NISHNABOTNA CONFLUENCE CASE
STUDY
East Nishnabotna River Watershed Management and Flood Resiliency Plan
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1. INTRODUCTION AND BACKGROUND
Ongoing flooding issues have plagued the Nishnabotna River confluence area by inundating
agricultural lands, roads, and communities. The Nishnabotna River confluence area is generally
where the East Nishnabotna River and the West Nishnabotna River combine. This area extends
from the Riverton Wildlife Management Area downstream to the City of Hamburg and it includes
County Road J-46 (Riverton Road). According to Fremont County Engineer Dan Davis this is the
top flood issue in the County, without question. During times of high flow, floodwaters prevent
the use of Riverton Road. Impacts range from minor inconveniences to life-threatening situations
when response times for emergency vehicles are extended when trying to reaching Riverton, or
other areas. The City of Hamburg also feels the impact of flooding from the Nishnabotna River.
This case study is to identify and analyze potential flood mitigation efforts at Riverton Road and
measure the effects of those potential mitigation activities at Hamburg.
To address the flooding concerns in the confluence area the East and West Nishnabotna Rivers
Watershed Management and Flood Resiliency Plans (Plans) authorized the Nishnabotna
Confluence Case Study.

2. STUDY AREA OVERVIEW
The East and West Nishnabotna Watersheds have approximately 2,800 square miles of drainage
from the upstream limits to just upstream of Hamburg, IA. The East and West Nishnabotna Rivers
begin separately in southwestern Carroll County, roughly five miles apart. The West Nishnabotna
River flows approximately 115 miles southwest through Crawford, Shelby, Pottawattamie, Mills,
and Fremont Counties. The East Nishnabotna River flows approximately 120 miles southwest
through Audubon, Cass, Montgomery, and Fremont Counties. The two rivers meet and become
the Nishnabotna River in south-central Fremont County near the town of Riverton.
The topography of the East and West Nishnabotna Watersheds is characterized by broad, rolling
uplands and wide valleys. Flooding through-out the basin is generally caused by intense
thunderstorms. Floods within the Nishnabotna River basin occur most frequently from late winter
through early spring. During this period, flooding is caused by rapid melting of the winter’s
accumulation of ice and snow, by general rains, or by a combination of both, and is often
intensified by ice jams. During the remainder of the year, floods of a more local nature are caused
by general rains or severe local rainstorms.
High discharges from tributary streams often cause flooding along the East and West Nishnabotna
Rivers near the point of tributary confluence. Because of relatively steeper slopes and smaller
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drainage basins, floods on tributary streams are of short duration, and drainage of water from the
flooded areas is rapid. Flooding along main streams is somewhat more prolonged, especially in
their downstream reaches where channel slopes are much flatter than in the upstream reaches.
For the purpose of the Plans, the target area for flood risk reduction is within the confluence area
of the East and West Nishnabotna Rivers forming the Nishnabotna River. This case study is from
the City of Riverton from approximately road M-16 downstream to the City of Hamburg as shown
in Figure 1.

