, as discussed in Chap-
ter 5, serve as the baseline for making the com-
parisons of possible changes in impacts and
resource values.

Three scenarios of nonstructural policy and
program measures are developed in this assess-
ment. Each scenario contains at least one mea-
sure from each of seven policy and program
categories. A detailed listing of the various
program and policy measures that comprise the
three scenarios is provided in this chapter.

The seven policy and program categories
listed below, among others, have received much
attention over the years as being particularly
important in creating incentives for how flood-
plain resources will be used. These categories
are identified in columns C through I in the first
of two evaluation tables described in Chapter 4.
They are each included in development of the
three scenarios:

6-1

CATEGORY C. National Flood Insurance
Program repulations.

CATEGORY D. State floodplain manage-
ment and zoning practices.

CATEGORY E. Local floodplain manage-
ment and zoning practices.

CATEGORY F. Community relocation, flood
hazard mitigation, and land use conversion
programs,

CATEGORY G. Flood disaster relief pro-
grams.

CATEGORY H. Floodplain wetland restora-
tion policies.

CATEGORY I, Agricultural support policics
related to floodplain use.

Floodplain related policy and program issues
used to develop the scenario descriptions were
located from sources such as the Interagency
Floodplain Management Review Committee
(1994), the Association of State Floodplain
Managers (ASFPM) (1994), and the Upper
Mississippi River Basin Association (UMRBA)
(1994). The Floodplain Management Assess-
ment (FPMA) evaluation framework developed
a RANGE of policy and program measures to
differentiate three scenarios. The contents of the
scenarios were devised for the purpose of com-
pleting evaluations of potential impacts as part of
the FPMA. They are not attributable to any
other source.

The scenarios serve as a means for identify-
ing the potential significance of changes in
floodplain land use and flood impacts that could
have resulted in 1993 if the policies and pro-
grams had been in place. While it is important
to be able to clearly differentiate a wide range of
conditions as represented by the three scenarios,
a countless number of scenarios could be devel-
oped. The objective of the evaluation process is
not to perfect the scenarios; it is rather to be able



to show which of the policy and program chang-
es appear to be most robust in responding to
environmental, economic, and social needs
related to floodplain management.

Several comments received on the draft
FPMA report made suggestions for either in-
creasing the number of scenarios or changing
features within the three scenarios that were
evaluated. There is certainly room for additional
analyses to be conducted that would better
identify and quantify the impacts that could
potentially be associated with implementation of
a number of the measures that were examined.
There are also other policy or program measures
of interest that could be devised to respond to
particular floodplain management problems or
issues. Scenarios in this assessment served as a
context and a framework for analysis, but it is
the individual measures within the scenarios that
served as the focus for the assessment of possi-
ble impacts.

A summary analysis of the measures com-
prising the scenarios is presented in Chapter 7
along with completed impacts matrix tables for
cach of the three scenarios at the end of the
chapter. A substantial amount of supporting
information on the scenario measures and poli-
cy/program categories, including matrix table
cell notes and descriptions, is located in Chapter
3 of Appendix B.

Scenario Descriptions

SCENARIO 1: EXISTING FLOODPLAIN
POLICIES AND PROGRAMS MAIN-
TAINED WITH KNOWN CHANGES IN-
CLUDED

This scenario outlines a continuation of the
floodplain management policies and programs
presently in place while also recognizing, when
known, changes in these policies and programs
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that are occurring. These include Federal Emer-
gency Management Agency (FEMA) buyouts of
more than 5,000 substantially damaged structures
in the floodplain and 1994 legislation reforming
aspects of the national flood insurance program.
Likewise, State and local governments in many
cases are actively responding to impacts caused
by the 1993 flood. The philosophy underlying
this scenario, however, is that changes in flood-
plain management will come, in most cases,
somewhat slowly and incrementally over time,

SCENARIO 2: FLOODPLAIN POLICY
AND PROGRAM PROPOSALS OF THE
REVIEW COMMITTEE, UMRBA, AND
ASFPM ARE IMPLEMENTED

This scenario assumes that many of the
floodplain policy and program proposals present-
ed in the Interagency Floodplain Management
Review Committee report ("Galloway Report"),
along with position papers prepared by the
Upper Mississippi River Basin Association and
the Association of State Floodplain Managers,
are implemented. The measures in this and the
other scenarios focus on policies and programs
that have the potential for changing floodplain
marnagement and use "on the ground." Because
of uncertainty over specific provisions of the
1995 Farm Bill, possible actions in this area are
included under this scenario. Other issues,
related to institutional and administrative re-
forms, were to be considered outside this evalua-
tion framework.

The philosophy underlying this scenario

" assumes a more active response to the 1993

flood and a persistent pursuit of floodplain
policy and program reforms. Major objectives to
be achieved include reduction of risk to lives and
property, economically efficient use of floodplain
resources, and environmental enhancement of
floodplain resources.



SCENARIO 3: AVOIDANCE OF FLOOD
RISK TO LIVES AND PROPERTY AND
RESTORATION OF NATURAL RESOURC-
ES OF THE FLOODPLAIN ARE MORE
AGGRESSIVELY PURSUED

This scenario is based on & very active
pursuit of floodplain management reforms,
emphasizing restoration of environmenta! re-
sources in the floodplain and maximum avoid-
ance of risk from flood damages and to loss of
lives as the two primary policy objectives.
Long-term planning in the use of floodplains at
all government levels discourages development
of floodplain areas even where it may be eco-
nomically viable to do so. The philosophy
underlying this scenario is that reliance on
natural features in the floodplains is encouraged.
New structural works to manage floods will be
used only to protect existing development and
will not be constructed to protect areas of poten-
tial future development. Avoiding exposure to
flooding is the foundation in developing flood-
plain management policies and programs under
this scenario.

Policy and Program Categories Varying with
Scenarios

The policy and program categories vary
between scenarios assuming implementation of
various MEASURES. These measures are
summarized below. (NOTE. Measures were
assigned to FPMA team members for analysis in
September 1994, Some additional explanation of
what several of the measures entail is provided
in response to comments received on the draft
report in April/May 1995. The mcasures are
NOT recommendations. They have been exam-
ined for the purpose of analysis to gain a better
understanding of what positive and negative
impacts could result if a measure were to be
implemented.)

Category C - National Flood Insurance
Program (NFIP) Regulations
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Scenario 1 Measures

* A 30-day waiting period for policies
to take effect, as opposed to a 5-day base condi-
tion (included in 1994 legislation)

* Enforced compliance of flood insur-
ance requirements for structures with mortgages
in the 100-year floodplain (included in 1994
legislation)

* Pre-flood market values instead of re-
placement costs to be used in determination of
substantially damaged structures {(confirmed in
1994 legislation)

* No changes in premium structure as-
sumed (to be studied under the 1994 legislation)

* No expansion of riverine arecas cov-
ered by flood insurance requirements assumed

Scenario 2 Measures

* Establish a sliding scale of escalating
premiums to place a greater burden on repetitive-
ly damaged structures

* Flood insyrance claims filed for struc-
tures outside a mapped floodplain causes the
area to be mapped as floodplain and triggers
community requirements to manage the area as
such

* Actuarially based flood insurance re-
quirements are applied to structures behind all
levees with less than standard project flood
protection

* Flood insurance maps will not be re-
vised to remove properties based on fill (A
homeowner could raise his or her home, but the
site would not be removed from flood maps, so
that any owners or subsequent buyers of unde-
veloped adjacent properties would not be misin-
formed about the continued risk of flooding.)

* All communities with flood hazard
areas that are developed or could be developed
will be mapped, and increased funding to accom-
plish this will be provided

Scenario 3 Measures

* Provide authority for individuals to
sue agents and lenders who fail to provide notice
of flood insurance purchase requirements



% NFIP Community Rating provisions
are MANDATED to ensure adherence to practic-
es achieving flood damage avoidance

* Additional funding for completion and
update of flood insurance rate maps (FIRMs) is
provided (beyond NFIP premiums), maps are
based on FUTURE conditions hydrology

Category_ D - State Floodplain Manage-
ment and Zoning Practices

Scenario 1 Measures

* Variety of State policies and programs
(see "Galloway Report," Attachment 1) assumed
to continue without major change

* NFIP funding provided (up to $1.5
million annually) for State (and local) floodplain
management and advanced mitigation planning
(included in 1994 legislation)

Scenario 2 Measures

* Locational requirements and contin-
gency planning requirements for critical facilities
are tightened to avoid the standard project flood
or provide protection against the standard project
flood

*  Community Devclopment Block
Grants through the Department of Housing and
Urban Development (HUD) are provided which
finance relocations in NON-DISASTER situa-
tions, once cost sharing requirements are met by
State/local governments

Scenario 3 Measure

* State governments as well as Federal
agencies are required to meet the standards
contained in Executive Order 11988

Category E - Local Floodplain Manage-
ment and Zoning Practices

Scenario 1 Measure

* No major changes in local floodplain
management and zoning trends; standards for
participation in NFIP generally adhered to

Scenario 2 Measure

* Community Rating System (CRS) fea-
tures are promoted; premiums are reduced for
structures in participating communities from the
current 5 percent discount to as much as 20 to
25 percent (The Federal Insurance Administra-
tion has established a CRS to encourage commu-
nities participating in the NFIP to undertake
floodplain management activities that go beyond
the activities required for program participation.
FEMA has commented that the existing program
already provides for discounts of up to 40 per-
cent depending on the class rating of the com-
munity.)

Scenario 3 Measure

* Communities are required to obtain
private insurance to cover flood losses to public
facilities in order to receive supplemental post-
flood disaster assistance

Category F ~ Community Relocation,
Flood Hazard Mitigation, and Land Use Con-
version Programs

Scenario 1 Measures

* FEMA buyouts of 5,000 or more sub-
stantially damaged structures are completed
(FEMA has commented that 177 approved
projects consisting of 8,251 parcels are being
pursued)

* Up to $20 million funding to be
provided annually for "National Flood Mitigation
Fund" from NFIP premiums, with cost sharing
requirements (included in 1994 legislation)

* 1993 Hazard Mitigation and Reloca-
tion Assistance Act (Public Law 103-181} and
FEMA interim rule in place increasing Federal
share for eligible hazard mitigation and reloca-
tion from 50 percent to 75 percent

Scenario 2 Measures

*  Federal leases in floodplains are
phased out



* Flood hazard mitigation funds for
floodproofing, elevating, or relocating structures
are made available as quickly as construction
funds for repairs are in place

Scenario 3 Measure
* Cost shared funding for acquisition of
all structures repeatedly flooded is provided by

Federal/State/local governments

Category G _- Flood Disaster Relief Pro-
grams

Scenario 1 Measure

*  Existing programs, except where
noted clsewhere, are assumed to continue inde-
pendently (see "Galloway Report,” Attachment 1,
for brief program descriptions)

Scenario 2 Measures

* All digaster assistance to be strictly
cost shared at 75/25 percent and made consistent
across all Federal relief programs, and equal to
mitigation cost sharing requirements (NOTE:
The "base condition” has seen Congressional
mandating at 90/10 percent cost sharing in recent
disasters.)

*  QGreatly reduce public assistance
grants to communities not participating in the
NFIP

Scenario 3 Measures

* Post-flood disaster relief is eliminated
for those communities and individuals within
designated STANDARD PROQJECT FLOOD
areas not participating in the NFIP

* Repeat flood DISASTER payments to
individuals and communities are eliminated (All
should be in the flood insurance program, which
would cover multiple events assuming com-
pliance with NFIP provisions. FEMA has com-
mented that a provision in the NFIP 1994 reform
legislation largely accomplishes this measure.)
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Category H - Floodplain Wetland Restorg-
tion Policies

Scenario 1 Measure

*  Existing wetland protection and
restoration policies are assumed to continue
without major change (see "Galloway Report,”
Attachment 1, for brief program descriptions)

Scenario 2 Measures

* Increased funding for Refuge Revenue
Sharing Act provided to cushion local
governments' tax ‘base from land conversion
effects

* Stream and riparian restoration pro-
gram established with Federal funding and
technical assistance from the U.S. Department of
the Interior, the U.S. Department of Agriculture,
and/or the Environmental Protection Agency

*  Floodplain wetlands targeted for
priority enrollment in the Wetlands Reserve
Program

* Nominal funding for land acquisition
for habitat improvement under the Upper Missis-
sippi River System-Environmental Management
Program (UMRS-EMP)

Scenario 3 Measure

* New funding is provided to initiate a
lower Missouri River Environmental Manage-
ment Program with land acquisition for habitat
improvement allowed

Category I - Agriculture Support Policies
Related to_Floodplain Use

Scenario 1 Measures

*  Federal crop insurance program
reform requiring participation of all farmers
receiving other farm program benefits is assumed
to be in place (included in 1994 legislation)

* Qther incentives, such as Wetland Re-
serve Program, Emergency Wetland Reserve
Program, and Conservation Reserve Program, are



assumed to continue but not extend beyond the
dates of existing authorization language (sce
"Galloway Report,” Attachment 1, for brief
program descriptions)

Scenario 2 Measures

* Levee repair criteria are consistently
and rigorously applied, with increased consider-
ation of repetitive losses, maintenance costs, and
environmental and social impacts of levee resto-
ration versus other alternatives

* 1995 Farm Bill will continue conser-
vation and voluntary acquisition programs em-
phasizing restoration of marginal agricultural
areas frequently flooded to wetlands and natural
habitat

* Post-flood land restoration activities,
including explicit consideration of environmental
attributes, are formalized to expand opportunities
for pursuing buyout options (Louisa levee district
No. 8 in Iowa as the prototype)

Scenario 3 Measures

* Crop insurance premium rates reflect
actuarial risk for farming behind levees in flood-
plain area

* Expanded implementation of existing
upland farm land use management practices,
such as terracing, no-till farming, construction of
windbreaks, and sediment traps to reduce peak
flood runoff and retain soil on the landscape
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CHAPTER 7 EVALUATION OF SCENARIO MEASURES

Introduction

This chapter presents the evaluation of a
wide range of measures in seven different policy
and program categories that have been examined
in this assessment. The seven categories, in the
order they are discussed in this chapter, and in
order from Columns C through ! in the impacts
matrix tables for each of the three scenarios, are:

C National Flood Insurance Program
Regulations

D  State Floodplain Management and
Zoning Practices

E Local Floodplain Management and
Zoning Practices

F Community Relocation, Flood Hazard
Mitigation, and Land Use Conversion Programs

G Flood Disaster Relief Programs

H Floodplain Wetland Restoration Policies

1 Agricultural Support Policies Related to
Floodplain Use.

The basis for the evaluation in each case is
to assess how the impacts of the 1993 flood
might have been different if specific policy and
program measures had been in place at the time
of the flood. It is understood that this will not
necessarily provide a complete perspective on all
aspects of any given measure being analyzed,
but a substantial amount can be and has been
learned by approaching the analytical tasks in
this way.

It is important to recognize that many of the
measures are quite conceptual in nature and
difficult to evaluate, because databases and other
information have not been collected and orga-
nized in a manner that responds to many of the
questions that implementation of a measure
would raise. Therefore, a substantial amount of
judgment is involved in identifying the most
significant aspects of these measures, and a great
deal of reliance has been placed in many cases
on consultations with officials in other agencies

at both the Federal and State levels in gaining
ingights as to the likely impacts that could result
from implementation of these measures.

Summ ary impacts matrix tables for Scenarios
1, 2, and 3, showing cell entries of potential
changes in impacts for the measures considered
in the respective policy and program categories,
are shown at the conclusion of this chapter.
More detailed discussion and analysis of the
scenarioc measures, and explanations of cell
entries, are contained in Appendix B (Evalua-
tion) to this report.

The policy and program evaluations are
based almost entirely on the features of the
individual measures that were analyzed. Many
of the measures did not result in identifying
potentially large changes in impacts with refer-
ence to the 1993 flood. Nevertheless, it is
certainly possible to formulate many different
combinations of these measures in ways that
might lead to significant changes in impacts,
especially for flood events less severe than the
1993 flood. This step went beyond what could
be accomplished in this assessment. The analy-
sis presented in this chapter, however, can serve
as a starting point and certainly invites more
detailed consideration of various floodplain
management policies and programs to determine
what changes could be of greatest importance for
specific conditions and locations, both locally
and systemically.

Nationai Flood Insurance Program Regula-

tions

The National Flood Insurance Program
(NFIP) is one of the critical tools in effective
floodplain management. From its inception with
the enactment of the National Flood Insurance
Act of 1968 through Title V of the Riegle Com-
munity Development and Regulatory Improve-
ment Act of 1994 (Public Law 103-325), the
program goals have been:




1. to increase the awareness of the dangers
and risks of floodplain habitation;

2. to reduce or minimize individuals and
communities at risk by means of wise floodplain
regulations; and

3. to internalize the costs of floodplain
occupancy, thereby reducing the reliance on
Federal disaster relief expenditures.

If nothing else, the great Midwest flood of
1993 exposed the weaknesses and strengths of a
proactive flood insurance program. Local, State,
and Federal floodplain management and disaster
officials have coalesced into a force for change
in pre-disaster planning and post-disaster recov-
ery. While many of the flood insurance reforms
of Public Law 103-325 have been discussed for
years, it is unlikely that major changes could
have been effected without the riveted national
attention on the prolonged agony suffered by the
citizens of the Midwest in 1993.

Though Title V of Public Law 103-325
implements important improvements in mitiga-
tion insurance, mitigation funding, lender com-
pliance, and a 30-day waiting period in the
NFIP, other crucial issues remain.

Market Penetration: What other strategies in
addition to increased lender compliance can
expand the number of policies in force to levels
approaching the potential market? Is a more
punitive approach for non-participation the only
effective option or is there some blend of a
positive inducement to behavioral change?

Repetitive Losses: Repetitive losses, primar-
ily in the pre-Flood Insurance Rate Map (FIRM)
floodplains, exert undue pressures on the actuari-
al viability of the NFIP. While estimates vary,
it appears that 2 percent of the policies have
historically accounted for 25 to 50 percent of the
claims and a similar proportion of the dollars
paid out from the National Flood Insurance
Fund. Likewise, damages per pre-FIRM struc-
ture on average arc three times the damage to

regulated floodplain structures. The inclusion of
a cumulative damage criterion to the existing
substantially damaged criterion and targeted
buyouts would eventually remove this significant
drain on the NFIP. The definition of "repetitive
loss structure” contained in Section 512 of the
NFIP reform legislation should help in address-
ing these problems.

Expansion of Areas Requiring Flood Insur-
ance; Recognition of the potential for
catastrophic flood damage in areas within or
protected to the Standard Project Flood (SPF)
would increase the public awareness of flood
risk. It would also indemnify the Federal Gov-
ernment against the potential for "budget-bust-
ing" disaster payments. Actuarial based premi-
ums in the expanded coverage areas would
reflect the appropriate risk depending on the
level of protection or location in the floodplain.

The Federal Emergency Management Agen-
cy (FEMA) has commented that some caution
should be used when considering the definition
of “floodplain location.” Many of the buildings
that were flooded that were outside the 100-year
floodplain were in the City of Chicago or in
Cook County, Illinois, and had basements flood-
ed due to backup of combined storm sewer
systems. Other areas also had buildings with
basements that were flooded due to sewer back-
up, inadequate storm sewers or other drainage
problems or high groundwater (some of it behind
levees). These types of problems do not lend
themselves to floodplain mapping. For the
Midwest flood, only 2,483 out of 16,167 claims
filed (15.4 percent) were in B, C, and X zones
(outside the 100-year floodplain). Note that B,
C, and X zone buildings as a class are actuar-
ially rated and not subsidized.

Community Rating System (CRS): The
Federal Emergency Management Agency has
commented that the NFIP Community Rating
System provides for up to a 40 percent discount
in flood insurance premiums for communities
based on its class rating., Currently, the highest
rated community is a Class 5 and receives a 25



percent discount, The discount is limited to 5
percent (Class 9) only for the first year of partic-
ipation. Applying for the CRS requires some
effort on the part of a community, but discounts
of up to 10 percent can probably be obtained
with minimal ¢ost to the community. Over 800
communities currently participate in the CRS,
accounting for 56 percent of all NFIP policies.
The current low level of CRS participation in the
Midwest is probably due to the low number of
NFIP policies in most communities. The seven-
State region as a whole accounts for less than 2
percent of the NFIP policies nationwide. Many
of the Midwest communities probably could
receive at least the 5 percent discount based
solely on implementing more restrictive State
floodplain management requirements and low
cost public awareness activities that they may
already do. However, they probably do not view
it as worthwhile to go through the application
process since so few people would benefit from
the premium discount. The CRS is fully funded
and fully available to communities that apply.