Riverton

Hamburg

Figure 1: Study area and locations of interest at Riverton Road and Hamburg
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3. METHODOLOGY
A Hydrologic Engineering Center’s Hydrologic Modeling System (HEC-HMS) model was created
by the Iowa Flood Center (IFC) to simulate the flow rate through these watersheds. The focus for
this hydrologic modeling effort was specific recent flooding events. The May 2007 flood event was
simulated in the hydrologic model and was used for this case study. To further evaluate flood risks
for the study region at a planning level, an unsteady state 2D hydraulic model was created for
portions of the East and West Nishnabotna Rivers from road M-16 downstream to the
Iowa/Missouri State Line near Hamburg as shown in Figure 1. This 2D hydraulic model is a
planning level tool suitable for measuring the effects of the concepts proposed in this case study
but is not a highly detailed hydraulic analysis for engineering design purposes.
The HEC-HMS hydrologic model produces a hydrograph representing the volume of water and
peak flow rate over time through the watersheds. The peak flow of the 2007 event was a significant
flood event nearly equal to a 1-percent-annual-chance (100-year) flood, so the hydrograph shape
and timing is assumed to represent a 100-year flood event. In order to model the 100-year flood
event, the 100-year peak discharge is needed. The Federal Emergency Management Agency
(FEMA) Zone A flood study was leveraged to extract the 100-year peak discharge. Then the
hydrographs from the HEC-HMS model were ‘scaled up’ to equal the 100-year peak flow.
To calculate the water surface elevation within the study area, the Hydrologic Engineering Center’s
River Analysis System (HEC-RAS) unsteady state 2D hydraulic model was created. This model
used the Light Detection and Ranging (LIDAR) topographic data to create a ‘mesh’ representing
the shape of the ground surface used by the model to calculate how the 100-year discharge of water
moves over the ground. The mesh is approximately 100 feet by 100 feet square or smaller. The
smaller mesh cells are for features of higher interest such as at Riverton Road, the private levee,
and the river channel which require more details to model the shape of the ground surface
appropriately. It should be noted that all topography data utilized including the stream channels
was based on the LIDAR only.
This case study focused on modeling the flood hazards in the Nishnabotna River confluence area
with specific interest at Riverton Road and at Hamburg. A total of five (5) alternatives were
modeled to capture the existing 100-year flood hazard and the effects of possible mitigation
alternatives. These alternatives are the following:
1. Base model of existing conditions
2. Riverton Road elevated above the 100-year water surface elevation
3. Wetland storage increased
4. Private levee removed
5. All mitigation options combined (road elevated, wetland storage increased, levee removed)
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4. FINDINGS
Base Model: Existing Conditions Alternative
The base model was created to represent the existing conditions shown in the LIDAR topographic
data. The 100-year scaled hydrographs were inserted at the boundary conditions to simulate how
that water flows through the 2D mesh. The model was calibrated to mimic the FEMA Zone A
flood study. This base model is the foundation of the mitigation options alternatives.
The lowest elevation of Riverton Road is approximately 923.5 feet. In the base model during the
100-year flood event, water surface elevation reaches approximately 932.6 feet, overtopping the
road by approximately 9.1 feet. Overtopping of Riverton Road begins at approximately the 2-year
flood event.
The private levee south of Riverton Road lies between the East Nishnabotna River and the West
Nishnabotna River. These two rivers have slightly different flood elevations when analyzed
separately. The East Nishnabotna River has a slightly smaller watershed area thus smaller
discharge. The East Nishnabotna River begins to overtop the levee at elevation 932 feet which is
between a 100-year and a 200-year flood event. The West Nishnabotna River is a larger watershed
with more discharge. It begins to overtop the levee at elevation 932 feet which is between the 50year and 100-year flood events.
The flood depths and inundation extents of the base model during the 100-year flood event is
shown in Figure 2.
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Figure 2: Base model - Existing conditions 100-year flood depth and extents
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Alternative 1: Riverton Road Elevated Alternative
Elevating Riverton Road will cause additional blockage of floodwaters, thus increasing the height
of the flood elevation north of the road. According to our hydraulic modeling results, the height
needed to elevate the road to prevent water from overtopping the road during a 100-year flood is
approximately 934.2 feet, 11.2 feet higher than existing road elevation. This alternative involves
raising 1.2 miles of 2-lane roadway and 3 bridges/culverts elevated by approximately 11.2 feet with
a 6:1 side slope. In accordance to the American Road and Transportation Builders Association,
the ballpark cost to construct a new 2-lane undivided road is about $2 million to $3 million per
mile in rural area. The cost to elevate and reconstruct this roadway is in the realm of $3,000,000.
Figure 3 shows the 100-year flood depths and extents if the roadway is elevated.

Figure 3: Alternative 1 - Riverton Road elevated100-year flood depths and extents
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Alternative 2: Wetland Storage Increased Alternative
The Riverton Wildlife Refuge area north of Riverton Road is constructed of man-made berms to
hold water pumped into the wetland from the rivers in order to support wildlife habitat. A
mitigation alternative discussed during coordination with County engineering and the Watershed
Management Authority was to increase the storage area of the wetland to capture floodwaters
leaving the stream channel and store the water ‘offline’. Conceptually this may reduce the amount
of water moving downstream thus reduce the peak discharge to lessen the chances of flooding over
Riverton Road.
The berms of the wildlife refuge were increased in the 2D hydraulic model to a height of 940 which
is approximately 17.5ft above the existing Riverton road elevation to analyze the effects of
increased storage capacity of the wetland. This height was chosen to ensure the 100-year flood
elevation does not overtop the berms for modeling purposes. However, the purpose of this
alternative is to evaluate the effectiveness of added storage area to attenuate the flooding
downstream. The costs to elevate the berms is based on a $16 per cubic yard for earthwork and
delivered fill material to build the berm height of approximately 18 feet with 1:3 side slopes and
10ft top width for approximately 5.5 miles and a 40% markup for design and administrative costs
equaling approximately $27,700,000. No land easement costs were calculated. Unfortunately,
during the 100-year flood event, this added offline storage capacity does very little in decreasing
the 100-year flood elevation at Riverton Road, a decrease of only 0.4 feet. This amount is
insignificant for a 100-year flood. Figure 4 shows the 100-year flood depths and extents if the
wetland storage is increased.

East Nishnabotna River Watershed Management and Flood Resiliency Plan
Nishnabotna Confluence Case Study

9 of 18

Figure 4: Alternative 2 – Wetland storage increased 100-year flood depths and extents
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Alternative 3: Private Levee Removed Alternative
The private levee immediately south of Riverton Road is a ‘ring levee’ circling the agricultural land,
providing some flood hazard reduction to the land. The height of the levee is approximately 8 feet
higher than the existing Riverton Road. During the 100-year flood of the East Nishnabotna River,
floodwaters overtop Riverton Road and hit the levee thus backing up floodwaters to divert around
the levee. During the 100-year flood of the West Nishnabotna River, floodwaters also overtop
Riverton Road, hit the levee thus backing up floodwaters, overtopping the levee between the 50year and 100-year discharge.
The 2D hydraulic model was modified to ‘remove’ the levee from the mesh, simulating agricultural
ground that becomes inundated whenever the East or West Nishnabotna rivers exit their natural
banks. This allows floodwaters to convey freely downstream after Riverton Road. The levee system
embankment is approximately 15 feet high with 2:1 side slopes for approximately 5 miles in length
which is approximately 587,000 cubic yards of material. The cost estimate is $2,700,000 based on
$3.30 per cubic yard of earthwork to excavate the levee material and spread it across the land in
the local vicinity. The results of this analysis show a decrease of the 100-year water surface elevation
at Riverton Road by approximately 2 feet. This decrease is significant however Riverton Road still
overtops by approximately 7 feet during a 100-year flood event causing life threatening conditions.
Figure 5 shows the 100-year flood depths and extents if the levee was removed.
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Figure 5: Alternative 3 – Private levee removed 100-year flood depths and extents
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Alternative 4: All Mitigation Options Combined Alternative
The first three alternatives were analyzed to see what flood reduction effects are possible at
Riverton Road. This alternative considered all three options combined; elevation of Riverton Road
above the 100-year water surface elevation to prevent overtopping, increasing offline storage areas
of the wildlife refuge area wetlands, and removal of the private levee to allow conveyance of
floodwater unrestricted downstream. The berms of the wildlife refuge were increased in the 2D
hydraulic model to a height of 940 as an extreme height to make sure they do not overtop from the
100-year flood elevation. The cost of this alternative is the addition of all the previous alternatives
which is approximately $33,400,000. The resulting 100-year flood elevation at Riverton Road from
this alternative is 932.6 feet or 9.1 feet above the existing road. This may not seem significant, but
the hydraulic effects of both the levee removed and wetland storage increased options does reduce
the height of the potential Riverton Road elevation from 11.2 feet to 9.1 feet compared to the
Alternative 1 of only elevating the road. This two-foot reduction may be approximately a 5% to
10% cost savings to the road elevation as 2 feet of fill material is not needed, however this cost
savings is negated when adding the cost to remove the levee and increase the wetland storage.
Figure 6 shows the 100-year flood depth and extents of the combination of all options.
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Figure 6: Alternative 4 – All mitigation options combined 100-year flood depth and extents
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Concluding Results
The results of these alternatives are shown in Table 1. Each alternative also looked at the potential
100-year water surface elevation changes at Hamburg. Unfortunately, none of the alternatives
resulted in a decrease in the 100-year water surface elevation at Hamburg. This is due to the
significant volume water and peak flow (~50,000 cubic feet per second) moving downstream of the
confluence of East and West Nishnabotna Rivers. The minimal amount of storage area available
in the wetland, the leveed area, or upstream of the elevated road do not have a significant impact
on this volume of water.
Table 1: 2D hydraulic model results of the 100-year flood for each alternative

Base
model:
Existing
condition

Location
Riverton Road
(elev. 923.5)
Hamburg

Alternative 1:
Riverton Road
Elevated

Alternative 2:
Wetland
Storage
Increased

Alternative 3:
Private Levee
Removed

Alternative 4:
All Three
Mitigation
Options
Combined

(ft
NAVD88)

(ft NAVD88)

(ft NAVD88)

(ft NAVD88)

(ft NAVD88)