The environmental work group concluded
that implementation of NFIP regulations under
scenarios 1, 2, or 3 would have negligible or no
impact on all environmental impact categories
(wetlands, forest, threatened and endangered
species, extent of floodplain inundation, public
lands, recreation sites).

From a cultural resources perspective, there
is concern that tightening flood insurance re-
quirements could Iead to evacuation of historic
structures or make them more subject to flood
mitigation measures that would harm their
historic value. On the other hand, if thesc
measures served to discourage future floodplain
development, there could be a positive benefit to
archaeological resources of the floodplain.

A more detailed discussion of the individual
measures considered under each of the scenarios
for National Flood Insurance Program regula-
tions is contained in Appendix B (Evaluation) to
this report.
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Summary: The most significant point to be
made in considering NFIP provisions through the
evaluation framework matrix table is that an
expansion of the program, especially with re-
spect to the numbers of participants, would result
in a reduction in the need for Federal disaster
assistance. It would also help to assure that
those who invest and live in the floodplain
accept appropriate responsibility for flood dam-
ages when they occur. Provisions contained in
Title V of Public Law 103-325, the National
Flood Insurance Reform passed into law in 1994,
are directed toward achieving these objectives.

State Floodplain Management _and Zoning
Practices

To determine how potential changes in State
and local floodplain management and zoning
practices might have affected the flood damages
experienced during the "Flood of 93," we at-
tempted through available data and original
interviews to review five measures that deal with
State floodplain management and zoning practic-
es, and three measures that deal with local
floodplain management and zoning practices.
The measures are components of the three
Floodplain Management Assessment (FPMA)
scenarios.

Overall, mitigation activities (acquisition,
relocation, or demolition) and structural protec-
tion have the highest potential to affect damages
experienced during the 1993 flooding. Mitiga-
tion activities appear to excel in the 1993 flood
experience because they physically eliminate the
risk of flood damage through the removal of
structures from harm's way. This approach is
effective only to the "design level of protection”
(i.e., an acquisition project that clears the 100-
year floodplain does not prevent damages in the
500-year floodplain). Similarly, zoning will be
effective only for the floodplain area being
regulated, which typically is at or below the 100-
year flood elevation while the 1993 flood ex-
ceeded a 100-year flood in many locations. In
many respects, however, the damages incurred
from the 1993 flood could have beemn much



worse were it not that six of the seven States
examined have had floodplain management
programs for a number of years; initial flood-
plain mapping has been completed; and most
communities with flood problems have adopted
and are enforcing floodplain management ordi-
nances that meet both NFIP and State minimum
standards.

The following is a brief review of how each
State acted on its floodplain management policy
by the time this report was drafted.

+ Illinois uses a State-produced model
floodplain development ordinance fashioned after
building code ordinances as the basis for its
floodplain management program. The State
issued a new rule on levee repairs after the 1993
flood, and amended an administrative rule in the
spring of 1994 requiring project sponsors to
analyze the impacts of all new levees to the top
of their freeboard versus the 100-year flood
elevation.

. Iowa has had an active floodplain
management program since 1957, and has not
made any policy or program changes since the
"Flood of 93".

. Kansas has not passed any new
legislation as a result of the "Flood of 93".

+  Minnesota has had an active flood-
plain management program since 1969, and has
not enacted any new legislation related to flood-
plain management since the "Flood of 93".

. Nebraska has had an active flood-
plain management program since 1967, and has
not made any changes in the program since the
"Flood of 93".

*  Wisconsin has had an active flood-
plain management program since 1965, and has
made no changes to its zoning policies as a
result of the 1993 flooding.

We examined each measure in terms of
potential for the following categories of impact:
Flood Damage Change; Government Expenditure
Change; Change in Floodplain Resources; Criti-
cal Facilities; Protection/Avoidance of Harm;
Social Well-Being; and Implementation Costs.
The review produced evaluations of the effec-
tiveness of the measures on a subjective scale:
none, low, moderate, or high impact because
available data could not support specific dollar
amounts of reduced damages to individual
measures. The following discussion summarizes
the measures we evaluated, with emphasis on
potential to produce impacts greater than the
none or low categories. For more discussion of
the rationale for assigning the impact ratings,
refer to Appendix B (Evaluation).

Scenario I Impacts

A.Management Measure: Variety of
State policies and programs assumed to con-
tinue without major change (Scenario 1).

The objective of this measure is to identify
State floodplain management policies and pro-
grams, and any changes that have been imple-
mented since the "Flood of 93." as well as the
impact of these changes.

1. Changes in State floodplain management
policies and programs have generally not been
introduced since the 1993 flood, primarily be-
cause substantial programs are already in place.
In Missouri, a decrease in flood damages ulti-
mately could result with passage of legislation
establishing a State floodplain management
program incorporating recommendations in the
Governor's Task Force on Floodplain Manage-
ment report.

2. An important, continuing need at both
State and local levels is large-scale floodplain
mapping to assist in more effectively administer-
ing existing floodplain management policies.



B. Management Measure: Increase
funding for flood hazard mitigation planning
to as much as $1.5 million annually.

The objective of this measure is (o provide
another funding stream for mitigation planning to
help State and local floodplain managers avoid
impacts associated with major flood events. The
funds would be available to create and update
plans, but not to execute actual flood hazard
mitigation measures.

Overall, this measure is judged to have a
relatively low impact (reduction) on floodplain
damages because of the limited amount of
funding provided by the program when com-
pared to the number of communities requiring
mitigation plans. According to the NFIP Com-
munity Status Book, 5 December 1994, approxi-
mately 3,972 communities are located in flood
hazard areas in the seven-State region under
study. FEMA has commented on this measure
that it anticipates funding considerably more than
30 plans per year. Plans will largely be devel-
oped using local resources and will not require
a high level of funding. It is also anticipated
that only a relatively small percentage of NFIP
participating communities have enough buildings
in the floodplain to be motivated to develop a
mitigation plan. For example, of the over
18,500 communities participating in the NFIP,
less than 800 in the Nation and 128 n the seven
Midwest States examined in this asscssment have
10 or more repetitive loss properties. Realistical-
ly, these communities are likely candidates for
mitigation plans. Many of the 3,972 communi-
ties in the seven States have no development or
only a few structures in their flood hazard arcas
and are not likely to be interested in developing
a mitigation plan or to be funded. Finally, a
number of the communities with significant
flood hazards have already completed mitigation
or floodplain management plans using their own
resources.
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Scenario [I Impacts

C. Management Measure: Locational
requirements and contingency planning
requirements for critical facilities are
tightened to avoid the standard project flood
(SPF) or provide protection against the SPF.

The objective of this measure is to reduce
the risk to critical facilities by increasing the
structural protection around these facilities and
tightening siting requirements for future facilities
within the floodplain.

This measure proposes the structural protec-
tion of all existing hazardous materials produc-
tion, storage and waste facilities, and essential
utilities to meet the SPF, or the relocation of
these facilities and siting of new facilities outside
the SPF.

1. There will be a high reduction (100
percent) in the number of critical facilities with
harmful releases at risk from flooding if ali of
the facilities are protected to the SPF.

2 The number of other critical facilities
at risk would be only moderately reduced be-
cause the measure presumes to require SPF
protection only for hazardous malerials produc-
tion, storage and waste facilities, and essential
utilittes.  Essential and emergency services
facilities would remain at risk from flooding.

3 The implementation costs associated
with planning, designing and constructing struc-
tural protection for all of the hazardous materials
production, storage and waste facilities, and
essential utilities in the seven-State FPMA study
area to meet the SPF will be very high.



D.Management Measure: Community
Development Block Grants (CDBG) through
the Department of Housing and Urban Devel-
opment (HUD) are provided which finance
rciocations in NON-DISASTER situations,
once cost sharing requirements are met by
State/local governments.

The objective of this measure is to provide
States and communities with another funding
stream to be more proactive in acquiring and
relocating flood prone facilities prior to a disas-
ter. (These grants are currently available for the
acquisition and relocation of facilities through
supplemental appropriations that occur afier a
natural disaster. The CDBG program is not
currently a cost-sharing program. Funds are
distributed to the requesting States and commu-
nities with no requirement for matching funds.
The mecasure proposes to change this to a
cost-sharing program, most likely at the standard
Federal match of 75 percent Federal and 25
percent local.)

1. The benefits of mitigation activities
such as acquisitions, relocations and demolition
are high regardless of the funding source, be-
cause these activities eliminate the risk to struc-
tures associated with flooding. The impact
assessment reflects the benefits of funding
mitigation activities in general. It does not
necessarily indicate that the CDBG program, or
a changed program, is the best way to fund
mitigation activities. Further analysis of the
ramifications associated with changing the
CDBG program would be required to determine
whether it would provide the best mechanism for
non-disaster mitigation funding.

2. There will be a low reduction in the
number of critical facilities at risk as a result of
providing CDBG funding for acquisitions and
relocations in non-disaster situations. A large
percentage of these facilities are location depen-
dent, and cannot easily be relocated.
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Scenario 1T Impacts

E. Management Measure: State gov-
ernments as well as Federal agencies are also
required to meet the standards contained in
Executive Order (E.0O.) 11988.

The objective of this measure is to encour-
age States to be mare responsible for floodplain
management by directing all of their agencies to:

. avoid directly or indirectly sup-
porting floodplain development;

° avoid actions located in or af-
fecting the floodplain, unless the
floodplain location is the only
practicable alternative; and

. in the absence of a practicable
alternative, require that actions
be designed or modified in order
to minimize potential harm to or
within the floodplain.

1. This measure will encourage State
governments to more closely follow and assess
the impacts of their actions on the floodplain. It
will, however, only regulate floodplain develop-
ment funded with State monies, not development
which is funded by private citizens and corpora-
tions.

2. Because the E.O. will only regulate
State funded development in the floodplain and
does not address the flood damage risk to exist-
mg facilities, the impact rating is low.

3. This measure may affect the viability
or development costs of private projects in the
floodplain.  Private development would be
affected to the extent that public services or
utilitics would be limited.

4. The Govemor of Wisconsin signed
E.O. 132 in 1992, establishing floodplain man-
agement guidelines for State agencies and creat-
ing a flood hazard interagency coordinating
committee. The E.O. requires all State agencies



proposing to construct new facilities in the 500-
year floodplain to go through an ecight-step
decision process to document impacts and lessen
the risks of losses te floods. The E.O. also
stipulates that public facilities, including addi-
tions to existing facilities which will be owned
or leased by the State, may not be constructed in
the 100-year floodplain unless there is no practi-
cable altemative. Critical facilities which will be
owned or leased by the State may not be con-
structed in the 500-year floodplain unless there
is no practicable alternative,

From an environmental resources perspec-
tive, there were no significant changes in re-
sources identified for the measures under Scenar-
ios 1 and 2. Positive impacts are attributed to
the mecasure requiring State compliance with
standards identified under E.Q. 11988,

From a cultural resources perspective, none
of the measures examined would appear to have
an overriding impact on historical or archaeolog-
ical resources. Increased flood hazard mitigation
planning could assist in identifying historic or
archaeological sites.

Summary: The State floodplain manage-
ment measures examined in this assessment
which appear to have the greatest potential
impact in reducing damages from the 1993
flood, using the evaluation framework matrix,
are those Involving tighter regulation in the
location of critical facilities and increased fund-
ing to State governments to pursuc more flood
hazard mitigation projects. Otherwise, the fact
that six of the seven affected States have had
active floodplain management programs for years
helped reduce flood damages and social impacts
from the 1993 flood to levels below which they
otherwise would have been.

Local Floodplain Management and Zoning
Practices

Scenario 1 Impacts

A. Management Measure: No major
changes in local floodplain management and

zoning trends; standards for participation in
National Flood Insurance Program (NFIP)
generally adhered to.

The abjective of this measure is to identify
local floodplain management policies and pro-
grams, and any changes that have been imple-
mented since the "Flood of 93," as well as the
impact of these changes.

1. Eighty-nine communities have imple-
mented floodplain zoning ordinances or other-
wise adopted requirements for permits regulating
floodplain development in order to qualify for
the NFIP program since the "Flood of 93." The
State of lowa showed the greatest increase m
participation, with 41 communities implementing
new programs to participate in the NFIP. This
represents a 2 percent increase in the total partic-
ipation of the 3,972 communitics identified as
being in special hazard areas. Nearly all the
other communities with significant flood hazard
areas in the Midwest States affected already
participated in the NFIP prior to the flood.

2. The local communities that were con-
tacted in conjunction with this study have not
made any nonstructural (zoning) policy changes
since the "Flood of 93." However, they have
been aggressively pursuing buyout programs and
mitigation planning to help avoid future damage
durning flooding conditions.

Scenano [[ Impacts

B. Management Mecasure: Community
Rating System (CRS) features are promoted;
reduced premiums for structures in partici-
pating communities are increased from the
current 5 percent discount to as much as 20
to 25 percent.

The objectives of this measure are to in-
crease individual participation in the NFIP and to
induce more communities to exceed minimum
NFIP floodplain land use management require-
ments by providing NFIP policyholders with
higher reductions in premiums than are currently
available under the CRS.



1. The potential impact of the present
CRS program is rated low. In general, commu-
nities contacted about the CRS program were
either not familiar with the CRS or felt that it
was not cost effective for them to participate.
Their main concern was that they would have to
carry the financial burden of providing the
programs and protection required to be eligible
for the program but would not receive the bene-
fits the program offered to individuals. From
this point of view, they did not see how they
could fund these programs without passing on
the costs to the ratepayers, which would elimi-
nate the benefits they receive from the program.
FEMA has indicated, as previously discussed,
that many communities in the Midwest could
qualify for 5 or 10 percent discounts based on
activities they already do, but an application has
to be prepared. An explanation for the relative
lack of interest appears to stem from the low
number of NFIP policies in effect that makes
this effort less attractive in the Midwest than in
other parts of the Nation with more floodplain
development. There may not be an adequate
understanding that the "payofl™ for implementing
CRS measures is that they contribute to flood
damage reduction, reduced public expenditures
for emergency services, improved protection of
infrastructure, etc., over time.

2. The communities that are currently
participating in the program did feel that the
increased NFIP premium reductions would
provide an incentive for individual property
owners to purchase flood insurance and pressure
local governments to qualify for even higher
premium reductions. More widespread participa-
tion in flood insurance would lcad to better
floodplain management programs within these
communities.

3. Communities have to develop and
fund programs to qualify for CRS discounts but
do not receive any rcturn on their investment if
only policyholders receive the discounts, While
this perception exists, the number of communi-
ties participating in the program will remain low.
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4. Small communities might have to
commit a significant portion of their budget to
meet the program requirements, while large
communities might already meet many of the
requirements without additional effort.

Scenario 111 Impacts

C. Management Measure: Communi-
ties are required to obtain private insurance
to cover flood losses to public facilities in
order to receive supplemental post-flood
disaster assistance.

The objective of this measure is to shift the
fiscal responsibility for floodplain management
and damages to public facilitics away from the
Federal Government.

1. The initial review of this measure sug-
gested that, because it does not appear to in-
crease protection levels, the potential impact of
this measure is rated low. FEMA observes,
however, that this requirement would probably
increase protection levels, because the cost of
tnsurance is based on the risk of exposure.
Local units of government may have a greater
incentive to protect those facilities at risk in
order to avoid or reduce the costs of insuring
them. Also note that there is already a deduct-
ible in the Stafford Act for infrastructure assis-
tance for buildings that is equal to the amount of
flood insurance coverage that the community
could have purchased.

2. Private flood insurance for public
facilitics scems to be an idea that has caught on
with a number of the communities contacted. In
the case of the Des Moines, lowa, Waterworks,
private insurance saved taxpayers approximately
$5.9 million. In order to retain its private insur-
ance coverage at affordable rates, the Des
Moines Waterworks upgraded its levee and took
other mitigation measures after the 1993 flood.

3. Losses to public facilities were high
in relation to total post flood disaster expendi-
tures. FEMA expenditures for infrastructure
nearly equaled those for human services.



There were nro significant cnvironmental re-
sources identified that would likely be affected
by any of these measures. For cultural resourc-
es, there are concerns that some of these policies
might discourage retention of historic buildings.
But if floodplain development is inhibited,
archaeological resources could be benefited.

Summary: None of the local floodplain
management measures examined in the impacts
matrix table were evaluated as having potential
to make a large quantitative impact with respect
to the 1993 flood event. Nevertheless, actions
such as those examined, when taken at the local
government level, are recognized as important
tools in improving floodplain management and in
reducing future exposure to flood damages. The
most effective approach in some locations may
be to ensure that adherence to existing regula-
tions under the NFIP is achieved at the local
level.

Community Relocation, Flood Hazard Mitiga-
tion, and Land Use Conversion Programs

A more detailed discussion and analysis of
policy and program measures in this category are
presented in Appendix B (Evaluation) for this
report. Significant findings and results from the
analysis that has been completed are summarized
below for the main report. Reference is made to
Column F of the impacts matrix summary tables
(scenarios 1, 2, and 3) for the change of impact
information related to these measures. The basis
for much of the information obtained in the
review of these policy and program measures
was a series of telephone interviews with State
government officials responsible for floodplain
management Or mMeErgency response services in
the Midwest States covered by this assessment,

Scenarip 1 Measures

Three measures have been identified for this
scenario that represent changes in flood hazard
mitigation policics and programs since the
Midwest flood of 1993. They are: 1) FEMA
buyouts of 5,000 or more substantially damaged
structures; 2) increased funding from NFIP
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premiums up to $20 million annually for a
national flood mitigation fund (part of Public
Law 103-325); and 3) increcased Federal cost
share for hazard mitigation and relocation from
50 percent to 75 percent (part of Public Law
103-181).

These measures represent a significant
change in emphasis from past patterns of recov-
ery from major floods. It is evident that acquisi-
tion and removal of substantially damaged
structures 1s growing in preference as compared
to restoration of flood prone areas to pre-flood
conditions. While the up-front costs to complete
acquisitions are significant, there are long-term
advantages by way of future costs avoided for
repetitive disaster assistance, insurance payments,
improved public health and safety, and reduc-
tions of social disruption and emergency re-
sponse costs. The State of Missouri, for exam-
ple, in its use of Federal mitigation funding
assistance after the 1993 flood, has focused
solely on acquisition and relocation of substan-
tially damaged structures as the strategy to
minimize future exposure to repetitive flood
damage.

Based on data supplied by FEMA Region V
and VII offices, FEMA Headquarters, and addi-
tional information provided by State agencies,
8,251 parcels have been approved for mitigation
projects. Most are for acquisition of substantial-
ly damaged residential structures. These involve
177 sites. Total approved cost is $205 million,
of which $4.1 million is from the NFIP's Section
1362 program, $67.1 million from CDBG's,
$21.5 million from the Economic Development
Administration (EDA}), and $105.6 from FEMA's
Section 404 Hazard Mitigation Grant Program.
Based on project justification procedures, it is
judged that at least this amount of damage could
have been avoided to residential and other urban
structures if these projects had been completed
prior to the 1993 flood. Sizable reductions in
emergency response costs, disaster relief, and
flood insurance payouts could also have been
realized il the acquisitions now being pursued
had been completed prior to the 1993 flood.



Both the prospective increase in mitigation
project funding and the increase in Federal cost
sharing for mitigation projects to 75 percent
indicate that a continued emphasis will be placed
on actions that will remove or reduce exposure
to future flooding. Note also that Public Law
103-181 significantly increased the amount of
funding available by changing the formula to 15
percent of FEMA assistance for human services
assistance and infrastructure assistance less
administrative expenses. There is recognition of
the need and support for strengthening State and
local floodplain management capabilities to
address areas with repetitive flooding problems
through mitigative actions, and to guide new
development to locations that will avoid or
minimize exposurc to future flooding. The
prevailing view is that funds spent on advance
mitigation planning and mitigation projects
should result in much greater reductions in future
flood damages and disaster payments.

Scenario 2 Measures

Two measures have been identified for this
scenario in this policy/program area. They are:
1) discontinue Federal leascs of floodplain arcas
for cottages and other private usecs; and 2) ensure
that flood hazard mitigation funds are made
available as quickly as construction funding for
repairs in place.

Over 1,100 private leases on Federal land in
the upper Mississippi River floodpiain are still in
effect. More than half (653) are in Illinois. As
the result of the severity of the 1993 flood,
approximately 100 leases were not renewed by
leascholders. For others, however, disaster aid
and national flood insurance payments were
received, despite language in the standard lease
contract prohibiting such claims against the
Government, There are clearly conflicting
guidelines among Corps of Engineers, FEMA,
and other agencies concerning treatment of these
leased properties. It is inconsistent to encourage
actions by governments and the private sector
that will lead to avoidance of exposure to dam-
aging floods while at the same time subsidizing
private citizens for a privileged access and
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residential use of Federal land  in the floodplain
with known, repetitive flood risk. The problem
is compounded because some of these cottage
sites, instead of being for temporary, recreational
use, have been upgraded to permanent home

sites. Annual lease payments are in the range of
$500 to $600.

This measure has potential to make a sizable
reduction in the overall amount of Federal
disaster aid and insurance payouts that would be
required for a comparable future flood event.
FEMA comments that lease sites may constitute
the single greatest repetitive loss structure cate-
gory. Some of these structures are valued at
$15,000 and have received as much as $100,000
in flood insurance claims and additional disaster
assistance benefits in the last 15 years. The
effect of a measure to end private residential use
of Federal land in the floodplain would mect
several important objectives, including reductions
in property damage, emergency costs, disaster
aid, insurance payouts, and exposure of risk to
life and health from major flooding. It would
also be consistent with what citizens elsewhere
have been encouraged to do in other residential
areas on privately owned lands that suffered
extensive flood damage.

The concept of making the option of flood
hazard mitigation funds available as quickly as
construction funds for repairs in place to sub-
stantially damaged homes is considered very
important by floodplain management and emer-
gency response officials. Otherwise there can be
a temptation to "shop around”" among the Federal
disaster aid programs to obtain the fastest assis-
tance, even if the result is to complete repairs
that leave people vulnerable to repetitive flood-
ing.

FEMA comments that the 1994 NFIP reform
legislation authorizes the agency to provide
coverage in the flood insurance policy for the
cost of bringing buildings into compliance with
local floodplain management regulations (mitiga-
tion insurance). This coverage should be in
effect for new and renewal policies beginning on
October 1, 1596, Payments would be made



through the flood insurance claims adjustment
process. If this coverage had been in effect prior
to the 1993 Midwest flood, several thousand
buildings would have been elevated, demolished,
relocated, or floodproofed in the few months
after the flood. The NFIP reform act defines
repetitive loss structure as one incurring 50
percent or more cumulative damage if flooded
twice within a 10-year period and includes such
structures as eligible for mitigation insurance
coverage, With these reforms in place, it is
evident that in some situations it will lead to
acquisition and removal of substantially damaged
structures instead of repairs to houses at high,
repetitive flood risk.

Scenario 3 Measure

The only measure considered here is for cost
shared funding, by the combination of Federal,
State, and local governments, to be made avail-
able to acquire all structures repeatedly and
substantially flooded. The Interagency Review
Committee report (June 1994, Table 8.1, p. 126)
identified more than 3,700 structures in the
National Flood Insurance Program in the nine
Midwest States that were repetitively damaged
over the period 1978-1993. More than 57 per-
cent of these structures are in Missouri. There
are undoubtedly other structures with repetitive
flood problems that are not a part of the flood
insurance program. The priority for this measure
would be on those structures that are a part of
the NFIP.

It would appear that many of these structures
are under consideration in the large number of
flood mitigation projects currenily being re-
viewed and implemented. More specific infor-
mation relevant to this measure may be devel-
oped over time as a number of the Midwest
States and communities complete more detailed
hazard mitigation plans. There is no reliable
quantitative data available of the potential cost to
expand mitigation projects involving acquisitions
over time. The 1993 flood provides a perspec-
tive for what the additional costs might be, as
well as the potential for reducing future emer-
gency response and disaster relief costs associat-
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ed with areas experiencing substantial, repetitive
flooding.

The only measure in this policy/program
category identified as significantly affecting
environmental resources of the floodplain is the
Scenario 3 measure for pursuing buyouts of all
substantially damaged structures. A positive
impact on public lands and number of recreation
sites was noted. From the cultural resources
perspective, there is concern that actions to
mitigate or relocate structures could harm his-
toric resources.

Summary: Several of the flood hazard
mitigation measures examined would have had a
significant impact had they been in place at the
time of the 1993 Midwest flood. Acquisition of
propertics known to be at risk of repetitive
flooding has already led to removal of structures
that otherwise would have been substantially
damaged once again in Missouri as of the time
of this writing in mid May 1995. The increase
in Federal cost share for mitigation projects from
50 percent to 75 percent, on par with the stan-
dard Federal cost share for disaster assistance, is
important; even more important is the change in
the FEMA funding formula that allows 135
percent of all FEMA disaster assistance to be
applied to the Hazard Mitigation Grant Program.
The increasing emphasis on mitigative approach-
es in flood disaster response represents a signifi-
cant shift in action from the historical emphasis
on restoration of flooded areas in kind and in
place as quickly as possible. The result should
be reductions in the need for and amount of
future Federal disaster assistance in areas known
to be at risk of repetitive flooding.

Flood Disaster Relief Programs

As with the previous section, a more detailed
discussion of flood disaster relief measures is
presented in Appendix B (Evaluation) to this
report. Significant findings and results from the
analysis that has been completed are summarized
below for the main report, Reference is made to
Column G of the impacts matrix summary tables
(scenarios 1, 2, and 3) for the change of impact



information related to these measures. The basis
for much of the information obtained in the
review of these policy and program measures
was a series of telephone interviews with State
government officials responsible for floodplain
management Or emergency response services in
the Midwest States covered by this assessment.

Scenario 1 Measure

The only measure considered here is contin-
uation of existing Federal agency disaster relief
programs. This measure prompted not so much
a review of possible changes in impacts from
flooding but an opportunity to suggest what
could be improved. The general reaction is that
the Federal disaster response was more effective-
ly provided for the 1993 Midwest flood than for
prior large-scale natural disasters.

The formation of interagency recaovery
groups or task forces involving both State and
Federal agencies, and the functioning of the
FEMA Interagency Hazard Mitigation Teams,
proved to be valuable in improving coordination
and delivery of services and should be continued
in conducting future post-disaster response ac-
tions. There is a desire for more flexibility and
discretion at the State and local levels in deter-
mining how disaster relief funds can best be
applied. Other suggestions'include the need for
a single environmental review standard and
process in implementing disaster relief and flood
hazard mitigation projects; a single buyout
program community application instead of
separate applications for FEMA and HUD, and
a broader consideration of non-quantifiable
impacts to social welfare, health, and community
well-being needs in determining the justification
for hazard mitigation projects that go beyond
what is currently considered in benefit-cost
analyses for these projects.

Scenario 2 Measures

Two measures ar¢ considered in this scenar-
10. They are: 1) all disaster assistance is strictly
cost shared at 75 percent Federal/25 percent non-
Federal and made consistent across all Federal
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relief programs; and 2) public assistance grants
to communities not in the National Flood Insur-
ance Program are greatly reduced.

The first measure reflects the concern that
the Federal Government is assuming more and
more responsibility over time for disaster recov-
ery costs. Disaster assistance has become a
Federal program and benefit that unfortunately
has come to be looked upon as an entitlement.
In the process, there may be a "disincentive" for
State and local governments and individual
citizens and businesses to take appropriate
advance planning, mifigation, and insurance
decisions to better avoid or cover the risks of
extraordinary flooding, When the Federal Gov-
ernment increases its cost sharing burden to
greater than 75 percent, this serves to raise
expectations of how recovery costs for future
disasters will be treated. A recent pattern, for
the largest disasters, at least, is that States claim
they cannot afford the required 25 percent
State/local cost share and request the Federal
Government through FEMA to assume 90 to 100
percent of the disaster costs. The view has been
expressed, even by State officials, that the focus
should shift from "How do we obtain even more
Federal disaster funds?" to "How do we improve
our floodplain management and mitigation
programs lo avoid future flood damages?".

If the 75 percent limit to the share of emer-
gency response and recovery costs of ALL the
Federal agencies (not just FEMA)} had been
applied during the 1993 Midwest flood event, it
is estimated that a reduction of Federal expendi-
tures on the order of $375 million might have
been realized. The real objective of the measure,
however, is not simply to reduce Federal expen-
ditures, but also to encourage greater emphasis
on flood hazard planning and mitigative actions
that emphasize avoidance or minimizing of
exposure to repetitive flooding problems. This
responsibility is recognized as needing to be
assumed to a preater extent at the State and local
government level and by businesses and house-
holds in the private sector. A State agency
comment noted, however, that a strict 75 percent
Federal cost share might well have resulted in



fewer acquisition and relocation projects being
completed.

In a similar manner, limiting public assis-
tance grants to communities who are not enrolled
in the National Flood Insurance Program is
intended to prompt greater attention to potential
flooding problems in those communities not
currently enrolled.  Otherwise, it "rewards”
communities who fail to take actions to protect
themselves from repetitive flooding problems if
they recetve disaster aid to the same extent as
communitics who have taken steps to obtain
insurance and meet other NFIP standards.
Sometimes the problem is not recognized or
confronted until a request for a Federal disaster
declaration is NOT approved, and the local
community and State are faced with the costs of
recovery on their own.

State agency officials are supportive of this
concept and yet recognize that most States are
doing relatively little on their own at this time to
formally review or require compliance with
NFIP standards. There appears to be little
follow-up by way of funding, monitoring, or
enforcement to ensure that recommendations of
the FEMA Interagency Hazard Mitigation Team
reports subsequent to Federally declared disasters
are implemented.  One suggestion is to link
other State funding allocations to local communi-
ties based on how well commumtics address
repetitive flooding problems. Data was not
obtamned that would allow an estimate to be
made of how many emergency response and
recovery dollars were provided to non-participat-
ing communities in the aftermath of the 1993
flood, If this measure were taken, there would
presumably be an increase in insurance protec-
tion purchased by local communities for their
public facilities at risk of flooding, and a height-
ened sensitivity to plan future community devel-
opment in ways that avoid increasing exposure
to flood risk.

Scenario 3 Measures

Two measures arc included here: 1) post
flood disaster relief is eliminated for communi-
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tiecs and individuals within designated STAN-
DARD PROJECT FLOOD outline arcas not par-
ticipating in the National Flood Insurance Pro-
gram; and 2) repeat flood DISASTER payments
to individuals and communities are eliminated.

These measures are directed at pgreatly
expanding the definition of areas at risk of
flooding and greatly penalizing those individuals
and communities who fail to ensure continuous
participation in the NFIP despite being located in
areas of repetitive flooding. The first measure
would require a much enlarged national flood
insurance program and mapping effort. The
feeling of many State officials is that there are
enough challenges to improve the mapping,
increase participation, and ensure compliance
with existing NFIP requirements. A more im-
portant step to be considered at this time should
be to focus atiention and pursue mitigative
actions on repetitive loss situations within the
100-year flood risk zone.

The second measure was also considered
quite extreme and too arbitrary. There is support
for the concept of tyving disaster aid to the devel-
opment and implementation of flood mitigation
plans that deal with chronic flood problems at
the local level.

While Federal disaster relief and emergency
response  expenditures could be significantly
reduced under this scenario, there would be a
substantial increase in mapping costs necessary
to implement the first measure, and a shifting of
disaster response costs to State and local govern-
ments and the private sector with both measures.

There were no environmental floodplain
resource changes attributable to the measures
examined in this policy/program category. There
was concern that, with the potential for reduced
disaster assistance, historic resources might be
detrimentally affected.

Summary: The flood disaster relief
measures that were examined are of some impor-
tance as tools to be considered in responding to
flood damages. To the extent that more of the



financial responsibility for flood disaster relief is
shifted from the Federal Government to other
levels of government and the private sector,
incentives may be created that will lead to
approaches emphasizing avoidance of flood
damages instead of responses to flood losses
after they occur. To the extent that greater
reliance on flood insurance coverage by individ-
uals, businesses, and communities is encouraged,
there will be less need for extraordinary flood
disaster related expenditures. Damages would be
covered more on a "pay as you go" basis, which
is what mmsurance 1s designed to accomplish.
The changes in Column G of the impacts matrix
tables show this change in emphasis, with reduc-
tions in disaster expenditures relative to the 1993
event but increases generally in insurance
payouts. Thercfore, applying stricter standards
in qualifying for flood disaster assistance; limit-
ing the amount of disaster assistance; and en-
couraging greater participation in flood insurance
programs instead of reliance on disaster relief
may all be useful tools in placing greater respon-
sibility in the hands of those who gain advantag-
es from their floodplain location. This would
especially be the case in areas known to be at
repetitive flood risk,

Floodplain Wetland Restoration Programs

Introduction

Six measures in the Floodplain Wetland
Restoration Program issue area were examined
as part of the Floodplain Management Assess-
ment cffort to consider “nonstructural” policy
and program options that may reduce future
damages and flood stages caused by extreme
flood events like the one in 1993. This set of
existing, modified, or new policies and programs
was also reviewed in terms of floodplain land
use changes that might offer a more optimal mix
of floodplain outputs. The goal was to consider
a range of floodplain and wetland restoration
programs and was not intended to be exhaustive
1n scope.
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Analvtical Approach

Numerous reports and documents were
reviewed to determine the major programs which
exist to promote floodplain restoration. The
Federal agencies involved in restoration activities
were contacted to help develop gencral descrip-
tions of the programs available, the extent of
acquisitions/relocation, and the funding levels.
Although an attempt was made to obtain data
at the FPMA study reach or county level, most
data were available by State. Assumptions used
to extract floodplain specific information from
these data are described under the discussion for
each measure, Most of the specific data on
various programs including acreages enrolled and
acreage in the floodplain were provided by
Natural Resources Conservation Service (INRCS)
staff. The States involved in the analysts of
these floodplain wetland restoration programs
are: Illinois, lTowa, Kansas, Minnesota, Missouri,
Nebraska, and Wisconsin.

Many of the existing programs have been
established with different primary goals, such as
water quality improvement, waterfow! habitat en-
hancement, soil loss reduction, etc. 1t must be
noted that not all individual wetlands provide all
of the functions and related benefits attributed to
wetlands in general. While the policies consid-
ered under this issue area deal mainly with
"wetland" restoration, the actual flooding of the
floodplain, as discussed in Chapter 3, is critical
for the maintenance of the floodplain-river
ecosystem and its associated natural functions
and outputs. Thus, true natural "floodplain” res-
toration requires an establishment of the natural
hydroperiod. The impacts of such structural
modifications are discussed in Chapters 8 and 9,
but should ultimately be considered in concert
with the policy options discussed here.

Because land use changes are at the heart of
the environmental impact categories, consider-
able effort was made to quantify acres affected,
even though numerous assumptions often had to
be made. These assumptions are described along
with the estimates of effects and costs. Because



of the spatial scale considered in this assessment,
our environmental impact categories were chosen
to simply show changes in wetland acres as the
indicator of environmental health or integrity,
realizing that a wetlands location and hydrology
are the ultimate determinants of its function.

Scenario 1 Measure

A. Existing wetland protection and restora-
tion policies assumed to continue with-
out major change.

A brief description of the 21 programs in 12
different Federal departments, agencies, or
setvices that were reviewed is included in the
Evaluation appendix (Appendix B) to this report.
Numerous other programs exist with local, State,
national, or international scope that offer a wide
range of opportunities for wetland protection and
restoration, This analysis does not intend to
diminish the importance of those programs but
rather, because of the systemic approach and
large study area constraints of the FPMA, only
considers major Federal programs having both
local and national impact.

The major Federal floodplain wetland resto-
ration programs which result in direct conversion
of land are administered by FEMA, the U.S.
Department of Agriculture, and the U.S. Fish and
Wildlife Service (USFWS). The major programs
currently affecting large acreages of wetlands
through protection or restoration are the Wetland
Reserve Program (WRP), Emergency Wetland
Reserve Program (EWRP), and Conscrvation
Reserve Program (CRP),

Land use conversions after flooding due to
FEMA mitigation, buyouts, and other existing
programs result in increases in riverfront park,
recreation, or wetland acreage. Acquisitions and
relocations following the 1993 flood totaled
nearly 6,000 (this number will likely continue to
increase). If the acreage per property ranged
from 0.2 to 0.75, total acres converted would
range from 1,200 to 4,500. The end use of this
land is for open space or recreational purposes,
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as regulated by the Volkmer Act of 1993, Such
a conversion prior to 1993 would have had
minimal effect on the 1993 flood event in terms
of flood stage levels and damage reduction.

However, the major floodplain/wetland resto-
ration or protection programs do not occur in
urban areas, bul rather in rural, agricultural
areas. To estimate the number of acres of
wetland that would be restored or protected
pnder this measure, several assumptions were
made. These are described below along with the
estimates of acres affected and costs of imple-
mentation.

Wetland Regerve Program - Of the
program goal of 1 million acres, 22 percent

{based on existing sign-up) are assumed to be in
the FPMA States. Fifty percent of enrolled
WRP acres are assumed to be in the floodplain.
These assumptions lead to approximately
105,000 additional acres restored if the program
meets it goals. Of this amount, approximately
75 percent would revert to forested wetland and
25 percent would revert to non-forested wetland.
Based on an average to date cost for this pro-
gram of $907 per acre, a total cost of ~$95 mil-
lion would be expected.

Emergency Wetland Reserve Program -
NRCS data indicate that as many as 50,000 acres
will be enrolled in the program. Wetland Resto-
ration Plans have been prepared on 25,000 of
these acres as of January 1995, and landowners
are in the process of recording the easements on
these acres, This leaves 25,000 acres vet to be
enrolled. Program rules state that at least 75
percent of the land being enrolled must be
"wetland." Under this measure of continuation
of existing policy, it is estimated that an addi-
tional 18,750 wetland acres would be restored in
the FPMA study area. Cost of the program is
expected to reach roughly $50 million.

Conservation Reserve Program - The
amount of CRP land already existing in the
FPMA study area floodplain at the time of the
flood was not readily obtainable. Thus, in




consultation with NRCS staff and using esti-
mates of flood prone cropland (see discussion for
Agricultural Support Policies in Appendix B), it
is assumed that at the time of the flood, 212,000
acres were enrolled. Since this scenario measure
assumes programs continu¢ with no change, no
increase or decrease in CRP acres is estimated.
Assuming that 10 percent of these CRP lands are
wetland, 21,200 acres of wetland would continue
to be protected. No acres are included in matrix
table 1 because the tables only show changes.
No additional costs would be incurred beyond
existing costs.

Other Programs - As discussed above,
there are a number of other current programs
that have goals of restoration of floodplain and
floodplain wetlands. Because of the difficulty in
estimating acres enrolled in the floodplain, and
specifically the FPMA study area, it was as-
sumed that these additional programs would
contribute 10 percent of the three major pro-
grams (EWRP, WRP, CRP). Under scenario 1,
this would amount to approximately 23,000
acres. Costs were estimated assuming $1,500
per acre for agricultural conversion (King and
Bohlen, 1994; NRCS, pers. comm.) resulting in
~$34 million.

Scenario 2 Measures

B. Increased funding for Refuge Revenue
Sharing Act is provided to cushion
local governments’ tax base from
land conversion effects.

Funding for this program comes from refuge
receipts and from special Congressional appro-
priations. In some years, Congress has not
funded the program, so the Fish and Wildlife
Service has had to reduce payments. Only those
lands within the Wildlife Refuge System, either
through purchase or gift, are eligible for pay-
ments.

A residential/commercial test case to illus-
trate impact to tax revenucs resulting from such
land conversions is provided in Appendix B.

Since most of the lands within the Wildlife
Refuge System are outside centralized urban
areas, it is expected that program impact to
residential or commercial area conversion is
insignificant.

A case study for farmland conversion is the
Louisa County Levee District #8 buyout. The
Fish and Wildlife Service added Iowa lands of
approximately 3,000 acres, formerly known as
Louisa County Levee District Number 8, to the
Wapello District of the Mark Twain National
Wildlife Refuge. To offset annual income
received from county property taxes by previous
landowners ($16,040), a revenue-sharing pay-
ment under the authority of the Refuge Revenue
Sharing Act was proposed. The Environmental
Assessment, dated April 1994, stated that a
formula was used to calculate a full entitlement
payment of $12,962. However, due to anticipat-
ed congressional appropriations for this program,
payments would be reduced to 90 percent of full
entitlement, or $11,666. The assessment states
that “Although it appears that the county would
lose tax money,...it is reasonable to expect that
the county would adjust downward its assessed
value of properties severely damaged by flood-
ing."

While increased funding for this program
will cushion local governments® tax base from
land conversion effects, the payments o be made
to these local interests are limited by the number
of acres eligible for enrollment in the Wildlife
Refuge System and will be mainly limited to
rural areas. A broader program to minimize the
impact of lost tax revenues resulting from land
conversions would be beneficial and could
reduce some of the opposition to these programs.