932.6
923.1

934.2
923.1

932.2
923.1

930.6
923.1

932.6
923.1

As a result of this case study, little to no reduction of the 100-year flood elevation occurs at Riverton
Road or at Hamburg. The private levee removal had the most significant impact to flood reduction
at Riverton Road however, the approximately 7 feet of overtopping is still a significant risk to loss
of life should someone trying to drive across the road during a flood event and still an impact on
travel times for emergency vehicles.
While these results provide information that mostly eliminate the potential for mitigation actions
to provide meaningful flood risk reduction for the 100-year flood; the analysis did not include an
assessment of potential benefits or mitigation actions to reduce flooding risk for more frequent
flooding. The hydraulic models developed for this effort can be used for further evaluations that
can be used to assess mitigation actions or combinations of mitigation actions that will
incrementally reduce flooding risks. For example, since the private levee is overtopped during large
flooding events, the benefits of removal are reduced. But for more frequent flooding events,
removal may provide a relatively higher benefit and may increase potential for a lower cost
individual or combined solution such as private levee removal and a smaller road raise.
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5. RECOMMEDATIONS
If 100-year flood risk reduction for Riverton Road is desired, Riverton Road Elevation is the most
probable solution to prevent floodwaters from overtopping the road to keep it open allowing
emergency responses to either side of the floodplain reducing risk to life. A more detailed analysis
of this alternative is recommended to evaluate the impacts of the alternative, the elevation and
engineering solutions to elevate the roadway and bridges, construction level cost estimates, and
the citizens tolerance to risk.
As an initial next step it is recommended to consider evaluating a broader range of flood risk
scenarios that will potentially provide the optimum solution for flood risk reduction combined
with costs and benefits as well as grant fundability. As part of this effort, the flood models
developed could also be further refined with additional site-specific details such as field survey of
the stream channels and the crossing to better define current field conditions and model results.
For example, using the flood risk assessment models created for this planning effort to further
evaluate incremental benefits and costs for mitigating risk from more frequent floods such as the
25-year flood. There may be potential to decrease the frequency of Riverton Road being out of
service in combination with some of the flood risk awareness and warning actions outlined below,
for example. This type of evaluation, which would identify possible projects, would cost
approximately $50,000, depending on the scope of the study of the work performed.
Non-structural actions are also recommended to reduce risk from flooding. Preventative
measures, public education and awareness, and emergency services are appropriate and costeffective mitigation actions for this confluence area. Preventative measures are intended to keep
flood hazards from getting worse while reducing risk to people and property. Examples include:
• Flood insurance to increase the resiliency of individuals ability to recover more quickly
after a flood event.
• Comprehensive land use planning.
• Zoning regulations.
• Open space preservation to keep people away from high hazard areas and allow natural
floodplain function.
• Building codes with flood resistance building practices.
• Floodplain development regulations such as increased freeboard above the base flood.
• Stormwater management to reduce runoff.
• Participation in the NFIP Community Rating System (CRS) to decrease cost of flood
insurance.
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Public education and awareness activities advise residents, business owners, potential property
buyers, and visitors about floods, hazardous areas, and mitigation techniques they can use to
reduce the flood risk to themselves and their property. Examples include:
• Readily available and readable updated maps.
• Outreach programs (e.g. Turn Around Don’t Drown).
• Libraries with reading materials.
Although not typically considered a mitigation technique, emergency service measures minimize
the impact of flooding on people and property. These are actions commonly taken immediately
prior to, during, or in response to a hazard event. Examples include:
• Hazard warning system to communicate flooding is present. This can also include
installing prominent flood warning signage that include river stage sensors that energizes
a lighted sign in key locations.
• Emergency response plan to close flooded streets and support evacuation. Can include
installing gates closing roadways to prevent accidental entry into a flooding road.
• Critical facilities protection.
• Health and safety maintenance.
• Post flood recovery planning to document lessons learned and plan actions to mitigate
flood risk.
Funding opportunities through FEMA may be available for hazard mitigation projects. Those may
include the following:
•

•

Hazard Mitigation Grant Program (HMGP)
o Authorizes FEMA to provide assistance under the Hazard Mitigation Grant
Program for activities that help reduce the risk of future damage in areas affected
by flooding.
o Ensures Hazard Mitigation Grant Program funding increases resilience to future
damage, hardship, loss or suffering.
National Public Infrastructure Pre-Disaster Hazard Mitigation (PDM) (Section 1234):
Authorizes the National Public Infrastructure Pre-Disaster Mitigation fund which will be
funded as a 6 percent set aside from disaster expenses, to allow for a greater investment in
mitigation before a disaster.

Funding under these programs is subject to availability of annual appropriations. The HMGP
funding is also subject to the amount of FEMA disaster recovery assistance provided under a
presidential major disaster declaration. Contact information for the FEMA Regional Offices and
State Hazard Mitigation Officers (SHMO) is available on the FEMA website (www.fema.gov).
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6. ACRONYMS AND ABBREVIATIONS
CRS
FEMA
HEC-HMS
HEC-RAS
HMGP
IFC
LIDAR
PDM
Plans
SHMO

Community Rating System
Federal Emergency Management Agency
Hydrologic Engineering Center’s Hydrologic Modeling System
Hydrologic Engineering Center’s River Modeling System
Hazard Mitigation Grant Program
Iowa Flood Center
Light Detection and Ranging
National Public Infrastructure Pre-Disaster Hazard Mitigation
East and West Nishnabotna Rivers Watershed Management and Flood
Resiliency Plans
State Hazard Mitigation Officers
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