C. Stream and riparian restoration program
established with Federal funding and
technical assistance from the Depart-
ment of the Interior (DOI), U.S. De-
partment of Agricuiture (USDA),
and/or the Environmental Protection
Agency (EPA).

Increased funding under this measure for
administration, technical assistance, and acquisi-
tion will enhance existing programs or create a
completely new program, and lead to a more
coordinated Federal, State, and local restoration
effort, possibly through goals established in
interagency ecosystem management plans. There
are numerous existing programs that deal with
stream and riparian restoration, although most
deal more generally with wetlands (se¢ measure
A above and Appendix B). This policy change
would also involve a modification of the process
for determining land acquisition prionties and
procedures to acquire land, and assumes that
targeted arcas would be smaller strecams and
tributaries and not the main stem rivers that are
the primary emphasis of this assessment. The
Interagency Floodplain Management Review
Committee Report (1994) discusses the impor-
tance of such a program (pgs. 95 and 109).

Riparian ecosystems are being degraded and
destroyed throughout the United States. The
lower 48 States originally contained 75 to 100
million acres of indigenous, woody riparian
habitat, but today only 35 million acres remain
in nearly natural condition (FIFMTF, 1992),
The remainder have been inundated by reser-
voirs, channelized, dammed, riprapped, converted
to agricultural use, overgrazed, paved, or altered
by a combination of factors. These impacts have
impeded their ability to stabilize and maintain
the biological diversity of their own watersheds.

Because the amount of existing and potential
habitat and the quality of that habitat is not
known for the smaller nivers and streams that
would be targeted by this program, we chose to
assume that the budget for such a program
would be similar to other national restoration
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programs, such as the Wetland Reserve Program,
Ideally, the amount and priority of riparian
habitat required to meet defined eccosystem
management goals would be the basis for deter-
mining the costs required for such a program.

Assumptions for the WRP are based on the
current eight-State FPMA study area sign-up of
22 percent of the total national program sign-up.
This would allocate $220 million to the FPMA
States, based on the estimated $1 billion WRP
program costs, if the goal of 1 million acres
protected is met. As stated above, this budget is
hypothetical and was used simply to gauge the
impact of the proposed program. Assuming the
cost of restoration, easements, etc. is $1,000 per
acre, this budget would result in 220,000 acres
of riparian habitat protected or restored. Assum-
ing a 100-foot buffer strip is the average width
protected, approximately 9,200 river miles (24
acres per mile) could be affected by this program
{slightly more than 1,100 river miles per State).

Since most of the stream habitat targeted by
this program would not be in the FPMA base
study arca, the acres protected do not appear in
the scenario 2 mairix table. However, it is
estimated that 209,000 floodplain forest acres
and 11,000 non-forested wetland acres would be
protected or restored.

Riparian restoration would result in some
cconomic benefits through prevented damages.
However, indications are that the potential for
damage reduction would be minimal for events
similar to the 1993 flood. Although not specifi-
cally evaluated in this assessment, it appears that
the economic benefits would accrue primarily
from prevented damages during the more fre-
quent events and would be localized in nature.

However, the major benefits of riparian
restoration, especially on smaller tributaries and
streams, as assumed here, are related to their
ecosystem functions. Riparian habitats are
unique in their linear form; they have very large
energy, nutrient, and biotic interchanges with
aquatic systems on the inner margin, and upland



terrestrial ecosystems on their outer margin; they
are connected to both upstream and downstream
ecosystems; and they serve as important migra-
tion corridors, The fact that only 35 percent of
the original riparian ecosystems in the lower 48
States remain intact today points out the need for
a specific program directed toward their protec-
tion and restoration.

D. Floodplain wetlands targeted for priority
enrollment in the Wetlands and Emer-
gency Wetlands Reserve Programs.

This measure would direct more funds to
floodplain wetlands in the Wetland Reserve
Program than currently occurs. Since the EWRP
specifically targets floodplain wetlands, there
will be no change in acres protected with that
program.

States have experienced an overflow of re-
quests to enroll in this program. South Dakota,
Iilinois, Kansas, and Nebraska received no
allocation in 1992 (first year of the program), so
easement acres converted for these States pre-
flood are zero. The 1994 allocation and program
activity for the WRP was still with the Agricul-
tural Stabilization and Conservation Service
(ASCS) (now part of the Consolidated Farm
Service Agency, CFSA). For Fiscal Year 1995,
the Natural Resources Conservation Service
(formerly the Soil Conservation Service (SCS)),
is administering the program. Fund allocations
and acres affected by the program are shown in
Table 7-1.

The Emergency Wetland Reserve Program
(EWRP) was authorized by the “Emergency
Supplemental Appropnations for Relief from
Major Widespread Flooding in the Midwest Act
of 1993.” Participation is limited to those States
affected by the 1993 flood. The following
criteria prescribe priorities for inclusion of lands
submitted in the EWRP:
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A. Protection and enhancement of habi-
tat for migratory birds and wildlife,
including the contribution the resto-
ration of the land may make to
threatened and endangered species.

B. Potential for floodway expansion.

C. Proximity to other protected wet-
lands.

D. Restoration potential of wetland
hydrology.

E. Intrinsic wetland functions and val-
ues.

F. Potential for successful restoration
of wetlands values.

G. Costs of casement acquisition and
restoration of wetland functions.

H. Other relevant and/or nondescript
considerations.

The initial emergency supplemental appropri-
ation was $15 million to enroll approximately
25,000 acres. There were no expenditures in
1993. Funds are allocated by State. Total Fiscal
Year 1995 allocation is $28 miilion but some of
these funds may be pulled back. The cutoff date
for applications under the EWRP was December
31, 1994. Applications approved as of February
1995 are shown in Table 7-2.

To estimate the number of acres of wetland
that would be restored or protected under this
measure, several assumptions were made. These
are described below along with the estimates of
acres affected and costs of implementation.

Wetland Reserve Program - Of the
program goal of 1 million acres, 22 percent
(based on existing sign-up) are assumed to be in
the FPMA States. Because floodplain wetlands
are "targeted” under this scenario 2 policy mea-
sure, we have increased the estimated percentage
of enrolled WRP acres in the floodplain to 75
percent. This leads to approximately 157,000
additional acres restored if the program meets it
goals. The cost would be ~$142 million based on
current program expenditures.




Table 7-1
Wetland Reserve Program Allocations

EY Allocation Targeted Acres**

922 $46 million 50,000.

94 $66 million 75,000

95 $93 million no cap (approx. 115-120,000)
96 $230 million (requested for 96)

* Takes ~18 months to process from time the landowner applies. All appraisals are completed and

commitments made, so recordation should start soon.
** Note that these are nationwide target acres.

Table 7-2

Acres Converted
39,000 recorded
none recorded yet*

Emergency Wetland Reserve Program Applications

Applications Cost

State Approved Acres ($1.000)
Illinois 12 1,300 1,450
lowa 380 34,000 27,000
Kansgas 4 137 120
Minnesota 39 1,892 2,639
Missouri 143 15,540 11,266
Nebraska 10 200 170
South Dakota 25 4,185 1,745
Wisconsin No applications received

TOTAL 613 57,254 $44.390

Emergency Wetland Reserve Program -
Since the EWRP already targets floodplain
wetlands, no differences from scenario 1 would
be seen. There is a potential to enroll 50,000
acres in the program and 75 percent or more of
those acres must be wetland (under current
program rules), resulting in a total of 37,500
acres (18,750 above what had already been
enrolied and planned as of January 1995) at a
cost of $50 million,
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E. 52 million annual funding for land acquisi-
tion for habitat improvement under
the Upper Mississippt River Environ-
mental Management Program is pro-
vided.

This measure would expand the list of
implementable solutions considered in habitat
restoration planning under the Environmental
Management Program (EMP) to alleviate habitat
quality problems on the Upper Mississippi River.
Habitat Rehabilitation and Enhancement Program



(HREP) Projects were authorized as part of the
Upper Mississippi River System Environmental
Management Program, under the Water Resource
Development Acts of 1986 and 1990. These
projects involve the expenditure of $150 million
over a 15-year period (1988-2002) for habitat
rehabilitation and ¢nhancement on public lands
that lie in and along the Mississippi River from
St. Louis to Minneapolis-St. Paul, and the lower
80 miles of the Illinois River. The habitat
projects are proposed by the States and the U.S.
Fish and Wildlife Service, developed and de-
signed by interagency planning teams, and
engineered and constructed by the Corps of
Engineers.

Although "acquisition of wildlife lands" was
part of the original 1985 implementation frame-
work for the EMP, land acquisition was only
recently approved as an authorized habitat
project component (31 Oct 94 letter from John
Zirschky). All State EMP partners share a desire
to consider projects that invelve land acquisition
(either as an incidental feature of a habitat
project such as dredged material placement, or as
a primary tool for restoration such as land con-
version to floodplain habitat. It is not envi-
sioned that one very large land acquisition
project would be undertaken, but several projects
that include smaller parcels. Acquisition would
likely be done in conjunction with projects
alrcady in the EMP slate. Given this new initia-
tive, a reprioritization of the remaining projects
could result in improvement of the overall value
of the full roster of EMP projects.

Land acquisition would be for fish and wild-
life preservation, enhancement, or restoration and
must include active construction and/or operation
and management measures to improve the habitat
value over the value in its current condition.
Any flood damage reduction offered should be
recognized as ancillary benefits.

To quantify the impacts from this policy
measure, it was assumed that the policy was in
place at the time significant project construction
and funding for EMP began (1988) and that
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most acquisition occurred within the floodplain.
This determination was based on discussions
with HREP and EMP project managers and
examples of HREP's with land acquisition com-
ponents to date. It was also assumed that land
was acquired at a 1:] ratio of non-wetland to
wetland. Although this is a smaller ratio than
usually occurs for waterfowl habitat acquisition
or land treatment programs, it was chosen based
on the previous assumption that most acquisition
would occur in the floodplain close to the HREP
problem arca. Average cost used per acre of
non-wetland was $750 and of wetland was $300,
based on averaging the costs shown for existing
acquisition programs, Land acquisition was
assumed to be cost-shared 75 percent Federal
and 25 percent non-Federal, the same as current
policy (thus providing $2.67 million total avail-
able funding). Under these assumptions, the
acres that could have been purchased under this
plan up to 1993 are ~5,000/yr or ~30,000 acres
total {11,250 forested wetland, 3,750 non-forest-
ed wetland, and 15,000 non-wetland).

Scenario 3 Mecasure

F. New funding is provided to initiate a Low-
er Missouri River Environmental
Management Program, with land
acquisition for habitat improvement
allowed.

This measure would expand the available
Federal habitat restoration programs to alleviate
Lower Missouri River habitat quality problems.
There currently is no environmental management
program for the Lower Missouri River like the
on¢ described above under measure E for the
Upper Mississippi River. Many of the findings
of the existing EMP as well as other large
floodplain river studies would likely be expand-
ed, applied and tested under a Missouri River
EMP. Some of these findings have been dis-
cussed by the Environmental Management
Technical Center (EMTC) (1994), summarized
by Welcomme (1994) and reinforced by Delaney
(1994).



Current models assume an integral
relationship between the main channel of
the river and its floodplain and accept
the flood pulse and morphological diver-
sity arising from it as the major driving
Sfactor in such ecosystems. A series of
ancillary considerations such as connec-
tivity are accepled as expressions of
river integrity.

It is generally appreciated that rivers
and their fauna are very resilient and
that measures to improve or rehabilitate
them can produce rapid positive re-
sponses within the system. In general,
rehabilitation should be guided by the
principle that if you provide the right
conditions of structure and hydrology
nature will take care of the rest.

Current theories on floodplain function
predict that the area needed for an
improvement lo the biota is probably
relatively small and could lead toward
resforation in the jorm of a string of
beads with a series of floodplain patches
connected by more resiricted river corri-
dors. A primary research role of the
Environmental Management Technical
Center, in fact, is to help define these
floodplain connections.

Existing acquisition programs on the flood-
plain of the Lower Missouri River include: (1)
creation of the new Big Muddy National Fish
and Wildlife Refuge, encompassing about 6,000
acres in Missouri; (2) the Partnership for Mis-
souri Wetlands, involving about 32,000 acres
(fee or easement) across 25 counties in Missouri
by a variety of Federal and State agencies, non-
governmental organizations, and private land-
owners; (3) the Missouri River Fish and Wildlife
Mitigation Project, administered by the Kansas
City and Omaha Districts of the Corps, which
has targeted the acquisition of 14,600 acres in
Missouri, 950 acres in Kansas, 7,200 acres in
lowa, and 7,150 acres in Nebraska (SAST,

1994:131); and (4) the Wetland Reserve Program
(discussed under measures A and D above, under
measure B below, and in Appendix B).

Because of the limited amount of public land
on the Missouri River compared to the Missis-
sippi River, it was assumed that a Missouri River
EMP would require a larger land acquisition
budget. Habitat projects would be defined by
the participating States and the U.S. Fish and
Wildlife Service and would most likely be
prioritized according to goals identified in antici-
pated ecosystem management planning. Land
acquisition for the Missouri River EMP would
likely be a primary tool for aquatic habitat
restoration on the Missouri River. Assuming a
budget of $10 million for land acquisition, a 10-
year program, and cost sharing and cost assump-
tions as in Measure E above, up to 250,000 acres
of land could potentially be acquired. This
could result in approximately 94,000 acres of
forested wetland, and 31,000 acres of non-forest-
ed wetlands restored or preserved, with the
remaining 125,000 acres as non-wetland.

Cultural Resources Assessinent

Scenario 1 - Under existing wetland protec-
tion and restoration policies, cultural resource
impacts are generally taken into consideration
since Federal involvement (permitting, funding,
etc.) is a critical part of these undertakings.

Overall, the effect on structures and archaeologi-
cal sites is judged to be slightly negative (7....,
® ..*% simply because mitigation is generally
chosen in favor of cultural resource preservation.

Scenario 2 - Cultural resource impacts from
increased funding of wetland restoration, im-
provement, land acquisition, and other assistance
would have generally neutral impacts to historic
structures which are probably few and far be-
tween in the lands proposed for these measures.
Archaeological sites could both benefit and
suffer from these measures. Positive archaeclog-
ical impacts derive from abandonment of agricul-
tural activity, while negative impacts would




occur with land modification activities associated
with restoration and improvement.

Qverall, the effect on structures is judged to be
neutral (°....0....."") while the effect on archaco-
logical sites is judged to be somewhat negative

(5%,

Summary: The differences in the three
scenarios show how simple changes in targets
for a given program can have major impacts on
wetlands and other land use in the floodplain.
For example, a reduction in CRP acres described
in Scenario 1 would likely negate any increased
protection offered by the other two programs.
Obviously, there are many ways to meet goals of
various agencies and organizations, but if pro-
grams are made to recognize commaon goals,
greater benefits would ultimately be scen. An
increase of 10 to 25 percent in wetland acres
restored or protected would have large benefits
for the floodplain-river environment, but this
would represent only an 8 percent decrease in
total floodplain agricultural lands. Targeting
marginal lands throughout the system in this way
might help minimize impacts on the local tax
base, while¢ beginning to establish natural (not
protected behind levees) floodplain patches that
are needed to improve the biota of the system.
It should be noted that, of these major programs
analyzed, the EWRP is the only strictly "flood-
plain" program. However, impacts in the
upland watershed, though not estimated in this
assessment, could have wide-reaching effects on
the floodplain/river system duec to water quality
and water retention effects over the life of the
program.

Agricultural Support_Policies
Floodplain Use

Related to

An initial and obvious question to ask, when
looking at floodplain policies and program
measures, 1§ whether law, regulation, and eco-
nomics are working together or are at odds with
one another to achieve desired results. Laws and
regulations are more difficult to write and to
enforce if they are in conflict with perceived
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cconomic incentives and disincentives. To
provide economic incentives that are not in
accordance with stated goals is to guarantee
incomplete success. The questions we wished to
address, then, were whether agricultural subsidies
encourage farming in the floodplain and, if so, is
this necessarily undesirable.

Although the numbers vary greatly from
farm to farm, it is not unreasonable to assume a
needed return of $100 per acre land rent and
normal profit. According to analysis done by
USDA personnel, an average subsidy amounts
to $25 to $85 per acre on floodplain farmland in
the study area. Obviously, the subsidy is impor-
tant. It is estimated that producers will farm as
close to a river as the 2-year floodplain.

it was not possible in this assessment to
determine what level of risk the farmer would be
willing to bear if not subsidized but it is obvi-
ously less than if subsidized. However, the
incremental costs of planting higher risk acres is
so small compared to the possible returns from
a good harvest that the individual farmer, accus-
tomed to the risks involved in agriculture, is
likely to decide to plant where it may not be
indicated on an annualized benefit basis. Agni-
cultural subsidies such as deficiency payments,
disaster payments, and subsidized crop insurance
clearly reduce or e¢liminate risk. The conclusion
then is obvious: that such policies encourage
farming in the floodplain.

The subsidy may or may not be a goad
investment for the Nation. Benefits include
lower consumer prices and increased exports, yet
some costs, such as those to the riverine ecosys-
tem, may not be adequately addressed. If subsi-
dies go inefficiently to cover repetitive losses,
money may also be wasted. In addition, faimess
must be a principle in government policy. Much
more disaster assistance goes to agriculture for
other reasons, particularly drought, than for
flooding. Additional causes include hurricanes,
tornadoes, wind, hail, and early frost.



Calculating Agricultural Loss

An additional important question to ask,
when looking at floodplain pelicy and program
mecasures, is what arc their true effects on the
farm economy. The questions are to what extent
losses to regional farmers are offset by gains to
other farmers and to what extent government
disaster assistance is offset by savings in defi-
ciency payments and loan supports,

There were reductions in both deficiency
payments and in commodities being put under
loan in 1993. Deficiency payments for [llineis,
Kansas, Missouri, South Dakota, and Wisconsin
were about $1.5 billion in 1991 and 1992 but
dropped by more than $200 million in 1993,
Agricultural commeodities put under loan totaled
796 million bushels in 1991, 1,200 million
bushels in 1992, only 428 million bushels in
1993, and back up to 1,500 million bushels in
1994. There definitely was a decrease in need
for these programs and a decrease in government
expense associated with these programs.

Aside from those findings, the analysis gets
clouded. It was beyond the scope of this assess-
ment to determine how much of the lack of
participation in these programs was driven by
high prices and how much was driven by having
fewer farmers, those who were not flood victims,
participating in the market in that year. The
effects of grain storage, the buying and selling of
commodity futures, large international transac-
tions, and government programs and policies
make it difficult to correlate supply and demand
shocks through price history. It is safe to as-
sume that government disaster payments were
offset to some degree by smaller expenses than
normal in these other programs and it is reason-
able to say that farmers not affected by severe
weather had gains that partly offset losses to
stricken farmers (from a national perspective),
but these effects should not be overstated. It is
not possible in this assessment to determine to
what extent these totals were offsctting.
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Agricultural Support Policies Within the Three
Defined Scenarios

In examining the impact of agricultural
support policies on use of the floodplain, the
three scenarios discussed in Chapter 5 included
the following policy/program elements: Scenario
1 includes Federal crop insurance reform and
staying the present course in acreage reserve
programs, Scenaric 2 considers levee repair
criteria, conservation and voluntary acquisition
programs, and expanded buyout options; and
Scenario 3 considers agricultural premium rates
and upland water retention.

Scenario 1 Measures

Existing policies and programs are expected
to be maintained, but with known changes
implemented since the 1993 flood. Elements
included as part of this scenario are Federal crop
insurance reform requiring participation by all
producers taking part in any other Federal farm
program and acreage reserve incenfive programs
continuing the way they are headed. [t is very
difficult to predict the final outcome of the
various measures currently under consideration.
Even where policy has been changed, the details
of implementation are often yet to be worked
out.

A. Federal Crop Insurance Reform

The Federal Crop Insurance Reform Act of
1994 (Title I, Public Law 103-354) modified the
crop insurance program. The goal of the act is
to provide an actuarially sound crop insurance
program, and to mandate coverage for all pro-
ducers receiving other farm program benefits.

The methods for implementing several
important features of the reform act are still
being developed. In general, however, coverage
is provided at various levels of risk protection.
All producers must obtain at least the base level
of catastrophic protection in order to receive
other benefits. Producers can also obtain addi-



tional levels of coverage at various yield and
market price levels.

The fees vary according to the coverage
level. The participating producer pays a $50 fee
per crop per county up to $200 per county with
an overall maximum of $600. For higher levels
of additional protection, the fee is $10.

The Federal Government pays the entire
cost of the catastrophic level of protection (insur-
ing 60 percent of market prices for losses ex-
ceeding 50 percent of individual vields), and a
portion of the premium for the additional levels
of coverage available from private firms, The
premiums are to be sufficient to cover anticipat-
ed payouts, a reserve, and administrative and
operating expenses.

Implementation procedures for several key
elements of the program are still being devel-
oped. A most important element is the manner
in which "unrated” lands will be addressed.
Unrated lands, for purposes of this report, in-
clude high risk properties such as those between
the rivers and the levees. At the present time, it
has not been determined whether these properties
will be insured under the standard procedures of
the act, whether they will be insured individually
with a different rate structure, or whether they
will be treated as they would have been under
the previous disaster payment systems.

Many facets of the new act are still unclear,
but some observations are worth noting:

» There is a benefit in that the cost of
disaster from flooding of agriculture
would be prepaid. This is easier for the
Nation to budget and eliminates unantic-
ipated shocks to the national economy,

+ Many farmers who do not now carry
crop insurance will have at least a base
coverage that is independent of disaster
declarations.
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» Because the premiums are so heavily
subsidized and because participation will
be so broad, it is unclear if the Federal
Government will spend more or realize
savings.

e The base premium is fully subsidized
and the base fee is independent of num-
ber of acres covered.

» The base premium is fully subsidized
and the base fee is independent of risk
or loss history. This favors the flood-
plain farmer whose risk is higher, over
the upland farmers whose unit costs of
production ar¢ usually considerably
greater.

B. Acreage Reserve Programs

Land reserve programs such as the
Wetlands Reserve Program (WRP), Emergency
Wetland Reserve Program (EWRP), and the
Conservation Reserve Program (CRP), are
assumed to continue based on existing authoriza-
tion language. The present acreage estimates for
each program are listed by State in the Evalua-
tion appendix (Appendix B) and have been
discussed under the Floodplain Wetland Restora-
tion Program issue area in the previous section
of this chapter. The CRP program is by far the
largest at an estimated 212,000 acres in the study
area floodplain. The other two programs are on
the order of 30,000 to 50,000 acres each for the
eight-State study area. The study area lands in
these programs, however, represent a very small
proportion of total flood prone lands in the area.
While they take cropland out of production,
thereby reducing flood damages, the programs
arc not sufficiently large to appreciably reduce
flood damages. Yet, as discussed in Chapter 3
and under the Floodplain Wetland Restoration
Program issue area in this chapter, there arc
many other values of wetland and habitat resto-
ration programs beyond the possible flood dam-
age reduction benefits.



The programs have been very popular.
Since its inception, the WRP has received sub-
stantially more applications nationwide than it
has been able to support. In Fiscal Year 1991,
with a total budget of $46.7 million, 249,000
acres were offered for enroliment, while only
50,000 were accepted. The program was not
funded in Fiscal Year 1992, In Fiscal Year
1993, with a budget of $66.7 million, approxi-
mately 600,000 acres were offered for enroll-
ment, while only 75,000 acres were accepted.

To estimate the number of acres of wetland
that would be restored or protected under this
measure, the same assumptions were made for
WRP and EWRP as described under Measure A
of the Floodplain Wetland Restoration Programs
section above. The CRP would change, and
estimates for this program are described below.

Conservation Reserve Program - As previ-
cusly described, it was assumed that at the time
of the flood, 212,000 acres were enrolled. It was
further assumed under this scenario measure that
this acreage is reduced by 50 percent as current-
ly proposed. Such a change would result in the
loss of 106,000 acres of natural cover currently
protected under this program, Assuming that 10
percent of these CRP lands are wetland, a loss of
10,600 (see matrix table 1) would result. Costs
were estimated by using the current average cost
of $54 per acre for 10 years. There would be
- reduced costs under this scenario of $57 million.

Other Programsg - As discussed above for
Floodplain Wetland Restoration measures, it was
assumed that these additional programs would
contribute 10 percent of the three major ones
(EWRP, WRP, CRP). This would amount to
approximately 13,000 acres. Costs were estimat-
ed assuming $1,500 per acre for agricultural
conversion resulting in ~$20 million.

It i1s impossible to tell what will be done to
these programs in the 1995 Farm Bill, but indi-
cations arc the budget for reserve programs will
be cut to some degree. It would require a
considerable increase in expenditures for these
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programs to have significant impacts on flood
damages in the study area, These programs
enjoy a good reputation for environmental bene-
fits and, especially in the case of the wetlands
programs, take excessively risky land out of crop
production. For this reason, these programs will
act to decrease crop damage and agricultural
subsidies in a very marginal way. Program
opportunities in upland retention are covered
under measure G below and in Chapter 8.

Scenario 2 Measures

The philosophy of this scenario assumes a
more proactive position toward program and
policy reform to reduce risk, use resources
efficiently, and enhance the ¢nvironment. Ele-
ments examined are similar to many proposals
found in reports by the Interagency Floodplain
Management Review Committee, the Mississip-
pi River Basin Association, and the Association
of State Floodplain Managers. Specific agricul-
tural ¢lements examined as part of this scenario
include levee repair criteria which considers
repetitive breaks, maintenance history, and
environmental and social effects compared with
alternative approaches. Another element as-
sumes the 1995 Farm Bill would continue con-
servation and voluntary acquisition of marginal
farmland, emphasizing environmental restoration
and enhancement. The third element includes
explicit consideration of environmental attributes
to expand opportunities for buyout options.

C. Levee Repair Criteria

The present system of agricultural flood-
control levees along the lower Missouri River
and upper Mississippi River floodplain is an
aggregate of levees constructed by different
agencies and individuals at various times and
under various programs. Their physical compo-
sition, degree of flood protection, and locations
vary from area to area. Some ar¢ on or near the
channel bank and extend across old river channel
deposits. Others are set back to the landward
margin of the floodway to permit flood flow
conveyance.



Private levee systems such as those built
along the Missouri River, riverward of the
Federal levee system, were often placed as close
to the river as possible. Many of these private
levees have tic-offs into existing Federal levees,
and do not allow for the recommended flood-
way. Any secondary levee riverward of the
Federal levee system on the lower Missoun
River is not only within the 3,000-foot-wide
floodway defined in 1962, but is also within the
floodway defined at present by the National
Flood Insurance Program,

If damaged during a flood, such a levee
may not meet the specific criteria for repair
under one Federal program, but may qualify for
assistance under another program due to the
inconsistent Federal levee repair policy from
agency to agency. Levees are repaired without
mitigating the adverse effects these levees may
have on the NFIP floodway and also on the
capacitly of adjacent "mainline” levees. Regula-
tion of the floodway is the responsibility of the
local municipality. In the area of regulation, a
lack of coordinated planning and management
undermines the Federal and State objective of
sound floodplain management.

Levees that do have a history of repetitive
damage could be evaluated for factors contribut-
ing to the levee damage and solutions found to
lessen or eliminate the damage caused. If repeti-
tive losses and adverse effects on floodwater
surface elevations are properly analyzed, many
levees may not be justified for repair.

Another area to consider is whether adequate
maintenance is being performed. Drainage
districts contacted in Missoun, for an example,
with levee lengths of 10 to 30 miles, reported a
range of average annual maintenance costs from
$300 to $3,500 per mile of levee. The Papio-
Missouri River Natural Resources District (NRD)
in Nebraska reports an average annual mainte-
nance cost of $3,500 per mile of levee. A levee
with a $300 per mile maintenance cost is proba-
bly not being maintained adequately.
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Damaged levee systems are generally not
investigated with any hvdrologic models before
repair. Studies indicate that some private levees
are detrimental to flood protection provided by
Federal lcvees and contribute to erosion damage,
higher stages, and increased sediment deposition,
Repair of private levees was often promoted by
Federal agencies even though these same levees
ofien compromise the effectiveness of the Feder-
al levee system. In public meetings held by
Omaha District, there have been indications of
local support for limiting or climinating the
private levees riverward of the Federal levees.

Location of repetitive breaks in particular
levee units must be examined with regpect to
placement in relation to former channel align-
ments. As pointed out earlier, the problem may
be in where the levee was placed in relation to
former channel alignments. Problems may also
relate to the levee having other than the design
level of protection due to aggradation or change
in conveyvance or hydrology.

A detailed environmental analysis of the
effects of levee rehabilitation involving 303
levee setbacks or realignments is provided in
Appendix B. Such rehabilitation could lead to
less repetitive levee damage. Detailed studies
would be required, however, to develop optimal
alignments and new designs that would allow
predictable and controlled flooding behind levees
to minimize the widespread erosional and depo-
sitional damage seen in the 1993 flood. The
major effects this analysis of levee realignments
identified on FPMA environmental impact
categories included restoration of 5,600 acres of
non-forest wetland and 2,000 acres of forest.
The cost of this action was estimated to be $57
million,

D. Conservation and Voluntary Acqui-
sition Programs

This measure states that the 1995 Farm Bill
will continue conservation and voluntary acquisi-
tion program emphasizing restoration of marginal
agricultural areas frequently flooded to wetlands



and natural habitat. The direction that Congress
sets in the Farm Bill is integral to the future
course of this area of study because the Farm
Bill and associated incentives for production or
set-aside can have a major effect on land use.
Although the actual status of the 1995 Farm Bill
is uncertain at the time of this analysis, we have
analyzed the measure as stated above.

Conservation Reserve Program - Although
it was estimated that 212,000 acres in the FPMA

study area floodplain are currently enrolled in
the CRP, this Scenario 2 measure emphasizes
restoration of frequently flooded marginal agri-
cultural lands. It was assumed that of the 5.3
million acres of flood prone cropland in the
FPMA counties, 25 percent or 1.3 million acres
are in the FPMA floodplain. Of this 1.3 million
flood prone acres in the study area, 10 percent or
131,000 acres will be targeted as converiible to
wetland. Based on existing ratios of land cover,
it is assumed that 100,000 acres will revert to
floodplain forest and 31,000 will revert to non-
forested wetland. The cost for this program for
the FPMA siudy floodplain will be similar to the
existing CRP, assuming a 10-year program at
$54 per acre per year. Total cost would be
approximately $71 million.

Wetland Reserve Program - Of the program
goal of 1 million acres, 22 percent (based on
existing sign-up) are assumed to be in the FPMA
States. Because frequently flooded, marginal
agricultural lands are "targeted" under this
Scenario 2 policy measure, we increased the
estimated percentage of enrolled WRP acres in
the floodplain to 75 percent. This leads to
approximately 157,000 additional acres restored
if the program meets it goals. The cost would
be ~$142 million based on cutrent program ex-
penditures.

Restoring the integrity of the environment
is important for maintaining a high quality of
life, but it is difficult to evaluate many environ-
mental benefits in monetary terms. Qbviously,
land acquisition and environmental restoration
and enhancement bear monetary cost, but costs

7-27

of a degraded environment can also be measured
in decreased productivity of natural systems (loss
of species, contaminated fish stocks, declines in
shellfish, etc.), which in turn ultimately affect
the health of humans,

While the impact of these programs on
flood damage reduction may be small for infre-
quent flood events (see Chapter 8), the range of
benefits generated by these programs has been
estimated to be very large (Ribaudo et al., 1990).
This is especially true if upland effects of the
programs are also considered. Unfortunately, a
detailed cost and benefit analysis for these and
other environmental initiatives was beyond the
scope of this assessment. It would be most
valuable to assess effects of these programs over
a wide range (frequency) of flood events and to
have the capability to link the biological re-
sponse with the hydrologic and hydraulic model
outputs to truly integrate the analysis.

E. Expanded Buyout Options

To consider buyout options with added
weight given to environmental considerations
would expand the opportunities for buyouts.
Buyout options are to be considered rather than
casements when a permanent solution is prefera-
ble and the opportunity arises. Two constraints
on expanding the use of buyouts are the initial
cost and the owner's willingness to sell. The
cosis arec a matter of economics and must be
looked at on a case-by-case basis, although
considerable preliminary analysis beforehand
would allow for optimizing the pursuit of worth-
while opportunities. Assuming that it is worth-
while that some buyouts be pursued, the interest-
ing question is what makes the landowner a
willing seller. The landowner has personal and
economic ties to his or her property.

1) Personal Considerations

To many farmers, their land is a part of
their heritage and their way of life. They have
considerable personal investment in area schools,
churches, politics, businesses, and social relation-



ships. Often, many members of their families
live nearby. To uproot them may cause consid-
erable duress. This impact may be even greater
if there is insufficient availability of nearby land
to farm. The degree to which a farmer feels he
is being adequately compensated will strongly
influence his willingness to sell. If forced to
begin a new occupation in a new community, the
farmer's unwillingness to sell may be difficult to
compensate.

2) Economic Considerations

The economic costs would include the
financial cost of the upland farm site, the cost of
acquiring equipment more suited to upland
farming, and the cost of the move, to name three
obvious e¢xamples. In the Missouri River basin,
the labor required to farm an upland acre of
rolling to moderately steep hills can be approxi-
mately 33 percent greater than to farm floodplain
land. Some reasons for this additional labor are
the contour plowing required on the upland hills,
more frequent turning of equipment, and slower
speeds to ensure that the large equipment re-
mains upright,

Based on lowa data, returns to management
for floodplain farmland with a minor degree of
flooding appear to be greater than returns to
management for upland farmland. Over a 10-
year period, the calculated per-acre returns to
management for uplands that never flood were
less than for floodplain land where soggy field
conditions force late-planting of soybeans (giving
a yield 78 percent of normal) 2 years out of 10
and were only slightly greater than for floodplain
land on which the first crop was flooded out,
forcing a late replanting of soybeans with 78
percent of normal yield, 1 vear out of 10.

A farmer who owns his land, paying only
the tax levy, can financially withstand much
more in flood damages which are not reimbursed
by insurance than can a farmer who is making
rent or mortgage payments on the land. The
cash rent equivalent in the Iowa crop budgets
ranged from 32 to 39 percent of the calculated
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gross receipts per acre. It was estimated that net
returns per acre for a floodplain farmer who does
not own his own land could become negative
over a 10-year period if floods caused a com-
plete crop loss 1 year out of 10 and flooded his
first crop, forcing a late planting of soybeans at
reduced yield, 1 year out of 10. The estimated
net returns per acre for a floodplain farmer who
owns his own land could become negative over
a l0-year period if floods caused a complete
crop loss 3 years out of 10 and his first crop
flooded, forcing a replanting at reduced yield,
several more years out of 10. Of course, even
though farmers owning their own land are better
able to weather adversity, they still expect to
earn a normal profit over time,

3) Local Impacts

The other factor that has to be taken into
account in buyouts is the loss to the community
and the local tax base that occurs. These agri-
cultural areas are generally lacking in population
and infrastructure to provide a good tax base and
to support local commercial establishments. The
effect on local communities, businesses, and
taxing authorities must be considered in any
successful buyout program.

Scenario 3

Scenario 3 emphasizes avoiding exposure to
flooding by avoiding development in the flood-
plain and encourages restoration of environmen-
tal resources. The first of the two agricultural
policy elements for this scenario is that crop
insurance premium rates would reflect the actu-
arial risk for farming in the floodplain area. The
second clement is expanded use of upland runoff
detention using tools such as terracing, no-till
farming, and windbreaks to reduce peak runoff
and sedimentation,

F. Actuarially Based Crop Insurance
Premium Rates

It is assumed that actuarially based means
the whole premium is paid by the investor in a



business enterprise with uncertain returns and
that the premium is commensurate with that risk
and sufficient over time to meet all demands.
This would preduce some tremendous benefits.
It would somewhat discourage farming of mar-
ginal lands. More importantly, it would save the
taxpayers a large amount of money by eliminat-
ing the transfer payment from the taxpayers to
those whose investment risk is partially subsi-
dized. It would avoid the unanticipated shocks
to the budget and to the economy. And, it
would allow market mechanisms to allocate
agricultural resources in a more efficient manner.
Conversely, it would also raise the cost of
production for some farmers and possibly cause
SOIeE rise In consumer prices.

Another problem is that completely
actuariaily based crop insurance is not feasible in
the purest sense of the definition. To base the
premium entirely on actual risk requires that the
risk for each parcel of land be accurately as-
sessed. This is an impossible task in other than
a somewhat generalized way. To track and
update risk history is also a challenge adminis-
tratively.

Furthermore, without some subsidy of
premium, there may be little incentive for partic-
ipation, When a disaster strikes, based on
history, it is probable that disaster payouts would
be made available to the uninsured.

The answer reasonably lies somewhere
short of the extreme, By being more actuarially
based, the benefits mentioned would be realized
to an increased degree. There would be an
increased need for risk asscssment and the
maintenance of ongoing loss history records.
There would also reasonably be an ongoing need
for some limited subsidy unless some other
effective compliance mechanism could be found.

G. Upland Water Retention

The Scientific Assessment and Strategy
Team (SAST), in preparing its efforts for the
Galloway report, conducted an assessment of the
effects that upland management practices would
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have on flood flows. The results of this assess-
ment are presented in Chapter 7, Section IV: The
Engineered System of the SAST report (1994).
The SAST examined four watersheds in the
study arca and, in three of the basins, modeled
the potential effects of various land management
practices. In the fourth watershed, the SAST
examined the effects a significant increase in
wetlands development would have on runoff.

For each altemative, total coverage of the
basin was assumed, thus estimating the maxi-
mum ¢ffect of the alternatives on flood flows,
The analysis examined the cffects of these
alternmatives at various flood levels. The results
varied from basin to basin, ranging from slightly
less than 1 percent to nearly 40 percent. The
combination of all altematives showed very
significant reductions in peak flows for three of
the four basins. The high variation among the
basins points to the need for basin specific
analyses. FPMA results of further hydrologic
modeling for the 1993 flood event are presented
in Chapier 8.

A summary of current land treatment by
State was generated by NRCS staff from their
Natural Resources Inventory database (see
Appendix B). This information includes total
cropland acres, acres exceeding T (tolerable soil
loss), acres of highly erodible soil, and for some
States, acres treated with specific conservation
practices. These data can be used as a starting
point to assess the upland acres potentially
treatable in each State by various programs and
practices, and thereby assess what a reasonable
amount of runoff reduction might be in various
parts of the basin. We were unable to complete
such an assessment for the FPMA.

Numerous studies indicate that upland farm
management practices that reduce runoff have
very beneficial effects in reducing soil erosion
and sedimentation, in improving water quality,
and in enhancing fish and wildlife habitat,
There are also flood control benefits, primarily
on a more local level with the more frequent
levels of flooding, For the 1993 flood, on the
large tributaries and main stem Missouri and



Mississippi Rivers, these practices would not
have made a large difference. In the alternatives
analysis discussed in Chapters 8 and 9, there is
further discussion of upland water retention
measures.

Scenario 1 Effect on Impact Categories

A very small drop in some damage and
government expenditure categories, mostly
related to agriculture, is possible if the Federal
Crop Insurance Reform Act is implemented in
such a way that incentives to farm marginal land
are reduced. The effect would be minimal,
involving only the relatively few acres within
this marginal category. The only two impact
categories that will surely see major change are
Federal Crop Insurance Corporation flood insur-
ance payouts and disaster assistance to agricul-
ture. Presumably, what once was paid in disas-
ter payouts might now go to the insurance
system. Wetland acreage would increase by
roughly 14 percent (127,000 acres).

Scenario 2 Effect on Impact Categories

The emphasis given to environmental
considerations in levee repair criteria and to the
restoration of marginal agricultural lands would
be beneficial to most of the environmental
impact categories. Increases in wetland acreage
would increase significantly (32 percent) under
these measures. Agricultural damage and assis-
tance categories would be decreased by a small
amount. Of course, anything that removes
people or structures from the floodplain reduces
risk. Programs designed to move people and/or
economic pursuits from the floodplain must
consider all the social, economic, environmental,
and safety issues on a personal, local, regional,
and national level to be both worthwhile and
effectively implementable,

The approach directed by Scenario 2 has
benefits and costs that vary from one area to
another. If the present levee inventory was more
complete, including the continuing updating of
levee history and Geographic Information Sys-
tem (GIS) accessibility of levee alignments and
historical river configurations, including private
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levees, a site-by-site analysis would be facilitat-
ed. Local sponsor levee maintenance and repair
need to be an integral part of an overall systemic
plan.

Scenario 3 Effect on Impact Categories

The two agricultural elements of Scenario
3 would act to reduce the incentive of subsidized
risk in farming in the floodplain and reduce the
size of any particular floodplain by reducing
upland renoff. A more actuarially based insur-
ance system would decrease agricultural damages
shghtly and would echminate agriculturally
related disaster payments.

The decrease in peak runoff (for the 1993
event) would slightly decrease damages and
disaster assistance, in general, but the primary
gain would be to local watershed areas in re-
duced flooding from frequent events and provid-
ing environmental benefits.

Summary: There is lots of uncertainty over
possible changes in floodplain resources and
impacts resulting from reforms in agricultural
support policies and programs. From the per-
spective of the FPMA evaluation framework, the
crop Insurance Reform Act of 1994 should
represent a significant shift from agricultural
disaster assistance to crop insurance protection,
though it is not clear that a large reduction in
Federal Government expenditurcs will result
because of the provisions that subsidize the
purchase of crop insurance. Restoration and
conservation programs have the potential to
contribute to enhanced natural resource values
and to reduce exposure to flood damages, but
their limited size (the Conservation Reserve
Program excepted) makes it unlikely that
large-scale floodplain land uwse conversions in
rural areas will take place. They might prove
significant, however, in conversion of marginal
lands that would then begin to reestablish the
natural floodplain patches necessary to improve
the integrity of the river ecosystem. A more
rigorous review of levee repair criteria would
help to ensure that funding for repairs is most
efficiently applied.
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Findings

Statements reflecting the outcome of
research and analysis completed in the review
of policy and program measures covered in
this chapter are provided below. Additional
information and data on some of these points
are found in Appendix B (Evaluation) to this
report.

NATIONAL FLOOD INSURANCE

7-a) The definition of "floodplain location,"
using the 100-year flood outline, may not be
adequate. Twenty-four percent of all losses
covered by the National Flood Insurance
Program for the period 1978-1993 were for
damages outside (above) the 100-year flood-
plain. Some of these problem areas are
related to high groundwater from heavy
rainfall or poor interior drainage not directly
related t0 a general condition of overbank
flooding.

7-b} Compliance with prior flood insurance
requirements has not always been adequate to
ensure purchase of needed insurance. NFIP
reform legislation in 1994 now requires lend-
ing institutions to ensure that flood insurance
for mortgages on structures within the 100-
year floodplain is obtained and maintained.

7-¢) The Community Rating System (CRS)
under the National Flood Insurance Program
has potential to decrease the national expo-
sure to flood risk by improving floodplain
management and flood damage avoidance
capabilities at the local level. The CRS is a
program of the Federal Insurance Adminis-
tration to award reductions in flood insurance
premiums based on the effectiveness of a
community's fleod preparedness, damage
reduction measures, mapping and regulations,
and public information about flood hazards.
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STATE AND LOCAL FLOODPLAIN MAN-
AGEMENT AND ZONING REGULATIONS

7-d) State and local floodplain zoning and
regulation could be most effective in address-
ing critical facilities that have the potential for
toxic or hazardous releases by imposing
stricter requirements for the siting of these
facilities.

7-¢) Improved floodplain management,
including land use planning, zoning, and
enforcement at the local and State level, can
reduce flood related damages. There are still
communities and municipalities without zon-
ing ordinances to reduce flood risks or plans
to mitigate flood related damages.

RELOCATION, MITIGATION, AND DI-
SASTER RELIEF

7-f)y Flood hazard mitigation options, partic-
ularly acquisitions (buyouis) of substantially
damaged residential structures, have been a
more prominent part of the Federal response
in recovering from the 1993 Midwest flood.
The process is underway for more than 8,000
parcels in the 1993 flood area (most are
residential structures) to be acquired as part
of the strategy to avoid repetitive flood dam-
age in vulnerable floodplain locations. Close
to $200 million, largely in FEMA Section 404
Hazard Mitigation Grant funds and HUD
Community Development Block Grant funds,
has been made available to pursue hazard
mitigation projects in the 1993 flood area,
with by far the largest share directed toward
acquisition of damaged properties.

7-g) The Hazard Mitigation and Relocation
Assistance Act was signed into law on Decem-
ber 3, 1993. It increased from 10 percent to
15 percent the share of total Federal disaster
assistance that can be devoted to property
acquisition and relocation projects, and in-
creased the Federal cost share on eligible
hazard mitigation and relocation projects
from 50 percent to 75 percent. The additional



funds and larger Federal cost share in paying
for the projects has significantly increased
interest by the local governments and commu-
nities affected.

7-h) The National Flood Insurance Reform
legislation, Title V of the Riegle Community
Development and Regulatory Improvement
Act, was signed into law on September 23,
1994, Section 1367 establishes a new National
Flood Mitigation Fund, with funding increas-
ing to $20 million annually in Fiscal Year
1996 and beyond, financed from NFIP premi-
ums, to pursue future flood mitigation pro-
jects. Section 1366 provides up to $1.5 million
annually from the National Flood Mitigation
fund for mitigation planning assistance to
States and communities.

7-i) Future Federal expenditures could be
reduced by not providing disaster assistance
for structures on Federally leased land (cot-
tage leases along the Mississippi River). This
could be implemented as a condition of lease
renewal.

7-)) Future disaster assistance and insurance
needs could be significantly reduced if the
problem of repetitively damaged structures is
firmly addressed through implementation of
existing regulations by local, State, and Feder-
al agencies.

7-k) More extensive reliance on flood insur-
ance would better assure that those who
invest, build, and live in the floodplain accept
appropriate responsibility for the damages
and other losses that result from floods.

7-1) More emphasis is now being placed on
use of flood hazard mitigation measures,
especially acquisitions of flood-prone struc-
tures, as an action that will reduce repeated
Federal disaster expenditures and other costs
associated with areas of widespread and
potentially substantial repetitive flooding.
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FLOODPLAIN RESTORATION

7-m) The difference between "natural flood-
plain restoration” and "wetland restoration”
is an important distinction to make. Restora-
tion of the natural floodplain requires changes
in the levee system to restore natural hydro-
logic functions and create the linkage back to
main channel areas.

7-n) Conversion of agricultural floodplain
lands to wetlands and natural floodplain
would have reduced payments for agricultural
damages.

7-0) A stream restoration program that
could enhance over 1,000 miles of tributary
rivers and streams in each State in the FPMA
study area would require a budget similar to
the Wetland Reserve Program.

7-p) Wetland restoration programs are
typically underfunded relative to the interest
in participating in those programs,

7-q) A broader program to minimize the
impact of local government's lost tax revenues
resulting from land conversions would be
beneficial and could reduce some of the oppo-
sition to these programs.

7-r) Conversion or restoration of a small
percentage of agricultural land use to wetland
or other natural conditions can significantly
increase the existing percentage of natural
floodplain acreage.

7-s) Current theories on floodplain function
predict that the area needed for an improve-
ment to the natural biota is probably fairly
small and that restoration of a series of natu-
ral floodplain patches (a string of beads)
connected by more restricted river corridors
would be practical and beneficial.

7-t) Converting floodplain agricultural land
to naturgl floodplain vegetation would not
reduce stages but would marginally reduce



damage payments in the 1993 Midwest flood.
Agricultural use of the floodplain is appropri-
ate when the residual damage of flooding is
understood and accepted within a financially
sound program of crep insurance and flood
damage reduction measures and when it is
compatible with the risk to natural floodplain
functions.

AGRICULTURAL SUPPORT POLICIES
AND CROP INSURANCE

7-u) The Federal Crop Insurance Reform
Act of 1994 has replaced disaster assistance
for agricultural crops with a prepaid insur-
ance system for all farmers participating in
other Federal farm programs.

7-v) The "Farm Bill" and associated incen-
tives for production or set-aside can have a
major cffect on floodplain land use and,
thereby, a major influence on the environ-
mental quality of the floodplain-river system.

7-w) Use of acreage reserve, acquisition, and
environmental restoration programs is an
effective way to remove vulnerable agricultur-
al production from marginal lands and to
generate many environmental benefits.

7-x) Acreage reserve programs in upland
areas have significant environmental benefits
in the areas such as water quality, reduced
sedimentation, increased wildlife habitat, and
reduced peak runoff for local flood reduction
benefit for frequent events, but do little to
reduce stages on the main stem rivers for
catastrophic events.

7-y) Levee repair criteria are not sufficiently
based on repetitive break history, mainte-
nance history, environmental considerations,
hydrologic amalysis, economic analysis, or
system-wide effect.

7-z) Although much progress has heen made,
in this assessment and before, toward com-
pleting a GIS-based levee inventory, more
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needed work remains, especially concerning
private levees, historic river configurations
and hydrologic history, cultural resources,
and environmental and economic land use.

7-aa) There is sufficient reason and support
for State and Federal agencies to examine the
justification for private levees that encroach
the floodplain and diminish the integrity of
Federal levees.

7-bb) There is ample evidence that a major
problem with existing levees is that, in many
cases, inadequate resources are being devoted
to routine maintenance, causing decreased
levels of protection and increased interior
ponding behind levees.

7-¢¢) Acquisition of marginal farmland and
environmental restoration of that land should
be evaluated on both a site-by-site and sys-
tem-wide basis. This will help to ensure that
the acquisitions are consistent with systemic
management goals and ensure that Iimited
funds are spent most efficiently.

7-dd) The purchase of agricultural or devel-
opmental interests through buyout programs
must take into account the needs of the seller
and the local community, business community,
and all taxing authorities to be well received
and successful.
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Table 7-4

SCENARIO CATEGORIES

{(FLOODPLAIN SCENARIO 2)

A B [+ D E F a H 1 J
Bass Cond. Base Cond. Natonal State Local Relocation| Disaster | Floodplain| Agricultural — Signlf.
IMPACT [Al Disast [FPMA Imp. Flood Ins. | Fldpin Mgmt. | Fidpin Mgmt | Mitigation |  Relief Wetland | Support || Findings
CATEGORIES Counties] Counties) Program Regs| & Zoning & Zoning Programs | Programs | Restor.Prod Policies

ECONOMIC (1,000 §'s} [
Flood Damages

Residential {Urban) $760,892 $662,008 LOW = HIGH - LOW - < 5% 0 0

Other {Urban) $1,612,543 $1,447,322 LOW — HIGH - Low 0 0

Agricultural $3,852,701 $817,054 0

Other Rural $233,648 $ 10 0
Chg. in_Govt.Expend. B B e R e T

Emergen.Resp.Costs $227. 405 $200,663 LOW = HIGH = LOW =« 5% -« 15% <-5% | (-)NEGL.

Disaster Relief (Agrlc.) $1,160,632 $285, 180 0 0 0 0 0 < ~5% NA

Disaster Relief {Human R.) $1,297,474 $551, 862 LOW — HIGH - LOW — < 5% | ~375,000 0 {~) NEGL,

Flood Insurance (NFIP) $371,969 $276,496] MODERATE = HIGH - LOW —-< 5% +20% 0 {—) NEGL.

Flood Insurance (FCIC) $748,095 $269, 061 0 0 0 0 0 <-5% NA

Chg.Vdue of FP Resources

Net Ag RE Values

Net Urban RE Values

ENVIRONMENTAL

Natur.Resour.(# acres)

Non ~Forested Wefl, {acres)

365,285

52,000 77,600

Threat &Endang. (# / Occ.)

(281/1,043)

+ +

Forest {acres)

534,705

157,000 | 218,00

Natural Rdpin.Functions

Fldpin.inundated {acres)

2,685,281

Cultural

Archeol Impacts {~5 10 +5)

Hist, Sites(—51c +5)

Open Space
Public lands {(acres) - 392512 0 + 0 0 0 80,000 8,000
RAecrestion sites {#) 48 0 0 75 5
REDUCT.OF RISK

Critlcal Faclities

# Facl. wharmful releases

=~ HIGH

= LOW

—-< 5%

# other criticd faclities

— MODERATE

- LOw

-« 5%

Prot./Avold, of Harm

# people vulnerable

= HIGH

- LOW

-< 5%

Socid Well Being

# communities vulnerable

MODERATE

- LOW

-« 10%

# resident.struct.vulnerable

— HIGH

~ LOW

IMPLEMENT, COSTS

Structura Costa - - 0 - - +<$10,00 +$50,000] $8 milion{ $80 milllor
Othar Coate - - LOW + HIGH + MODERATE| +%6800 +$100 | $196 mil.} $153 mil. -
File:SCENCATZ

[1] Economic Impacts collecind only at the county level
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Table
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SCENARIO CATEGORIES

{FLOODPLAIN SCENARIO 3)

A B C D E F <] H ! J
Base Gond, | Base Cond, National Btate Local |Relocation] Disaster | Floodplain] Agricutra]  Signit,
IMPACT [AH Disast [FPMA Imp, Flood Ine. | Fidpin Mgmt. | Fidpin Mg{ Mitigation | Relief Woetland | Suppert | Findinge
CATEQORIES Counties) Countias] Program Regs! & Zonlng &Zoning | Programe | Programa | Restor.Prog  Policies
[ECONGMIC (1,000$'8) 1
[Flood Damagen T ‘ :
1 Residentied (Urban) $760,602 582,008 LOW - LOW 0 -<10% | —-<5% 0 0
2| Other {Urban} $1,612,543]  $1,447,322 LOW - LOW 0 ~<10% | —< 8% 0
8| Agrioultural $3,652,701 $B17,0%4 0 0 o [ 0 <=10% =)
4| Other Rural $233, 6848 $181,010 LOwW - LOW 0 1] 0 (=)
chg. in_Qowvt.Expend.
85| _Emergen.Resp.Costs §227,405 663 LOW - LOW ~LOW | -«B8% | ~<10% | <=10% | (=) NEGL.
6| Dionater Reliet (Agrio.) $1,160,832 $285 180 LOW 0 0 0 0 <=-10% 0
7 Disaster Relief (Humen R.) $1,207,474 $551,862 LOW -~ LOW 0 ~<5% | -25% 0 {-) NEGL.
8 Flood Insuran ce (NFIP) $371,969 $276,468] MODERATE - LOW ~LOW [ -<5% | +100% 0 (=) NEGL.
] Flood Insyran ¢e (FCIC) $748 095 $289, 061 0 0 0 0 0 <=10% | $84,484
| Chg.Veue of FP Resources
10| _Net Ag RE Values
11| Net Urben RE Valuas - - 0 - MODERATE ] 5% | -<3% 0
ENVIRONMENTAL
Natur.Regour.{# acres) S
12{ Non—Fotested Wotl. (acres) - 365,208 0 + 0 a 41,000 +0
13| Threst.&Endang. (¥ { Ocs.) - {2811,042 + o + +
14| Forest (acres) 534,705

18

18
16A

17
18

18
20
21
21

22
23

24
26

Natural Fidpin.Funetions

Fldpin.inundated {acras)

Cultu ral

Archodl impacts (-8 to +5 - -1 =1{+2) -1{0) 0{0) =1{+2) | =1{+2) -1{7%} =1{NA)
Hist. Siten{—5to +5) - -q +1(0} 00} =12} | =1(-2 -1(%

Opon Space

_INA)

39;512”

Public lands [acres)
Recroction siteo (#)

485

REDUCT.OF RISK

[ Critioal Fachitles

# Fool, whermiul rdonses

# othar otiticd faclitios

Prot./Avold, of Harm

# poople vulnerable
Sosid Well Baing

# communitios vulnerable

# rosident, struot.vulnerable

IMPLEMENT. COSTS
Struoturd Cosls

_Othor Coets

MODERATE

11] Economic impacis ocllectad only at the county level
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CHAPTER 8 - HYDRAULIC MODELING OF "ACTION ALTERNATIVES"

INTRODUCTION

As discussed in Chapter 4, which de-
scribed the Floodplain Management Assessment
(FPMA) evaluation process, the impacts of action
alternatives, or those alternatives which would
affect the hydrologic and hydraulic conditions in
the floodplain, are to be measured against the
1993 flood as a base condition. An initial step
was to perform hydraulic routings of these alterna-
tives to determine changes in river stages so that
the impacts of such changes could be identified
and evaluated. Systemic hydraulic routings, or
continuous hydraulic modeling on the entire
reaches of the middle and upper Mississippi and
lower Missouri River main stems, have been
accomplished on some of the alternatives, whereas
others have been evaluated on impact study
reaches or as individual case studies. Those
alternatives that have been evaluated systemically
include: (The letter designation relates to the
corresponding column in the impact matrix tables
in Chapter 9.)

L - Removing all agricultural levees.

M - Setting back agricultural levees.

N - Establishing uniform height 25-year levees.
O - Raising all levees so that the 1993 flood would
have been confined.

S - Removing existing reservoirs.

V/W - Reducing upland runoff by 5 and 10 per-
cent.

Other alternatives that have been evaluated but not
on a systemic basis included:

K - Limiting floodfighting.

P - Providing 500-year protection for urban areas.
Q/R - Providing 500-year protection for critical
facilities (priority sites and all sites).

T - Providing additional reservoirs.

U - Revising operation of reservoirs.

These alternatives were analyzed to
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address floodplain conditions and study objectives
as outlined in the correspondence authorizing the
study. Many guestions have been raised follow-
ing the 1993 flood concerning the impact levees
have on flood stages. Questions have also been
raised regarding the benefits of wetlands or other
runoff reduction measures on reducing flood
peaks. Various alternatives involving structural
and nonstructural measures for the existing agri-
cultural levees and upland retention/watershed
measures were investigated. Evaluation of levee
action alternatives focuses on agricultural levees
because the vast amount of land protected by these
levees offers the potential for storage of flood-
waters. In most cases, limited opportunity for
storage or conveyance of floodwater exists behind
urban levees because of the relative size of the
protected area compared to the cost of acquisition
and relocation. :

Scope of Hydrologic Model

While existing forms of flood protection
reduced or prevented damages to many properties,
these measures often proved inadequate to with-
stand the magnitude of flooding experienced
during 1993. Within the hydraulic perspective,
the assessment will focus on identifying facilities
which require additional flood protection, assess
the adequacy of current flood control measures,
and evaluate alternatives to the current flood
control system. In response to hydraulic require-
ments of the FPMA, development of a compre-
hensive system-wide modeling tool of the Mis-
souri River, Mississippi River, and significant
tributaries was required.

An unsteady flow modeling tool was
necessary to adequately evaluate floodplain
management and assessment alternatives on a
system-wide basis. An unsteady flow model is
suited for evaluating long reaches of rivers where
the dynamic effects of levee breaches, backwater
conditions, shallow bed slopes, and varying flow



rates along the river are important. An unsteady
flow model was constructed of the Mississippi and
Missouri Rivers and significant tributary rivers.
Corps District offices along the Mississippi River
include St. Paul, Rock Island, and St. Louis.
Corps District offices along the Missouri River
include Omaha and Kansas City. While coordi-
nated with all involved Corps Districts, each
unsteady flow model was developed indepen-
dently. System-wide routing was then performed
for all conditions examined between adjacent
Districts.

The development of a system-wide un-
steady flow model was a critical element of the
FPMA hydraulic analysis which required substan-
tial effort. Prior to this effort, a single system-
wide model of sufficient accuracy was not avail-
able which would allow an impact assessment of
a variety of structural and nonstructural measures.
Employing the unsteady flow model, many differ-
ent alternatives were assessed system-wide to
determine how the 1993 flood would have chang-
ed. FPMA alternatives analysis sometimes re-
sulted in unexpected consequences and illustrated
the need for thoroughly investigating all effects of
any proposed modification to the existing system.

Unsteady Flow Model

The mathematical computer model pro-
gram UNET, developed and programmed by Dr.
Robert Barkau, was chosen as the tool to perform
the FPMA unsteady flow modeling. UNET is a
one-dimensional, unsteady flow program which
simulates unsteady flow through a full network of
open channels and reservoirs. Unsteady flow
routing accounts for the variation in flow with
both time and space. UNET is considered a
complete dynamic wave model since it solves the
full St. Venants equations of momentum and
continuity. The UNET unsteady flow model was
used for the FPMA analysis because it has the
ability to account for the timing of tributary
inflows, critical backwater effects in the routing,
simulation of volume reduction caused by levee
overflow or breaching, and the effects of storage
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within the floodplain.

An important feature of the UNET model
for modeling the 1993 event is the simulation of
levee overtopping or breaching and the transfer of
flow from the main river into the storage area
behind the levee. Within UNET, the usual levee
algorithm simulates levee systems as storage cells
defined by parameters which describe the stage-
storage relationship of the protected area. In
1993, many of the agricultural levees within the
Kansas City District overtopped as flood stages
exceeded the design height of the levees by sev-
eral feet. On the third and highest flood crest,
virtually all agricultural levees were overtopped
and there was significant overbank flow. Breach-
ed or overtopped levees were observed to function
under two geometric conditions: one in which
levees constrained the flow to the channel, but
provided storage behind the levees; and the sec-
ond in which the levees no longer constrained the
flow, and the overbank actively conveyed water as
if the levees did not exist. Therefore, Dr. Barkau
developed a new levee algorithm for the UNET
program which, based on discharge conditions,
simulates levees as storage cells or routes flow
through the entire width of the floodplain.

UNET Model Development

Separate UNET models were developed
by each of the involved Corps Districts and linked
together to provide a systemic modeling tool.
UNET modeling was performed on the Missis-
sippi River from Lock and Dam 10 at Guttenberg,
Iowa, river mile (RM) 615.0, downstream to
Cairo, Illinois, RM 0.0. Modeling on the Missouri
River extended from Gavins Point Dam, at RM
811.1, downstream to the confluence with the
Mississippi River. Numerous major tributaries
were also included within the UNET models as
routing reaches. Along the Missouri River reach,
the UNET models combine for a total of 811 main
stem river miles, in excess of 20 tributary routing
reaches with a combined length of over 470 river
miles, and a total number of cross sections in
excess of 2,000. Along the Mississippi River



reach, the UNET models combine for a total of
615 main stem river miles, more than 20 tributary
routing reaches with a combined length of over
500 river miles, and a total number of cross sec-
tions in excess of 1,500. Refer to the Hydraulics
and Hydrology appendix (Appendix A) for addi-
tional information regarding UNET model devel-
opment.

1993 Event. Base condition and alternative
analysis focused on the 1993 event. Simulation of
the 1993 event with the unsteady flow model was
complicated by the wide variation in discharge
within the modeled reach. Within the main stem
river reaches modeled, estimated flood frequency
varied from 10-year to in excess of 500-year.
Peak discharge observed at U.S. Geological
Survey (USGS) gaging stations within the Mis-
souri River modeling reach ranged from 115,000
cubic feet per second (cfs) at Omaha, Nebraska, to
750,000 cfs at Hermann, Missouri. The wide
variation in discharge illustrates the importance of
correctly simulating tributary inflows with an
unsteady flow model.

Model Geometry. Model geometry was com-
piled from available sources. No additional data
was collected during the FPMA for purposes of
enhancing model accuracy. Main stem channel
geometry was generally developed from existing
cross section data. Overbank geometry was taken
from USGS 7.5-minute quad sheets in most cases
and additional survey data where available. Most
Missouri River channel geometry was compiled
from survey data collected in the 1970"s. Tribu-
tary geometry employed within the UNET models
was generally taken from USGS 7.5-minute quad
sheets or actual survey data where available.
Cross section interval within the four UNET
models varies from 0.2 mile to 2.0 miles.

Model Inflow. UNET model inflow consisted of
USGS gaged inflows and estimated local inflow
representing ungaged drainage area. Separate
tributary routing reaches were included to route
tributary flow from the USGS gaging station
downstream to the main stem river. Among the
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four UNET models, in excess of 100 inflow
hydrographs were used.

Calibration. The UNET model developed by
each District was calibrated to the 1993 flood and
other major flood events. Calibration efforts
focused on reproducing 1993 observed stage
hydrographs at gaging stations along the main
stem river and verifying with discharge measure-
ments. Calibration parameters within the UNET
model allow the variation of conveyance with
depth. Calibration was performed for the entire
range of discharge experienced during the 1993
event to reproduce observed hydrographs for the
time period June 1 to September 1. The calibra-
tion effort focused on reproducing peak stages.
Calibration efforts were very successful with
reproducing observed hydrograph shape. The
calibrated model reproduced observed peak stages
within 0.3 foot at most locations. A representative
plot comparing observed and computed UNET
model stages is shown on Figure 8-1. Additional
data and plots related to calibration are included
within the Hydrology and Hydraulics appendix.
The calibrated model represents the base condition
for the comparison of all alternatives.

Systemic Analysis. UNET analysis was per-
formed on a system-wide basis encompassing the
lower Missouri River and middle and upper
Mississippi River basins. In order to conduct a
continuous systemic analysis, it is necessary to
transfer stage and flow data between UNET
models., Data transfer locations between Corps
Districts {and UNET models) were selected based
on availability of dependable gage data, Corps
District boundaries, backwater conditions, and
cross section geometry. Geometry data withinthe
upstream UNET model overlapped the down-
stream UNET model to eliminate the influence of
the downstream boundary condition on computed
results at the transfer location. Transfer locations
between UNET models were, on the Mississippi
River, at Lock and Dam 22 tailwater (RM 301.1)
and, on the Missouri River, at St. Joseph, Missouri
(RM 448.2), and Hermann, Missouri (RM 97.9).
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Levee Modeling. Simulation of the 1993 event
with the unsteady flow model was complicated by
the breaching and overtopping of numerous
Federal and private levees at various times during
1993. Levees in the base condition model include
height added to the levee crown during floodfight
operations. Although the additional levee height
in many cases did not prevent levee breaching or
overtopping during the 1993 flood, it did affect the
timing at which it occurred. Had additional height
not been added to the levees, overtopping would
have occurred much earlier in the event. Levee
breaches in the base condition model were repro-
duced on the dates and times they actually oc-
curred when data was available. When the actual
timing of levee breaching was not available, the
timing was estimated based on gage data. In all
other alternatives modeled, levee overtopping was
dependent on the relationship between the levee
crown elevation and the water surface elevation of
the river. Timing of levee breaching or overtop-
ping plays an important role in determining the
effects levees have on flood stages. Levees which
breach close to the peak of the event may have a
substantial impact on flood stages. Results of the
base condition analysis closely matched the 1993
flood event and indicate that the UNET model
successfully computed the impact of levee breach
or overtopping on main stem river flows and
stages.

DESCRIPTION OF SYSTEMIC
ALTERNATIVES

Agricultural levee alternatives include
levee removal, levee setback, levee confinement
to contain the 1993 event and altering levees to
provide only a 25-year level of protection. Sys-
temic upland retention/watershed measures in-
clude no Federal reservoirs and runoff reductions
of 5 percent and 10 percent. All the above alter-
natives were system-wide and included passing
flow and stage information from upstream Dis-
tricts to downstream Districts. Impact study reach
evaluations were also completed for several
isolated reaches which examined alternatives such
as revised reservoir operation and floodfighting.
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Those evaluations are discussed in detail later in
this chapter. Figures 8-2 through 8-13 show the
flood extent of the base condition and the system-
wide alternatives at two locations withn the study
area.

Agricultural Levee Alternatives. The effects of
several alternative agricultural levee heights and
locations were analyzed employing calibrated
UNET models developed for the base condition.
Geometry of urban levees was not modified. For
each altemative, the base condition UNET model
was modified to reflect geometry changes required
to simulate the effect on conveyance within the
model. Calibration parameters determined in the
base condition were not altered for any of the
alternatives. Modification of the UNET model
geometry was necessary for each of the agricul-
tural levee alternatives. Since no Federal agricul-

- tural levees exist either upstream of Omaha, on the

Missouri River, or upstream of Lock and Dam 10
on the Mississippi River, only the UNET models
downstream of these locations were used to assess
the systemic alternatives.

Levee Removal Alternative. For this alternative,
all agricultural levees were removed. Selection of
roughness values for the flow area after the levee
has been removed has major impacts on computed
results. Effective flow width assumed for each
cross section following levee removal is also
important. Simulations were performed with both
a minimum and maximum roughness value for the
overbank area.

Roughness values were selected to pro-
vide a reasonable lower and upper bound for
computed results. Various forms of land use
within the overbank such as farming and natural
habitat will have considerably different roughness
values. Levee removal will remove channel
constraints such that channel meandering and
overbank sediment deposition may actually reduce
channel conveyance. The roughness values
chosen for the area between the existing agricul-
tural levees and the bluff represent a low value for
agricultural conditions and a high value for natural



or forested conditions. Land use between the river
and the existing levee was assumed to remain the
same as it is now. Variation in channel mughness
was not examined. If levees were removed and
the channel was no longer maintained for naviga-
tion, channel roughness values may increase as the
river adapts to the change.

Removing the levee provides significant
additional flow area since cross sections are
generally several miles wide. However, removal
of the levee would not result in an effective flow
width equal to the entire valley width. Physical
factors such as channel meandering, vegetation,
topography, structures such as roads and railroads,
and other components will restrict effective flow
width to a value much less than the cross section
width, Due to the numerous natural and con-
structed obstructions within the conveyance area,
effective flow width is much less than the cross
section width. As a result, the no levee UNET
model would overstate the available flow area
when the levee flow constriction is removed from
the cross section. However, the roughness values
used in the model were adjusted to account for
those ineffective flow areas.

Modifying the UNET model to accurately
reflect the conveyance changes at every cross
section was not practical for this assessment.
Therefore, effective flow width and other factors
which reduce cross section conveyance were
included in the UNET model by adjusting rough-
ness values. Manning's n values were increased
from 0.04 for agricultural land use to 0.08 and
from 0.16 for a natural wooded floodplain to 0.32.
This adjustment is the same as reducing the over-
bank effective flow area by 50 percent. A rough-
ness value adjustment does not reduce the area
available for overbank flood storage. Because of
these assumptions, computed results for the levee
removal alternative should be regarded as esti-
mates. More precise and accurate simulation of
this alternative would require the construction of
an entirely new model and detailed studies to
determine the long-term effects of vegetation and
sedimentation within the floodplain on convey-
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ance.

Cost analysis performed for removal of
the existing levee assumed that 10 percent of the
existing levee would be removed to provide
sufficient conveyance beyond the existing levee
alignment. A figure of 10 percent corresponds to
removal of approximately a 200-foot levee seg-
ment within every 2,000 feet. Actual levee re-
moval areas would be site specific, dependent on
channel and levee alignment.

Levee Setback Alternative. The UNET model
was employed to analyze the effect on flow condi-
tions throughout the study reach for a systemic
setback of all agricultural levees on the middle
and upper Mississippi and lower Missouri Rivers.
Setback of a levee refers to moving the levee from
the present location to a new location which is
farther from the river. Levee setbacks are in-
tended to increase the cross section flow width
instead of constricting the flow area to a narrow
channel. Effects of levee setbacks in limited
reaches are discussed in the Case Studies section
of this chapter.

Levee setback distance was performed by
adjusting the minimum distance between left and
right bank levees, or the bluff line, to tncrease the
floodway width. Minimum floodway width was
set at 5,000 feet or increased to 150 percent of the
existing floodway width in some locations.
Setback levee height was maintained at the exist-
ing levee height.

Alternative Variation. A variation on
this alternative was modeled for the middle and
upper Mississippi River. This variation assumed
the agricultural levees were set back as described
above, but were raised high enough to prevent
overtopping by the 1993 flood event. This re-
sulted in changes of stage of -1.4 feet at Lock and
Dam 16, -0.6 foot at Burlington, +1.6 feet at
Quincy, +2.8 feet at Hannibal, -0.5 foot at Graft-
on, and -0.5 foot at St. Louis. Refinement of this
alternative could result in higher or lower stages at
any of these locations. Additional details on this



alternative are provided in Appendix A.

Levee Confinement Alternative. For this alter-
native, all agricultural levees were raised infinitely
high such that the 1993 flood event was confined
to the area between the existing levees. All exist-
ing levees were raised regardless of the current
level of protection. Levee locations or roughness
values were not altered for this alternative. An
additional 3 feet to account for risk and uncer-
tainty was added to the confined water surface
elevation for the construction levee height when
performing cost analysis. This alternative is the
same as the "Raising Levees above the 1993 Flood
Levels" alternative evaluated in Chapter 9.

Levee Height at 25-year Level Alternative. For
this alternative, the height of all agricultural levees
was set to correspond with an estimated 25-year
profile based on previous hydrology. Federal
levees, which are currently higher than the 25-year
elevation, were notched to an elevation equal to
the 25-year elevation. Levees which are lower
than the 25-year level were raised to the 25-year
elevation. The levee notch was designed as an
erodible plug. When flood levels exceed the 25-
year level, the levee notch is eroded and the cell
fills with water. In this manner, the levee cells
along the channel act as detention basins to store
water when river elevations exceed the 25-year
elevation.

‘Each levee cell was assumed to include a
constructed notch at the upstream and downstream
ends. The notch would consist of a lowered
section which would act as a fuse plug of erodible
material. The notch would consist of an erodible
core material overlain with a top layer. The notch
would be designed to erode in a non-catastrophic
manner. The downstream notch would be con-
structed at the 25-year elevation. The upstream
notch would be constructed at the 25-year eleva-
tion plus 3 feet. Levees that must be raised (are
currently below the 25-year level) should be
constructed at the 25-year elevation without any
freeboard. For UNET modeling purposes, all
breaches and overtoppings assumed that the

erodible plug would function such that the interior
levee cell would fill in a 24-hour period. The
hydraulics and hydrology appendix shows levee
data used in the UNET model.

Upland Retention/Watershed Measures

Various policy and structural measures
exist which may affect inflow rates to the river
system. The UNET model was employed to
investigate system performance for different
upland retention and watershed measures. For the
evaluation of these measures, no modifications to
UNET model geometry were performed. Assess-
ment was performed by adjusting inflow hydro-
graphs to the UNET model for each scenario
examined.

5 and 10 Percent Runoff Reduction. For this
alternative, measures which would reduce the total
runoff volume during the 1993 flood were evalu-
ated by reducing main stem and tributary inflow
hydrographs to the model by both 5 and 10 per-
cent. Based on the St. Paul District's preliminary
studies of wetland storage and other upland reten-
tion measures, it was estimated that the maximum
available storage with 1993 flood antecedent
conditions would reduce the total runoff volume
into the Mississippi and Missouri Rivers between
5 and 10 percent. Depending on individual drain-
age basin characteristics, some tributary basins
could store more than 10 percent of the basin
runoff volume, and some tributary basins have
little or no upland retention storage available. To
simplify the UNET modeling, all the inflow

. hydrographs were reduced by an equal percentage.

Also, in reality, runoff reduction would not be
distributed equally over the total inflow hydro-
graph but instead would have a major impact on
the shape of the inflow hydrograph at the begin-
ning of the 1993 event and would have little or no
impact on the peak discharges and stages on the
river.

Without Federal Reservoirs. Simulation of this
alternative was performed to assess the effect of
Federal reservoirs on the 1993 event. Large



Federal reservoirs which significantly affected
river flows include the six main stem dams on the
Missouri River and in excess of 40 dams on
tributaries within the UNET model reach. The
without reservoir hydrographs were computed by
the Reservoir Control Centers and were used as
UNET model inflow instead of the 1993 observed
hydrographs with reservoir holdouts. All other
parameters were unchanged from the base condi-
tion.

SUMMARY OF SYSTEMIC HYDRAULIC
ROUTINGS

Output Formats

Output of the UNET model consists of
hydrographs at specified locations, maximum flow
and water surface elevation profiles for each
reach, storage cell stage hydrographs, and levee
connection flow hydrographs. Computed data
from the UNET model was extracted and summa-
rized to allow the evaluation of the base and
alternative conditions. A graphical representation
of Missouri River and cell peak stage variation
from the base condition at selected locations is
shown in the hydraulics and hydrology appendix.

Hydrographs. Plotted stage hydrographs at
selected locations for the base condition and
various alternatives are shown in the hydraulics
and hydrology appendix.

Peak Flow and Stage. A tabulation of Missouri
and Mississippi River peak flows and stages for
the base condition compared with various alterna-
tives are shown in Tables 8-1 through 8-4. Addi-
tional locations are shown in the hydraulics and
hydrology appendix. Tabulation location corre-
sponds with the gaging station locations. Evalua-
tion of any alternative must examine both flow
and stage to consider all effects of the alternative.

Flood Boundaries. An approximate outline of
flood boundaries was developed for each alterna-
tive. Examples of the flood boundaries for vari-
ous alternatives for the Mississippi River for the
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reach between Muscatine and Hannibal are shown
on Figures 8-2 through 8-7. Examples of the flood
boundaries for various alternatives for the Mis-
souri River for the reach between Omaha and
Rulo are shown on Figures 8-8 through 8-13.
Similar mapping of other reaches is available as
described in attachment 8. Topographic
representation of the study area was obtained from
USGS 7.5-minute quadrangle topographic maps.
Quad map contour interval varied from 5-foot to
10-foot. For areas behind the Federal levee cells,
flood boundaries were determined using the peak
stage determined within the levee cell by the
UNET model. Interior drainage and local runoff
were not modeled by UNET and not considered
when determining flood boundaries. The density
of available topography from the quadrangle
sheets restricted the accuracy of the flood bound-
aries.
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Table 8-1
Mississippi River Hydraulic Impact Alternatives
Change in Stage from 1993 Flood

(Unit of Measure is Feet)

[ i AGRICULT;!;AL LEVEES ] RUNOFF REDUCT[O; |
REMOVED
MISSISSIPPI RIVER RIVER AGRICULTURAL NATURAL 1993 25- NO 5 16 LEVEES
GAGE LOW HIGH FLOOD YEAR RESERVOIR PERCENT PERCENT SETBACK
1 MILE ROUGHNESS ROUGHNESS CONFINED LEVEE
ST PAUL 839.3 N/A N/A N/A N/A “0.0 -0.6 -13 N/A ﬂ
WINONA 725.7 N/A N/A N/A N/A 0.0 -0.5 -1.0 N/A
L&D 10 TW 615.2 N/A N/A N/A N/A 0.0 -0.6 -1.2 N/A
CLINTON 588.7 0.0 0.0 0.0 0.0 0.0 -0.7 -1.4 0.0
DAVENPORT 565.1 -1.6 -0.8 +0.2 -0.2 6:0 -0.7 -L.5 -0.5
[ MUSCATINE 455.2 5.9 -3.9 +0.3 -0.6 0.0 -0.7 -1.5 -1.5
B 3URLINGTON 403.1 -7 -0.8 +0.3 -1.1 0.0 -0.9 -1.7 -1.¢
B JUINCY 3279 -3.4 +0.4 +3.8 -2.3 +0.3 0.9 -1.4 -1.2
HANNIBAL 309.9 -5.8 +0.6 +4.2 -3.3 +0.4 -1.0 -1.9 -0.7
L&D 22 TW 301.1 -5.0 -1.0 +3.5 -33 +0.3 -0.8 -ll-5 -0.6
GRAFTON 2183 -0.9 +1.4 +5.2 -4.3 +3.3 -03 -1.8 -0.8
§T. LOUIS 179.6 2.7 -0.3 +6.3 -3.3 +3.2 -1.1 -1.2 -1.8
CHESTER 109.9 <72 -1.0 +5.8 -3.4 +4.0 -1.2 -1.8 -0.4
CAPE GIRARDEAU 52.0 -0.8 +1.5 +4.1 -23 +3.2 -0.6 -1.2 -0.2

Note: Values in this table are approximate and appropriate only for this assessment. A more detailed model is required to accurately estimate the flow capacity of the
floodplain. Roughness values for the floodplain were selected to represent variations in land use and provide an upper and lower bound for overbank conveyance, Data
on bridges, roads, railroad embankments, and existing vegetation were unavailable for the model. As a result, effective averbank flow area is overstated at some locations.
Although further analysis may result in different stages for the without levee conditions, the general trends should remain the same.
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Table 8-2
Missouri River Hydraulic Impact Alternatives
Change in Stage from 1993 Flood

(Unit of Measure is Feet)
A(;REULTURAL LEVEES B ) [ RUNOQOFF REB?CTION l
REMOVED
MISSOURI RIVER RIVER | AGRICULTURAL | NATURALHIGH | 1993 FLOOD 25- NO 5 10 LEVEES
GAGE MILE LOwW ROUGHNESS CONFINED YEAR RESERVOIR PERCENT PERCENT SETBACK
ROUGHNESS LEVEE
OMAHA : B 615.9 -(;._3_ +).1 ) 0.0 0.0 B +4.9 [ 0.7 ) -1.4 0.0 il
NEBRASKA CITY 562.6 -4.7 -23 0.0 -1.8 +2.5 0.7 -1.5 0.4
RULO 498.1 -1.3 +2.0 +7.2 2.6 -0.1 -0.5 0.5 +1.0
ST. JOSEPH, MO 4482 <340 =29 +1.6 =50 +0.4 -0.2 0.6 +0.4
KANSAS CITY, 366.1 -1.2 -2.9 +2.8 -4.5 +5.1 -1.1 -2.2 -0.5
| WAVERLY, MO 293.4 2.7 -0.7 +6.9 -0.7 +1.2 0.3 +1.2 +0.7
BOONVILLE, MO 197.1 -0.1 +1.8 +4.1 -0.3 +1.4 -0.5 -0.4 +1.0
HERMANN, MO 97.9 +1.0 +4.6 +6.8 -0.8 +3.6 0.2 +0.6 +0.6
ST. CHARLES, 283 2.5 +0.9 +2.5 -1.8 +3.8 -0.2 -0.3 -0.6

Note: Values in this table are approximate and appropriate only for this assessment. A more detailed model is required to accurately estimate the flow capacity of the
floodplain. Roughness values for the floodplain were selected to represent variations in land use and provide an upper and lower bound for overbank conveyance.
Data on bridges, roads, railroad embankments, and existing vegetation were unavailable for the model. As a result, effective overbank flow area is overstated at some
locations. Although further analysis may result in different stages for the without levee conditions, the general trends should remain the same.
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Table 8-3
Mississippi River Hydraulic Impact Alternatives
Percent Change in Maximum Discharge from 1993 Flood

s = —— e =
AGRICULTURAL LEVEES RUNOFF REDUCTION
REMOVED
MISSISSIPPI RIVER RIVER = = ——————
GAGE MILE AGRICULTURAL NATURAL 1993 25- NO 5 10 LEVEES
Low HIGH FLOOD YEAR RESERVOIR PERCENT PERCENT SETBACK
ROUGHNESS ROUGHNESS CONFINED LEVEE
ST PAUL 8393 N/A N/A N/A N/A N/A 5% | -10% N/A
WINONA 725.7 N/A N/A N/A N/A N/A -5% -10% N/A
L&D 0 TW 6152 N/A N/A N/A N/A N/A -5% -10% N/A
CLINTON 588.7 +0.6% +0.5% +0.2% -1.3% +0% -4,5% 9.2% -0.1%
DAVENPORT 565.1 +1.5% +1.4% +1.1% +0.9% +0% -3.7% -8.7% +1.0%
MUSCATINE 455.2 +1.3% +1.0% +0.6% -0.4% +0% -4.2% -8.99% +0.4%
BURLINGTON 403.1 -0.2% -1.9% +3.2% -6.4% +0% -4.0% 9.1% -0.1%
QUINCY 3279 +7.5% +4.9% +8.3% +0.7% +3.1% -6.9% -10.9% -0.4%
HANNIBAL 309.9 +15.4% +11.5% +16.3% -11.9% +1.3% -3.5% -4.1% +6.6%
L&D 22 TW 301.1 +15.2% +11.2% +16.7% -14.0% +1.6% -9.6% -5.1% -4.3%
GRAFTON 2183 -3% -3% +22% -24% -2% -8% -13% -10%
ST. LOUIS 179.6 +1% 4% +19% -16% +20% 0% -8% -1%
CHESTER 109.9 +8% +2% +23% -12% +14% -4% -T% %
CAPE 52.0 +9% +2% +24% -12% +16% -4% -6% +1%
I E——

Note: Values in this table are approximate and apprepriate only for this assessment. A mare detailed model is required to accurately estimate the flow capacity of the
floodplain. Roughness values for the floodplain were selected to represent variations in land use and provide an upper and lower bound for overbank conveyance. Data
on bridges, roads, railroad embankments, and existing vegetation were unavailable for the model. As a result, effective overbank flow area is overstated at some locations.
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Table 8-4
Missouri River Hydraulic Impact Alternatives
Percent Change in Maximum Discharge from 1993 Flood

- ———

AGRICULTURAL LEVEES RUNOFF REDUCTION
REMOVED
MISSOURI RIVER | RIVER | AGRICULTURAL | NATURAL 1993 25- NO 5 10 LEVEES
GAGE MILE LOW HIGH FLOOD YEAR | RESERVOIR | PERCENT | PERCENT | SETBACK
ROUGHNESS | ROUGHNESS | CONFINED | LEVEE

[ omana | ess | oo | 0.0% 00% | o0o% | +a79% |  s0% | -100% | 00%
NEBRASKA CITY | 5626 -4.8% -10.9% +0.1% -0.8% +37.8% -5.5% -11.4% 1% |
RULO 498.1 N/A N/A N/A -13.2% -2.0% -8.8% -8.6% +36.6%
ST. JOSEPH, MO 4482 -5.3% 22.0% +15.1% -35.5% +4.2% -2.5% 5.8% +3.9%
KANSAS CITY, 366.1 4.1% -14.2% +9.4% -19.0% +23.5% -3.8% -83% 25% |
WAVERLY, MO 293.4 -3.0% -11.5% +8.7% -1.3% +14.4% -4.5% -5.9% 2.6%
BOONVILLE,MO | 197.1 +2.9% -4.6% +12.1% -13.6% +15.9% -5.7% -4.4% 0.4% "
HERMANN, MO 979 +3.5% 4.7% +13.5% 12.1% +313% 5.4% 5.6% +0.3%
ST. CHARLES, 283 +3% -5% +14% -14% +32% 4% -8% +0%

e 1 - [ =r 1 7 1 7 1 - 1 en 12 1 7

Note: Values in this table are approximate and appropriate only for this assessment. A more detailed model is required to accurately estimate the flow capacity of the
floodplain. Roughness values for the floodplain were selected to represent variations in land use and provide an upper and lower bound for overbank conveyance.
Data on bridges, roads, railroad embankments, and existing vegetation were unavailable for the model. As a result, effective overbank flow area is overstated at some
locations.



Systemic Analysis Results

Examination of the results illustrated
several interesting aspects of applying the alterna-
tives on a system-wide basis. Results were
examined to compare base and alternative con-
ditions with respect to hydrograph timing, peak
flow, peak stage, levee overtopping and stages
within levee cells, and flood duration. When
comparing alternatives, all parameters such as
peak flow, stage, and levee cell stage must be
examined throughout the entire reach to com-
pletely evaluate the effects of each alternative.
Specific comments regarding the effects of mod-
eled alternatives are as follows:

River Stage. In general, the largest
stage reduction was achieved with the levee
removal alternative for the low roughness condi-
tion. Compared at most tabulated locations, both
the levee removal alternative and the 25-year
notch alternative provide stage decreases which
exceed the decrease computed for the runoff
reduction alternatives. The confined levee
alternative produced the highest stage increase.

Stage reduction is not uniform throughout
the system for any of the alternatives. Fluctua-
tions in computed stages are the result of systemi-
cally combining the impacts of inflow hydro-
graphs with changes in the time and number of
levee breaches which occurred. Examination of
stage, discharge, and the time at which levee
breaches occur at a location often explains why
the computed stage appears to be inconsistent.
One scenario which describes how stage fluctua-
tions oceur is as follows:

1) The alternative reduces discharge
and/or lowers stage at point A.

2) The levee at point A does not breach
or breaches at a later time (compared to
base condition).

3) Additional flow continues downstream
since the levee cell no longer stores
water.

4) Stage and/or discharge at point B in-
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crease when the additional flow from
point A is combined with the timing of
other inflows to point B.

River Discharge. The largest reduction
in discharge at most locations was computed for
the levee removal alternative with natural for-
ested floodplains. The levee confinement alterna-
tive produced the highest increase in discharge.
Compared at most tabulated locations, both the
levee removal alternative and the 25-year notch
alternative provide discharge decreases which
exceed the decrease computed for the runoff
reduction alternatives. An alternative which
produced a discharge decrease tay often corre-
spond with an increase in stage due to changes in
roughness, hydrograph timing, or levee breach-
ing. Some alternatives also increase discharge
which then has a negative impact at further
downstream locations.

Hydrograph Timing. Many of the
alternatives dramatically affected the time at
which peak stages and discharges occurred. For
example, both the levee removal and 25-year
levee height alternatives shifted the time at which
peaks occurred by 2 to 4 days at many locations.
Since the timing of inflow from the major tribu-
taries does not change, some alternatives pro-
duced unexpected stage increases when the
timing shift caused by the alternative happened to
coincide with the tributary peak time of inflow.
An example of how the 25-year levee alternative
altered the time at which peak stages occurred at
Quincy, Illinois, is shown on Figure 8-14 .

Levee Cells. A negative aspect of some
alternatives is that either the flooded area or the
peak stage within the levee cell increased.
Changing storage volume within levee cells also
affects downstream flows and stages.

Noted Hydraulic Impacts. Several
additional impacts which were noted from
examination of results are as follows:

The performed analysis illustrates that no
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single alternative provides beneficial results
throughout the system. Applying a single policy
system-wide will cause undesirable consequences
at some locations. Examination of many factors
such as computed peak stages, discharges, and
flooded areas and depth is necessary to evaluate
how an alternative affects performance of the
flood control system as a whole.

Several of the alternatives altered hydro-
graph timing. A complete evaluation is required
prior to implementing any alternative to investi-
gate performance for a variety of events with
different inflow characteristics. The model
illustrated that alternatives which provide a local
beneficial impact by reducing flows and stages
may cause downstream consequences when the
timing of levee overtopping and hydrograph
peaks is altered and peak stages are increased.
Alternatives which altered timing often produced
stage increases at unexpected locations.

Results of the levee removal alternative
illustrated that all model results which determine
a stage and discharge reduction are extremely
dependent upon assumptions regarding floodplain
use and flow roughness. A change in channel or
overbank roughness from the conditions assumed
may significantly alter computed results.

The runoff reduction, levee removal, and
25-year levee height alternatives all reduced com-
puted peak flow and stage at many locations.
Reductions for the levee removal and 25-year
levee height alternatives were possible as the
result of flooding additional agricultural land.
Runoff reductions would also require the addi-
tional inundation of a significant land area to
store 5 or 10 percent of the runoff volume.

Simulation of the 1993 event and the
various alternatives illustrated several positive
and negative aspects of floodplain management.
The FPMA study focused on the 1993 event
only. Other events may generate different con-
clusions. Applying what appears to be good
floodplain strategy within a limited area can have
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undesirable effects at other locations within the
river system. Employing an unsteady flow model
to simulate the 1993 event and alternatives illus-
trated that the entire system must be evaluated as
a whole and not in individual segments. Several
of the alternatives examined showed potential for
decreasing damage associated with an event
similar to 1993. However, the cost of imple-
menting these alternatives must also be con-
sidered.

Extrapolating conclusions obtained from
analysis of 1993 event modeling may be errone-
ous with respect to other events. For example,
determining whether any individual levee cell
will overtop varies for each alternative and flood
event. An individual cell may or may not
overtop depending upon the river flow, tributary
inflow, and levee overtopping either upstream or
downstream of the individual cell. Levee over-
topping and breaching parameters also vary
including time of overtopping or breaching,
computed flow, and ponding depth and duration
within the cell.

Study results proved that a system-wide
hydraulic analysis is required to properly evalu-
ate alternative projects rather than looking at
each independently. Basin-wide planning is
required to completely evaluate effects of pro-
posed alternatives along the Mississippi and
Missouri Rivers. Future levee and floodplain
development must be evaluated on a system-wide
basis employing accurate modeling techniques.



EXAMINATION OF UPLAND RETENTION-
/WATERSHED MEASURES

Upland retention and watershed measures
directly influence the volume and peak runoff
generated from rainfall events. The performed
UNET model analysis evaluated the effect of
upland retention and watershed measures on a
system-wide basis. The UNET model employed
a change in the inflow hydrographs to model 5
and 10 percent runoff reduction alternatives and
the without Federal reservoir alternative. The
following sections provide additional evaluation
of upland measures and further explain the basis
for the inflow hydrographs which the UNET
model used.

Background: 5 and 10 Percent Flood Runoff
Reduction

The defining of runoff relationships
through rainfall amount, rainfall intensity, timing
of a series of storms, topography, land use,
antecedent conditions, drainage network, and
consideration of existing upland and valley
storage is very complex. It can be the subject of
considerable difference of opinion. Unless
evaluations are done using a detailed, systematic
process, with several calibrations during the
process, the results cannot be defended based on
scientific procedures. The use of different hy-
drology runoff models to evaluate various combi-
nations of these runoff relationships occurs
throughout the basin, but none evaluate all of the
processes over the entire watershed affected by
the 1993 flood.

It was determined very early in the
assessment process that time and funds were not
available to perform comprehensive deterministic
hydrologic studies on the entire area affected by
flooding in 1993. The approach used in the
assessment was to use the available information
developed for the Scientific Assessment and
Strategy Team (SAST) report and any additional
information readily available from other sources
such as the Corps of Engineers (COE), Natural
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Resources Conservation Service (NRCS), and
U.S. Fish and Wildlife Service (FWS). This
information would help define physical relation-
ships between runoff volume and the structural
and nonstructural measures typically used to
reduce runoff volume. Because of the tremen-
dous volume involved in the 1993 flood event, it
was determined at meetings attended by other
State and Federal agencies that the volume
reductions on tributary hydrographs should not
exceed 10 percent of the recorded 1993 runoff.

The volume of runoff is the most critical
and controlling factor for defining flooding in the
floodplains of the Mississippi and Missouri
Rivers as the contributing area to the flood prone
area becomes large. The runoff hydrograph
shape is sensitive to upland retention measures in
the upland flood prone areas. However, as these
upland hydrographs are combined with other
tributaries and travel downstream, the shape of
the hydrograph becomes less sensitive to individ-
ual upland retention measures. Since this assess-
ment concentrates on the flood prone areas of the
larger downstream floodplains, the evaluation of
the impacts of various upland retention measures
on local hydrograph distribution was determined
not to be critical. Therefore, impacts of runoff
reduction measures addressed in this assessment
will assume that uniform volume reductions of
tributary hydrographs can be applied without
significantly affecting the credibility of the flood-
plain sensitivity analysis. Appendix A provides
additional supporting information on the volume
reduction measures evaluated.

Methodology: 5§ and 10 Percent Reductions

The systemic UNET analysis employed
runoff reductions of 5 and 10 percent to evaluate
the effect of reduced runoff on computed results.
An analysis was conducted to determine a reason-
able value for the maximum runoff reduction
which could be attained. The 5 and 10 percent
volume reductions are used to test the sensitivity
of the floodplain water surface profiles to
changes in tributary hydrograph volumes for the



1993 flood. The reductions are intended to
represent changes in upland watershed land use
through either structural or nonstructural mea-
sures. Since the measures were to be weighed
against 1993 flood conditions, the volume reduc-
tions and measures assumed had to account for
the extreme antecedent conditions that existed in
these watersheds during the critical months of
June through July. The tremendous volumes of
runoff experienced throughout the basin when
multiplied by 5 or 10 percent reduction factors
result in very large storage or retention require-
ments in some watersheds. These watersheds
would require a combination of both structural
and nonstructural measures to achieve these
volume reductions for the 1993 flood.

The nonstructural measures or land
treatments considered included changes in
wetland storage, changes in depressional hydric
soils drainage patterns, maximizing infiltration
through use of conservation practices and crop-
land conversion. Structural measures would
include the traditional Soil Conservation Service
{SCS) small (Public Law 566) watershed struc-
tures and larger flood storage structures where
necessary. The time available to conduct the
assessment did not permit a detailed analysis of
land use for each sub-watershed. This would
require comprehensive deterministic hydrologic
models to measure all the physical processes
related to these changes. Models exist which
represent small portions of the basin, but not to
the extent that they would provide appropriate
coverage to perform detailed, comprehensive
analysis on this very diverse landscape. How-
ever, data provided in the SAST report and
existing COE, NRCS and other Federal agency
data provide a level of understanding of these
physical features and processes such that esti-
mates on how land use changes will affect
volume relationships can be developed to the
level of detail commensurate with this assess-
ment's objective.

The tributary volume adjustments used
for the floodplain sensitivity analysis were also
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based on results from case studies conducted by
the SAST team. These case studies evaluated the
effects of combinations of land use changes on
four selected watersheds which represent four
distinct landforms in the upper Mississippi River
Basin. The four landforms included a steep
basin, a low relief pothole basin, a low relief
basin with well-defined drainage, and a relatively
high relief basin that has been drained for agri-
culture. The studies were not conducted using
the same hydrologic model, but general trends
were identifiable, and relative differences could
be noted from the studies. These studies indicated
that reductions in flood peaks from upland land
treatments can be influenced by many factors.
The floodplain geomorphology, hydrologic
characteristics, antecedent conditions and
precipitation distributions are some of the factors.
The studies also indicate a trend toward decreas-
ing influence on flood peaks as precipitation or
flood recurrence interval increases. Where land
use changes may reduce flood peaks by between
25 and 50 percent for a flood with a return
period of 2 to 5 years, the same changes may
reduce peaks by only 10 percent or less for
floods with return periods of 100 years or great-
er. Appendix A offers additional discussion and
details on the analysis conducted by SAST.

In addition to the SAST case studies, land
resource information was developed to further
support the runoff reduction measures. This
information was provided through the 1992
Namral Resource Inventory (NRI} and the
cooperation of the Natural Resources Conserva-
tion Service (NRCS) Midwest National Technical
Center, Lincoln, Nebraska. The NRI defines
land use by major use categories and provides
this information for each major tributary in the
Mississippi and Missouri River Basins. This data
can be used to estimate the upland land use and
soils characteristics and how changes in land use
may affect runoff volume. In addition to the NRI
data, the NRCS STATSGO database was used to
compile additional pertinent information related
to soils characteristics throughout the basin.
Included in this data is an inventory of hydric



soils which indicates where in the basin the
greatest percentages of these soils exist. The data
does not, however, characterize the hydric soils
by wetland status. Large percentages of these
hydric soils are currently being used for agricul-
tural purposes throughout the basin. Figure 8-15
shows the percent hydric soils within the upper
and middle Mississippi River and lower Missouri
River basins.

Wetland restoration has proven to be an
effective flood reduction measure in the upper
watershed areas where the localized effects are
most pronounced. The SAST case studies indi-
cate that flood peaks can be reduced significantly
for fairly frequent flood events. However, wet-
land restoration measures would have had drasti-
cally reduced effects on fiood volumes under the
antecedent conditions and the extreme flood
conditions that existed throughout most of the
watershed in 1993. It is questionable whether
restoration of drained depressional areas would
contribute to flood reduction under these extreme
conditions. It can be argued that these drained
depressions actally provide greater flood reduc-
tion benefits by preserving the depressional
storage for the most extreme rainfall events
through drainage of antecedent events. The
drainage of wetlands is a very complex hydro-
logic issue with broad social, political, economic
and environmental impacts. This assessment will
address the restoration of wetlands as one of a
combination of the upland measures used to
achieve the 5 and 10 percent volume adjustments
in the upper watersheds. Appendix A provides
additional details and inventories of the current
wetlands status for the entire upper Mississippi
River Basin and will indicate where in the basin
wetland restoration would have had the most
influence on the 1993 flood.

In summary, the volume reductions as-
sumed for the floodplain sensitivity analysis are
5 and 10 percent of the 1993 runoff volume from
all tributaries of the Mississippi River above
Cairo, linois, and below Sioux City, lowa, on
the Missouri River. The adjustments are not
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based on specific flood reduction measures or
combinations of measures for each tributary.
Instead, it is assumed that there is a combination
of both nonstructural and structural changes that
could achieve these reductions. It is also as-
sumed that the 10 percent volume reduction is an
upper bound on what is reasonably achievable
under the extreme antecedent conditions and
flood conditions that existed throughout most of
the watershed in 1993.

Upland Flood Control Measures

Control of runoff in the upland watershed
is accomplished through both structural and
nonstructural measures. These measures include
land treatments that affect the soil's infiltration
rate, the soil moisture retention capacity and
protection or restoration of natural floodwater
storage areas. Wetlands, or construction prac-
tices like terraces, farm ponds, erosion control
structures or flood control reservoirs, all have
capacity to store excess runoff. The impacts of
existing land use and upland treatments on the
1993 flood were estimated using information
included in the SAST report along with data from
the NRCS, COE, National Oceanic and Atmo-
spheric  Administration (NOAA), National
Weather Service (NWS), and USGS. The exist-
ing Federal reservoirs located in the upland areas
stored over 25 million acre-feet of water during
the flood event. It is estimated that existing farm
ponds, erosion control structures and flood
control reservoirs constructed with U.S. Depart-
ment of Agriculture (USDA) assistance stored
over 2 million acre-feet of water during the
flood.

Several alternatives were considered to
test the sensitivity of different types of upstream
flood control measures. The "Existing Condi-
tion" alternative identifies the base condition
which treats all land use and upland storage in
Federal reservoirs as they existed in 1993. The
"Without Federal Reservoirs” alternative is used
to identify the effects the 1993 storage in these
reservoirs had on reduced flood stages in the
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